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Abstract

Due to the health risks posed by high radon concentrations, many regulations impose
concentration restrictions and set out several techniques to prevent radon entry into enclosed
spaces. One of the most effective technique to protect new buildings from radon entry is to install
a radon barrier over the entire surface of the ground beneath the foundation. Whether a barrier is
suitable for protection is determined by the diffusion coefficient, the methodology which is
standardised in ISO/TS 11665-13:2017. These barriers are typically made of polymeric or
bitumen materials, which have diffusion coefficients between 10-" and 10-'8 m?/s. By applying a
modification to the 1ISO standard that allows shorter test times, the diffusion coefficients of a
commercial membrane (6.21 = 0.75 -10"%), polyethene (1.14 £ 0.14 -10-'2), polypropylene (4.35
+ 0.53 -10-), polyvinyl chloride (3.55 + 0.43 -10"4), polystyrene (4.96 + 0.60 -10-'%) and
polymethyl methacrylate (4.07 + 0.49 -10-'3) have been measured, the latter two material values
not being published so far. The results validate the developed methodology since the diffusion
coefficients provided are comparable with those of the literature. In all cases, a concentration
reduction of 99% is obtained. A relationship is observed between the amount of radon adsorbed
by the material and its thickness and chemical composition.
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1. Introduction

Radon-222 is a radioactive gas that comes from the uranium-238 decay chain (Brill et al., 1994;
Donohoe and Royal, 1996; Khan et al., 2019). When radon disintegrates, it emits an alpha particle
and starts a series of short-live descendants. It can be inhaled and transported into the lungs and
if its progeny disintegration occurs there, alpha particles can damage the tissue and originate lung
cancer (Donohoe and Royal, 1996; Khan et al., 2019; World Health Organization, 2009).

Radon originates in soils and rocks with radium content and because of its gaseous properties
and its half-life of 3.82 days, it can travel through the pores and cracks and enter the buildings by
diffusion and/or differences in pressure and temperature (Brill et al., 1994; Fucic et al., 2011;
Gandolfo et al., 2017; Khan et al., 2019). Radon also exhales from the building materials, like
concrete or bricks (Donohoe and Royal, 1996; Pacheco-Torgal, 2012).

The World Health Organization Handbook on indoor radon (World Health Organization, 2009)
states that the radon mitigation strategies for new buildings are active and passive soil
depressurization, sealing surfaces, barriers and membranes, and ventilation of occupied and
unoccupied spaces. According to (Daoud and Renken, 2001) and (Khan et al., 2019), the most
important mitigation method for new buildings is the installation of a radon-proof membrane
across the foundation, which has to be airtight and continuous (Pacheco-Torgal, 2012) and must
function properly during their service time, so the materials should have long endurance and high
resistance to ageing (Jiranek and Hulka, 2001).

Over the past few years, regulations in many European countries have required the installation
of radon barriers to protect the newly constructed buildings if soil exhalation requires it (Holmgren
and Arvela, 2012). In Spain, the transposition of the Euratom 2013/59 directive (Council of the
European Union, 2013) has led to the modification of the Technical Building Code, including the
obligation to install these barriers in new buildings in category | zones, which slow down the radon
diffusion so that the concentration remains under 300 Bg/m? inside dwellings and workplaces
(Spanish Ministry of Public Works and Transport, 2019).



The radon diffusion coefficient is a property that defines radon transport through the material, so
it can be used to know the suitability of a material as a radon-proof barrier (Jirdnek et al., 2008).
The materials used as insulation in houses and buildings have radon diffusion coefficients
between 108 and 10-' m?/s, and the most frequently used materials include bitumen membranes,
polymeric membranes and some coatings. The lowest values correspond to bitumen membranes
with an aluminium film and ethylene vinyl acetate (EVA) membranes, whereas the highest values
are for sodium bentonite membranes, rubber membranes and polymer cement coatings.
Waterproof materials commonly used for protecting buildings, i.e., polyethene (PE),
polypropylene (PP), polyvinyl chloride (PVC) and bitumen membranes, have a radon diffusion
coefficient in the range from 10" and 10-'3 m?%/s (Jiranek and Hulka, 2001, 2000; Jiranek and
Kotrbata, 2011).

