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Abstract— The improvement of the energy efficiency of a
building is often one of the reasons for the renovation of building
facades. During such renovations, the energy efficiency is usually
improved by increasing the thickness of insulation layer. The
increased insulation layer increases the overall thickness of the
wall, and to compensate for that, a new thin façade material is
often sought. As a result, plastering has gained more and more
popularity recently. However, especially in the case of thick
plastering, a plaster mesh is often used to fix a layer of material,
and this paper investigates the effect of the mesh on radio signal
attenuation. This study shows that the plastering mesh
significantly increases the overall wall attenuation, especially at
lower frequencies used by mobile networks. The attenuation
caused by the mesh is frequency dependent and decreases with
increasing frequency. The attenuation behavior is entirely
determined by the mesh size of the mesh.

Keywords— Radiowave propagation, energy-efficient
buildings, plastering net, penetration loss,  outdoor-to-indoor
propagation, RF measurements.

I. INTRODUCTION

Today, there is an almost universal agreement about climate
change and that the exceptionally rapid growth in global
temperatures is mainly due to man-made greenhouse gases. As
a result, the message of numerous climate conferences over
the last decade is clear; energy efficiency must be improved
rapidly in all areas of life, and carbon dioxide emissions must
be reduced rapidly. [1]
      Housing is one of the most energy-consuming fields in
daily life and it is estimated that it accounts for 40-60% of total
energy use. However, it is also an area that offers some of the
best potential for improving energy efficiency. [2,3,4].
      Heating accounts for the largest amount of energy
consumed in housing, but the amount of energy required for
heating can be reduced by improving the insulation of the
building exterior cover. [5]. Due to this, when renovating the
exterior walls of buildings, providing a better insulation level

is often one of the targets, even if not the primary one. When
an insulating layer is thickened, or the insulation material is
changed, the old outmost portion of facade is usually removed
and replaced with plastering.
     This paper investigates the effect of a plastering mesh
commonly used to support thick plastering layers on signal
attenuation in mobile networks.	As the results of this study are
likely to be of interest to both radio network designers and
construction engineering professionals, this paper aims to
provide enough basic information for professionals in both
fields to understand the problems caused by the plastering
mesh.
     The main problem is that material RF -attenuations on the
exterior walls of buildings have a direct effect on the coverage
and data transmission of the cellular networks. Because
current cellular mobile phone systems are based on macrocells
where base stations are located outside buildings, the signal
path always passes through material layers of a building
exterior cover. Based on measurements and simulations, this
paper demonstrates that a plastering mesh can double the RF
attenuation of the wall structure, especially at lower
frequencies of cellular networks. The high attenuations of the
lower frequencies are based on a frequency selective behavior
of the mesh, which acts as a high pass filter. The problems are
spreading because in many countries, especially those that
experienced a construction boom some decades ago, the stock
of apartment buildings is growing older, so the amount of
exterior wall plastering work is constantly increasing.
     Part II of this paper presents background information
related to the tightening of energy efficiency requirements, the
age distribution of the European regional building stock, and
the use of plastering as a coating method. In addition, the
frequencies used in current and near future mobile networks
are briefly listed. Then, Part III covers reflections from
plastering surfaces and theoretical modeling of mesh. Section
IV describes the method used in the laboratory measurements,
while Section IV presents the results of the mesh



measurements and plastering mesh simulations. Finally,
conclusions are drawn in Section V.

II. BACKGROUND

This section focuses on stricter energy efficiency requirements
due to the (a) EU-level climate strategy, (b) age distribution of
residential buildings in the EU, and (c) potential for energy
efficiency improvements in the renovation of exterior walls of
old residential buildings. This section also seeks to clarify why
plastering is often chosen as a surface material in renovations.
After that, we will briefly introduce the different plastering
methods, especially the use of the plastering mesh. Finally,
there is an overview of current and near-term frequencies that
need to be considered when evaluating the impact of plastering
mesh attenuation on the performance of different systems. To
provide a clear picture of the causes and extent of changes in
the RF attenuation of a residential building stock, this paper
places emphasis on the background and causes of differing
energy efficiency levels in general, and the effects of
refurbishment of exterior walls. In addition, the paper outlines
the surprising additional attenuation of the plastering mesh,
and describes the transformation of the entire building stock to
a more energy efficient direction and the potential problems
that new building materials may cause.