The radon diffusion coefficient depends on material chemical composition as well as
manufacturing, material density, raw materials, concentration gradient on both sides of the barrier,
etc. so even for the same type of material some discrepancies in radon diffusion coefficient values
can be found (Daoud and Renken, 2001; Jiranek and Hulka, 2000; Jiranek and Kotrbata, 2011;
Szajerski and Zimny, 2020).

In addition to diffusion through the material, radon adsorption on the barrier and back diffusion
can also occur. The effect of adsorption can be important in typical materials used for insulation
as radon has good solubility in polymeric materials and very good solubility in materials containing
more aromatic hydrocarbons. Back diffusion is a minor effect, mainly concerning materials with
high thicknesses. If back diffusion is not determined, radon transport processes, which are mainly
the radon exhalation rate, may be underestimated (Szajerski and Zimny, 2020).

Therefore, it is interesting to study materials that can be used as radon barriers. This work aims
to validate an experimental methodology for radon diffusion coefficient determination based on
the ISO/TS 11665-13:2017 norm (International Standardization Organization (ISO), 2017)
comparing the values of the radon diffusion coefficient calculated with a control (Sisalex® 871).
Then, the radon diffusion coefficients values obtained for LDPE, PP and PVC will be compared
with those obtained from the literature. In addition, the methodology will be used to determine the
diffusion coefficient of new materials (polystyrene [PS] and polymethyl methacrylate [PMMA]).
Finally, the influence of thickness and chemical structure on the radon behaviour of the material
will also be studied.

2. Materials and methods
2.1. Measuring system

The design of the measuring system is based on the guidelines established in the ISO/TS 11665-
13:2017 norm “Determination of the diffusion coefficient in waterproof materials: membrane two-
side activity concentration test method’. The measuring system consists of two air-tight containers
(source and receiver) one above the other with a volume (V) of 8.01-10* m3 each, made of
stainless steel AISI316L and a thickness of 2 mm. The test barrier area (S) is 7.85-10-* m? and it
is surrounded by a flange with screws to seal the barrier sample, which is located between the
two containers. Each container has a couple of valves to attach the measuring instrument. The
radon source is a sealed static pitchblende stone with a 1.469 kBq activity, which is located at the
bottom of the source container.

The measuring devices that monitor radon activity are two continuous detectors (DURRIDGE
RAD7), which have a maximum standard relative uncertainty of 10% and can measure the
temperature and relative humidity of the air flowing into the detector. To keep a low relative
humidity, a DURRIDGE DRYSTIK 144-ADS-3R unit is connected between the source chamber
and the air inlet to one RAD7, while a desiccant unit with drierite is connected between the
receiver chamber and the air inlet to the second RAD7. The tubes connecting the different devices
are made of vinyl and have a thickness of 1.41 mm for the thin tubes and 1.82 mm for the thick
ones. A closed-loop is maintained as the air that is removed from the container for radon



concentration analysis is returned to the container. Figure 1 shows a diagram and a picture of the
experimental system set-up.
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Figure 1. Experimental system set-up.

The RADY7 uses a solid-state alpha detector, which consists of a semiconductor material (silicon)
capable of converting alpha radiation into an electrical signal. It registers the alpha spectrum of
entering air and counts the alpha particles emitted by polonium-218 and polonium-214 (energy
levels of 6.00 and 7.69 MeV). Via the pump contained in the monitor, the extracted air samples
are drawn through a filter that does not allow the entry of radon progeny. Radon disintegrates
inside the chamber as alpha particles are captured by the detector. The RAD7 provides the radon
concentration in Bg/m3 for each time interval that has been configured.

2.2. Diffusion coefficient calculation

The samples (tested material) are circular shaped with a diameter of 1.5-10-' m, equivalent to that
of the chamber plus the flange, with 6 holes on the outside that match the screws for a better fit.
Before the test, the thickness of each sample is measured with a micrometre (model 3006 from
Baxlo Precision).



Figure 2. Radon accumulation containers

Then, the sample is placed between the source and receiver containers and the system is sealed
with an O-ring joint and screws. The radon concentration in both the source and receiver container
is registered at time intervals of 30 minutes during 48 hours.

Although the measurement method is based on the ISO/TS 11665-13:2017 norm, some
variations have been made:

- The radon source is placed inside the source container instead of using an external radon
source and recirculating air with a high radon concentration back to the source container.
This results in a much faster achievement of the steady-state.

- Since a stable high radon concentration is achieved much earlier, the measurement time
can be reduced to 48 h, which makes it possible to test different samples faster.

- The measurement takes place simultaneously in the source and receiver containers from
the beginning, but the data from the last 24 hours (corresponding to the steady-state) are
taken for the calculation of the radon diffusion coefficient because the minimum radon
concentration in the source chamber required by the norm (between 300 and 500 kBg/m?3)
has already been reached.

When the whole test is finished, both chambers are flushed, both RAD7 are purged and the tested
material is placed after 15 minutes in a gamma spectrometry system with a Nal detector to
determine if the material has adsorbed radon. The efficiency of the detector is 12.53%, the
measurement time is 600 seconds and once the spectrum is displayed, two regions of interest
(ROI) are selected corresponding to bismuth-214 and lead-214 peaks. The counts (cps) that are
recorded under the areas of the two ROls are registered.

With the recorded data, the diffusion coefficient is calculated following the procedure explained in
Annex A.5 “Expression of results” of the ISO/TS 11665-13:2017 norm (International
Standardization Organization (ISO), 2017), which is summarised in Figure 3.
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The average concentration, Csc, is calculated from the source container data of the last 24 hours
(Bag/m3) and the coefficient of variation, C.., calculated as the standard deviation of the data from
the last 24 hours of the source chamber divided by Csc (%). As the norm states: “the radon activity
concentration in the source container shall be in the steady-state (the coefficient of variation for
the data recorded during the last 24 h shall be lower than 10%), and at the same time it shall be
higher than the minimum radon activity concentration”. By fitting the data from the receiver
container to a straight line, the slope, p, (Bg/m3s) and the correlation coefficient (R?) are
calculated, considering that the slope must be significantly greater than zero and R? greater than
0.9. The next step is to calculate the diffusive radon exhalation (Bq/m2s), E, following the equation

(1),

©l|<

E=p- (1)
where V is the volume of the chamber (m3) and S the test barrier area (m?). With that calculated
value and assuming a value for the radon diffusion length, /, (m), through an iterative process with
the equation (2) the actual value of /is calculated.
2:Csc-l-A

E = aneman 2)
Where A is the decay constant of radon (2.11-10¢ s-') and d is the thickness of the barrier (m).
Finally, the diffusion coefficient, D, (m?/s) is obtained with equation (3):

D=21-1I2 @)
2.3. Radon leakage test

A radon leakage test has been performed at the beginning of the tests to ensure that the
measuring system is airtight. For this purpose, the receiver chamber is sealed underneath (where
the sample would be) with a 2 mm thick stainless steel sheet after being filled with a radon
concentration of 170 kBg/m3. The decrease in radon concentration in the receiver container is
recorded with the RAD7 and fits an exponential curve:

y = et (4)



where A is the radon leakage rate (s*') and A is the radon decay constant (s™'). According to the
ISO/TS 11665-13:2017 norm, if the radon leakage rate is lower than half the radon decay
constant, the experimental set-up is appropriate for radon diffusion test measurement.

2.4. Radon barrier samples

The materials tested are polymeric (LDPE, PP, PVC, PS and PMMA) and composite (Sisalex®
871 [consisting of two layers of PE film, a polyester fibre inlay and a 0.02 mm thick aluminium
layer]). Since the manufacturer indicates the value of the diffusion coefficient for the Sisalex
membrane, this sample has been used as a control. LDPE, PP and PVC are polymeric materials
widely studied and whose diffusion coefficient is measured in multiple works (see Section 3 —
results), so these materials also help to validate the methodology comparing our results with those
already published. Nevertheless, PS and PMMA are polymeric materials not studied, so their
diffusion coefficient is unknown. However, this work demonstrates that these materials could also
be suitable for manufacturing radon barriers.