A. Energy Efficiency Strategies
     Improving the energy efficiency of housing and buildings
is one of the most essential tools for achieving the objectives
of the EU Energy Strategy [7,8]. The EU has set a binding
target to reduce emissions by at least 40% below 1990 levels
by 2030. In this way, the EU would fulfill its obligations under
the Paris Agreement and move towards a climate-neutral
economy. [6]. The potential of residential and commercial
buildings energy efficiency improvement was identified in the
2006 action plan as one of the largest and most cost-effective
measures to achieve the 2020 targets. The same document
emphasizes the importance of improving the insulation layer
of roofs and walls in residential buildings. [7,8].

B. Age Distribution and Renovation Needs of Building
      Population

The impact of directives requiring energy efficiency
improvements is not only apparent in the choice of structures
and materials used in new buildings, but are also in the
renovation of an aging building stock. Statistically speaking,
the stock of buildings in the EU -region is old, so there is a
great need for repair [9].
      When designing new houses, the life cycle of buildings is
expected to be over 50 years, but at least in the Nordic
countries, the need to repair exterior walls has often emerged
within 30 years after the house was completed [12,13].
Exterior wall problems often appear as large cracks or other
damage to the façade, and the entire façade is usually renewed
to prevent further damage.
     As façade renovation is one of the most expensive repairs
for a housing association, it is usually the case that energy
efficiency is also improved during the renovation by changing
the insulation material or increasing the thickness of the
insulation layer. In either case, the original facade is either

removed or coated with new material. Usually the new surface
layer is plastered as it does not significantly increase the
overall original wall thickness [11,15,16].

Figure 1. An exterior wall structure into which the insulation layers
has been added during a renovation.

Figure 1 (a) shows the original situation before the facade
renovation has been carried out. In Figure 1 (b), the old outer
concrete layer is left in place within the structure, but a
plastering-coated insulation layer is added on top of it. Finally,
Figure 1 (c) shows a case where the both the old outer surface
layer and the insulation have been removed and replaced with
a completely new insulation layer that has been plastered on
[11]. In most cases, an increase in the insulation layer is a
justified coincidence of the exterior wall renovation, since,
according to published studies focusing on suburban
apartment blocks, additional insulation of the facades has
achieved an energy saving of 9-10% [10].

C. Renovation and Plastering
The signal attenuation problem with radio signals from
cellular networks is not the plastering material itself, but the
metal plastering mesh used to support the plastering layer.
Because there are two different plastering methods, this
section introduces the differences between those methods and
types of plastering meshes used with each of them. [18,19].
      Plastering is used for both new building construction and
for older house renovations, particularly because of its low
cost and lightweight construction [11]. As mentioned, there
are two basic techniques for plastering, a thin plastering and a
thick plaster. The thin plastering can be done faster, in just one
stage, whereas the thick plastering takes longer, so is primarily
used when the surface beneath the plaster is uneven. The
biggest difference that causes issues with radio signals,
however, is that in the thin plastering layer the plaster mesh is
made of fiberglass, but in the thick plastering the metal mesh
is used.

Figure 2. Thin and thick plastering approaches.



   The thick plastering, which usually contains three
overlapping mortar layers, is supported by a galvanized
plastering mesh of about 19 mm eye-size installed between the
plaster layers. The mesh is intended to be placed in the middle
of the plastering surface, where it acts most effectively to
prevent against cracking or breaking of the façade [13,20].