Figure 4. Radon barrier samples: a) Sisalex, b) LDPE, c) PP, d) PS, e) PVC, f) PMMA

For each material, the measurement of the diffusion coefficient has been done twice, so the
graphs and calculations have been made for the average of the data from both measurements.

3. Results
3.1 Radon leakage test

Before starting the experiments, the radon leakage test was carried out as described in section
2.3., and the data is shown in Figure 5.
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Figure 5. Radon leakage test performed in the receiver container

The solid curve represents the decrease in radon concentration if only radon decay exists, while
the dotted curve shows the data collected in the receiver chamber with the RAD7. The dotted line
represents the fit of the experimental data to an exponential curve. The difference between the
decay curve and the one fitted from the experimental data is due to leakage, and it is possible to
know its value as described in equation (4) from the time exponential (0.011 h-"). Knowing that
the radon decay constant is 0.0076 h-', the leakage is 0.0034 h-', which is lower than half the
radon decay constant. Therefore, it can be considered that the leakage is negligible and can be
assumed in the diffusion coefficient estimation tests carried out in this work.

3.2 Radon diffusion coefficient test

The RADY registers continuously the air temperature offering a mean airstream temperature of
17.20°C with a variation of 1.55°C during the tests conducted at the laboratory between December
2020 and February 2021. The mean radon concentration of two measurements registered during
the tests through both RAD7 is presented in Figure 6.
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Figure 6. Radon concentration in the source chamber (solid line) and the receiver chamber (dashed line). The materials
tested are A) PP, B) PVC, C) PMMA, D) Sisalex, E) LDPE and F) PS

Figure 6 shows the evolution of the radon concentration in both the source chamber and the
receiver chamber over the test time. Since the concentration in the receiver chamber is much
lower, the values should be read on the right y-axis. The radon concentration in the source
chamber is between 800 and 1300 kBg/m? at the end of the experiment, while the concentration
in the receiver chamber does not exceed 2 kBg/m3 (being in most cases around 100 Bg/m3). It is
observed that for Sisalex (D), LDPE (E) and PS (F) radon continues to accumulate in the receiver
chamber and the curve increases throughout the test time, while for PP (A), PVC (B) and PMMA
(C) the radon concentration remains more or less constant from 50000 seconds onwards
(approximately 14 hours).

Using those concentrations (Csc) values and following the mathematical procedure explained in
section 2.2, the radon diffusion coefficient of each material is calculated. These results are shown
in Table 1.

Table 1. Values of the parameters calculated to obtain the radon diffusion coefficient of each material tested.

Material Csc (kBg/m?3) Cvar (%) p (Bg/md3s) R? d (mm) | (mm) D (m%s)
A) PP 877.11+41.82 4.77 2.354-10% 1.651-103 0.54+£0.005 0.144 4.35+0.53 10"
B) PVC 963.03+66.45 6.90 1.043-10°% 2.827-10* 0.50+0.000 0.130 3.55+0.43 10"
C) PMMA 819.72+44 .34 5.41 1.225-10% 8.929-10* 2.15+0.013 0.440 4.07 £0.49 1018
D) Sisalex 900.38+65.28 7.25 8.789-103 0.9787 0.53+0.005 0.544 6.21 +£0.75 1013
E) LDPE 1160.41+115.86 9.98 7.372:103 0.9436 1.18 £0.009 0.739 1.15+0.14 1012
F) PS 940.23+70.20 7.47 1.647-10°3 0.7969 1.16£0.029 0.486  4.96 + 0.60 1013

The Csc values are above the minimum concentration value required by the ISO norm, which for
the materials and thicknesses tested would be between 300 and 500 kBg/m?, and the C,.r values
are all below 10%, so the steady-state conditions required by the ISO norm are met.



Comparing the graphs in Figure 6 with the numerical results, it can be seen that there are two
groups of materials: there is one group where p is higher because radon concentration increases
over time and, consequently, the RZ? fit is better, having values of the diffusion coefficients
medium-high (materials D, E and F); while there is another group in which the data from the
receiver container do not follow a linear trend, and for them, the p is lower, the linear fit (R?) is not
adequate for the experimental data obtained and the diffusion coefficients are low for A and B,
being medium for C. In addition, the low radon concentrations in the receiver chamber show a
large oscillation, which has an impact on the low R? values.

Regarding the radon diffusion length (/), this is the distance that radon travels due to diffusion
when decay occurs e times; ideally, this distance should not exceed the thickness of the barrier,
as radon would then disintegrate inside the barrier and would not pass through it. Comparing the
values of the thickness (d) and the radon diffusion length (/), it is observed that for all cases the
thickness is greater, which causes the radon to decay within the material before passing through
it.

The diffusion coefficient value calculated for Sisalex (6.21 £ 0.75 -10-' m?/s) can be compared
with the value provided by the manufacturer (1.4 -10-'3 m?/s) and it can be seen that they are in
accordance with a variation of 77.4%.

Table 2 also shows the percentage reduction in radon concentration obtained from the application
of the materials. The radon reduction is calculated as follows:

Reduction (%) = %- 100 (5)

where Csc is the mean radon concentration in the source chamber of the last 24 hours and Crc
is the mean radon concentration in the receiver chamber in the last 24 hours, both measured in
Bg/m3. In all cases, a reduction of more than 99% is achieved, demonstrating the effectiveness
of using radon barriers exposed to elevated concentrations of radon.

Table 2. Radon reduction for each barrier studied

Material Csc (Bg/m®) Crc (Bg/m?®) Reduction (%)
PP 877107.14+41818.79 92.84+12.79 99.99+0.0015
PVC 963026.32+66447.19 114.68+12.41 99.99+0.0015
PMMA 819718.75+44342.95 67.27+10.33 99.99+0.0013
Sisalex 900375.001£65278.50 1575.50+223.87 99.83+0.0127
LDPE 1160409.09+115862.60 813.49+175.48 99.93+0.0084
PS 940229.17+70203.80 291.26+46.50 99.97+0.0031

3.3 Comparison of radon diffusion coefficients

The diffusion coefficient of a wide range of polymeric materials has been measured in different
studies under different experimental conditions. Table 3 shows the radon diffusion coefficient
measured in other research for the most common plastics, i.e., high density (HD), low density
(LD) and very low density (VLD) PE, PP and PVC as well as the values obtained in this work to
compare them. In some cases, if stated, the thickness of the membrane is also shown.

Table 3. Radon diffusion coefficients for some common materials used as a radon barrier.

Material  Radon diffusion coefficient, D (m?/s)  Thickness (mm) Reference
HDPE 6.2-10"2 (Jiranek and Hilka, 2001)
7.43-10"? 0.330 (Singh et al., 2005)
5.8:1012 (Jirének et al., 2008)
1012 (Jiranek and Kotrbata,
6.1-10 2011)
(4.24 £ 0.16)-10-12 (Papp and Cosma, 2015)
1.62:10-12 (Georgiev et al., 2019)
LDPE 1.64-10""" 0.152 (Daoud and Renken, 2001)

1.24-10" (Jiranek and Hilka, 2001)



(1.8-3.3)-10"" 0.025—0.187 (Singh et al., 2005)

1.9:10°" (Jirének et al., 2008)
1011 (Jiranek and Kotrbata,
1.8:10 2011)
1010 (Kumar and Chauhan,
1.93-10 2014)
(6.47 £0.17)-10°12 (Papp and Cosma, 2015)
3.07-10"2 (Georgiev et al., 2019)
1.15+0.14 102 1.18 This work
VLDPE (7.36 + 0.22)-10-12 (Papp and Cosma, 2015)
PP 2.7-1018 (Jiranek and Hilka, 2001)
(1.1-1.4)-10-" 0.030 - 0.055 (Singh et al., 2005)
1.0-10°" (Jiranek et al., 2008)
A2 (Jiranek and Kotrbata,
6.4-10 2011)
8.2:10™ (Georgiev et al., 2019)
4.35+0.53 10" 0.54 This work
PVC 5.0-10" (Jha et al., 1982)
5.8:10""3 .
6.1-10% (Hafez and Somogyi, 1986)
7.81-10"2 (Jiranek and Hulka, 2001)
1.5-10" 0.070 (Singh et al., 2005)
1.3-10°" (Jiranek et al., 2008)
Py (Jirdanek and Kotrbata,
1.8:10 2011)
3.55+£0.43 10" 0.50 This work
PS 4.96 + 0.60 -10°"3 1.160 This work
PMMA 4.07 £0.49 1013 2.150 This work