D. Frequencies of Existing and Emerging Mobile
Communication Networks

Since the main focus of this study is to investigate the effect
of the high-pass filter formed by the plastering mesh on the
attenuation of RF signals, it is necessary to briefly look at the
frequencies used in cellular networks. This is because, based
on the listed frequencies, it is easy to assess the technical
systems that are particularly affected by the additional
attenuation caused by the plastering meshes.
     It is well-known from previous publications that lower
frequencies penetrate building materials better than higher
frequencies. [21]. As a result, the development of cellular
networks has been followed with some concern because the
next generation of the cellular system will generally use higher
frequencies than earlier ones. The continuous increase in
frequencies is due to the fact that there are no longer unused
areas in the lower frequency ranges.
     However, in this study it is shown that the plastering mesh
is causing radio signal attenuation, especially for the lower
frequencies, which are used in current systems and generally
considered a reliable choice for demanding connections.
      The commercial cellular systems currently in use work in
the 700 MHz to 2600 MHz frequency range, although the 380
MHz band used by officials, (such as police and firemen),
networks should be kept in mind. [22]. The frequencies used
by the 5G technology currently being introduced will initially
be in the 3400-3800 MHz range, but the 3800-4200 MHz
frequency band is also of interest [23]. A kind of threshold-
value is considered to be the 6GHz frequency, below which
the attenuation of the structures remains reasonable, and that
is why connections can be made between outdoor and indoor.
On the other hand, almost all of the free frequency bands are
available above 6GHz.
     In the context of the standardization of 5G system
frequency bands, the following bands have been particularly
considered; 24.25-27.5 GHz, 31.8-33.4 GHz, 37-43.5 GHz,
45.5-50.2 GHz, 50.4-52.6 GHz, 66-76 GHz and 81- 86 GHz.
However, there will obviously be country-specific exceptions
in these areas.
 [24].
     While the development of mobile technologies is inevitably
moving towards higher frequencies, it must be remembered
that frequencies below 1 GHz are essential for many important
systems. Perhaps the most prominent of these is the 900 MHz
GSM system, which provides mobile phone call service
coverage in rural areas. In addition, the LTE network for data
transmission also uses the 700-800 MHz frequency band, and
the highly expanding Internet of Things (IoT) -based systems,
such as Sigfox, LoRa, and IEEE 802.11ah, use frequencies of
less than 1 GHz. Furthermore, the frequencies of NB-IoT
cellular networks are usually in the 700-900 MHz range. In
conclusion, while current discussions usually emphasize the

importance of higher frequencies, the band below 1 GHz will
remain very important for current and future systems.

III. THE EFFECT OF PLASTERING NET FROM RF PERSPECTIVE

This section examines how the plaster network affects
propagation of RF waves. The focus is on plastering layer of
the whole wall element, the reinforced concrete (inner layer in
Fig 1) has its own attenuation. In general, there are several
factors that need to be taken into account [25,26]:

1. Reflections at the air—plaster interfaces.
2. Attenuation due to the lossy plastering.
3. Iron mesh forms a structure that resembles that of

waveguides. In particular, meshes have so-called
cutoff frequency below which they cause
exponential attenuation to waves that pass through
the iron mesh.

4. Reflections and scattering due to the iron wires. This
factor could be estimated via a truncated series of
equation sets.

In the following section, we review the theoretical background
for items 1-3. We aim at a qualitative study, i.e., we aim not to
establish quantitative analytical estimates. We assume that the
plaster consists of “plates” and iron wire grids, whose normal
are in the z-direction, which is also the direction of the signal
propagation. Due to these assumptions, we study wave
propagation in the z-direction, and the xy -plane forms the so-
called transverse plane. Consequently, the main factor to be
studied is the exponent term  where  = + ∈ ℂ is
so called the propagation constant, and in which ,  are so
called the attenuation constant and phase constant,
respectively.

A. Reflections and Impedances

The reflection at the air-plaster interface can be estimated via
reflection and transmission coefficients at each interface.
Since three different interfaces exist in the plastering structure,
multiple reflections are formed in the composition as shown in
Figure 3. The image shows a principle image of a plastering
surface on the wall with a plastering mesh in the center. For
the sake of simplicity, the transmitted signal is assumed to
propagate from the base station to the indoor user’s mobile
phone. The first of the interfaces is the outer plaster surface
from the direction of the base station signal and its reflection
and transmission coefficients are ρ1 and τ1 respectively. The
corresponding coefficients for the inner plastering surface are
ρ3 and τ3. The εr value of the plastering material is about 4
when the mortar is completely dry. In the general case,
complex permittivity = = ( − ), and ≠ 0
is used [25]. The simulations were made with the εr -value 5.54
–j 0.7, which corresponds to the case where the mortar is not
completely dry, and thus better represents the real-life
situation. The centermost reflection surface is the surface of
the plastering mesh, and its εr2 value changes as a function of
the frequency. Generally, for the plastering mesh, the ρ2 + τ2
≈ 1, which means that the total energy of incoming RF –signal



either reflected or is transmitted through the iron mesh, thus
the internal losses of the mesh itself are negligible. The losses
caused by the mesh itself are mainly eddy current losses and
those are so small that they usually do not need to be taken into
account.

Fig 3. The layers of plastering structure into which the iron
plastering net has installed

Figure 3 shows the principle of reflection surface analysis for
a plastering structure that includes an iron plastering mesh
submerged into the plastering material. The basic theory
shown in figure is limited to first-order reflections, but
naturally, in accurate calculations multiple reflections must be
taken into account. In figure 3, the upper arrows represent the
portion of the signal that propagates directly through the entire
plastering without reflections. The second level of arrows
represent a situation in which a part of the signal is reflected
back from the plastering mesh but is reflected a second time
from the front surface of the plastering back to its original
direction. The situation can be mathematically represented by
the following formulas [25]

= ( )                                                (1)
− ( ) + ( )

+ …

The reflection and transmission coefficients in the above
formula depend directly on the impedance ratios on both sides
of the interface. The impedances of different substances, in
turn, are usually determined directly by the εr values, and for
example, for the first interface they are obtained from the
following formulas

= √

√

    and = 1−                                   (2,3)

A more general expression of the intrinsic impedances η
exploits the propagation constant γ following way

η =                                                                          (4)

That allows calculation of  η separately for each material of
the structure. For the material interfaces, the reflection and
transmission coefficients are obtained as

=    and =                                   (5,6)

In above formulas, it is assumed that the signal is coming
perpendicular to the surfaces.

B. Attenuations Due to the Lossy Plastering

Generally, in lossy materials the wave propagation is
characterized by the complex propagation constant γ, which
has the following definition [25]

= + = √ 1−                                   (7)

C. Plastering Mesh Description Using a Circuit Theory

The attenuation of the plaster mesh can be assessed by many
methods. For example, the waveguide theory-based method
has the advantage of the simplicity of estimation, but the
accuracy remains modest. The reason for this is the very small
depth of the mesh-like structure where the waveforms modes
of the waveguide cannot generate. Examples of a much more
accurate equations for iron mesh attenuation are the following
circuit model based admittance approximation formulas [27]

≈ (− ) −                                (8)

where csc( ) =
 ( )

                                                      (9)

and = 1− 0.41 ( )/ /                             (10)

The dimensions of a grid are represented in figure 4

Figure 4. The dimensions in inductive mesh.

From where the transmission coefficient can be calculated by
the following formula

=    (11)

Where the admittance Y is admittance of inductive mesh.

The admittance calculation seems to be working well at a
general level for the structure where there is an insulating
material in the middle that is surrounded by conductive
material. When assessing the precision, it should be noted that
the above-described wire mesh is in a practical situation as part
of the outer wall surface with a 10-20 mm plaster layer on each



side, a more detailed analysis of the overall attenuation of the
structure would require separate reflection and transmission
coefficients of each interface of the total structure. However,
this was not done in this study because it requires a careful
analysis of the electrical properties of the plaster, especially
for the determination of the (complex)  parameter for mortar
and reinforced concrete.

IV. MEASUREMENT METHODS

The measurements of the plastering mesh were carried out on
the ground floor of University of Tampere, where all the walls
are 300 mm thick reinforced concrete. The concrete wall has a
600 x 600 mm opening where the mesh to be measured was
placed. To minimize interfering multi-path components, the
walls of the measurement room were coated with a thin layer
of aluminum. Measurements were based on far-field method
with a horn antenna (A-INFO JXTXLB-880-NF) on each side
of the plastering mesh under measurement. Both antennas had
a distance of 1.6 m from the mesh, which avoided problems of
the near field. The first of the antennas was a transmission
antenna controlled by a Rohde & Schwarz SMJ series signal
generator. On the other side of the mesh to be measured was a
Rohde & Schwarz FSG series spectrum analyzer connected to
the receiving antenna. The measuring range was limited to 6
GHz due to the measuring equipment. The measurement was
based on a comparative measurement in which the signal level
passed through the mesh was compared with a signal received
by the same arrangement without the mesh. The principle of
the measuring arrangement is illustrated in Figure 5.

Figure 5. Measurement setup.

In order to compare measurement results and theory, a matlab
code was formulated to simulate the mesh attenuation in a
computational manner. With the code, it is possible to simulate
structures in which several materials are joined together in a
overlapping construct. The calculation is based on a
transmission line model in which the original structure is
modeled using series connected components. The properties
of the components are the complex propagation constant,
characteristic impedance, Zi, and the length of the line
component, li.

The characteristic impedance, Zi, is described based on
permittivity and permeability of the material that have been
measured separately.

=  , = 2                         (12,13)

V. OBTAINED RESULTS AND ANALYSIS

     In the propagation measurements, two types of commonly
utilized plastering meshes were adopted, of which the 19 mm
mesh represents the most common plastering mesh type and,
for comparison, a mesh size of 25 mm mesh was measured
mainly to help assessment of the impact of the mesh size. For
simulations of the total attenuation of the mesh and plastering,
a sample of plastering was also prepared, the εr -value of which
was measured by the Reflection-Transmission method using a
circuit analyzer and focusing antennas [28].

Figure 6. Simulated and measured RF attenuations of a plastering net.

Figure 6 shows the results of laboratory measurements and
simulations of two different plastering meshes in the 500 MHz
to 6 GHz frequency range. The thicker green curve shows the
combined attenuation of the 19 mm plastering mesh and
slightly damp 30 mm thick plastering mortar layer. The
plastering mortar attenuation was calculated by using the εr -
value 5.5 –j 0.7. As can be seen, the results of the reference
simulations match very accurately with the actual RF
measurement results. It is also observed that meshes with
different sizes do not differ substantially from each other from
the RF attenuation perspective. In general, based on the
obtained measurement and simulation results, the plastering
mesh causes significant RF attenuation, especially at low
frequencies, which up until now have been commonly
considered suitable for wireless systems due to lower material
RF attenuation. Thus, this is a new finding that has not been
observed earlier in the literature and may have substantial
impact on, for example, the indoor coverage of the IoT
networks operating commonly at 700-900 MHz range.
   Typically, the composition of plastering mortar and mesh are
combined with a 150 - 180 mm thick reinforced inner concrete
layer of sandwich element whose additional attenuation has to
be taken into account. The attenuation of inner concrete layer
varies via concrete type and the thickness.

VI. CONCLUSIONS

     This article investigated the attenuation caused by a
plastering method commonly used in building renovation, and



in particular the effect the plastering mesh has at frequencies
used by cellular networks. The first theoretical part of the
study describes the background to the growing popularity of
plastering as a facade material for various residential
buildings. The report also evaluates wireless systems that are
most affected by plastering mesh attenuation. The main result,
however, is the strong attenuation of the plaster mesh,
especially at low frequencies, which is generally assumed to
penetrate the exterior walls of buildings with relatively little
attenuation. On the basis of our measurements, it was shown
that the thick plastering layer has an attenuation of about 10
dB at all frequencies, even though the plastering attenuation
has so far been assumed to be in the order of 2-3 dB. Thus, the
thick plastering layer almost doubles the RF attenuation of the
entire wall structure. The additional attenuation caused by the
plastering mesh is so great that problems it may cause should
start to be considered by companies when planning
renovations and evaluating the performance and capacity of
wireless networks, especially with GSM, Lora, Sigfox and
NB-Iot networks.
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