From the literature references on radon diffusion coefficients, PE is the most studied polymeric
material and a difference can be observed between the diffusion coefficient values for HDPE and
LDPE, being lower for HDPE, therefore being the better of the two. Comparing all the diffusion
coefficient values listed, the best materials are PP and PVC, having both radon diffusion
coefficients in the order of 10-14 m?/s.

The diffusion coefficient values obtained in this work are all between 10-'2 and 10-'* m?/s, which
is in accordance with the range of the literature. These are very good values according to (Jiranek
et al., 2008) and make the materials suitable for their use in preventing the flow of radon and
being used as a barrier in buildings.

The differences between the values are due to several reasons, among others, the test conditions,
the initial radon concentration and also the fact that the materials are not pure but contain different
additives, which can change over time both in composition and quantity due to changes in
production (Jiranek and Kotrbata, 2011). Therefore, as the diffusion coefficient values calculated
with the proposed method are comparable with those established in the literature, the
modifications applied to the ISO measurement method can be validated. Thus, the radon diffusion
coefficient calculated for PS and PMMA can be taken as a reference for future research, as it was
a previously unknown value.

3.4 Influence of chemical composition and thickness on radon diffusion

Radon adsorbed on the barrier materials after the tests has also been measured, the net counts
(cps) of gamma radon peaks obtained with the gamma spectrometer are shown in Table 4, where
other parameters of the samples such as the chemical composition are also presented.

Table 4. Parameters of the samples studied

Material Counts (cps) Thickness (mm) Chemical composition
Sisalex 27657 0.53 PE — glass fiber — Al — PE
LDPE 445+6.0 1.18 — (CaHa)n —

PP 30.4 +6.6 0.54 — (CsHs)n —



PS 359+73 1.16 — (CsHs)n —
PvC 30.2+8.7 0.50 — (C2HsCl)n -
PMMA 24.6 +8.0 2.15 — (CsHsO2)n —

As can be seen in Table 4, all materials adsorb radon during exposure as the counts per second
recorded vary between 24.6 and 44.5 cps. Sisalex, PP and PVC have a very similar number of
counts (between 27.6 and 30.4) and also have a comparable thickness (between 0.5 and 0.54
mm), while PS and PE, which have a higher thickness (between 1.16 and 1.18 mm) and have
higher counts (between 35.9 and 44.5). Therefore, the relationship between the counts adsorbed
during radon exposure and the thickness of the membrane has been analysed and a positive
trend is observed so the thicker the material, the more counts are adsorbed for all materials tested
except for PMMA, as it is shown in Figure 7. In the case of PMMA, counts are very low (24.6 cps)
even if the thickness of the material is the highest. PMMA has in its composition oxygen and
according to (Gong et al., 2020), radon forms weak interactions with functional groups containing
oxygen so radon tends to move away from these surfaces. This may explain why the counts are
so low despite the high thickness of the material.
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Figure 7. Radon adsorbed by each material compared to its thickness
4. Conclusions

Two main modifications have been made to the experimental methodology compared to the
ISO/TS 11665-13:2017 norm: the introduction of the radon source inside the source container
and the reduction of the measurement time to 48 hours. Having the radon source inside the
chamber allows the radon to accumulate inside the chamber much faster and the steady-state of
the radon concentration in the source chamber to be reached earlier, allowing the reduction of
the measurement time mentioned above.

The measurement of the radon diffusion coefficient of different polymeric materials (LDPE, PP,
and PVC), as well as a commercial anti-radon membrane, and its comparison with the values of
the studies of other authors and the manufacturer allows validating the developed methodology
since the diffusion coefficients provided are comparable with those of the literature.

The diffusion coefficients of PS and PMMA, non-published polymeric materials, indicate that both
materials are suitable to be used as radon barriers.



Among all the materials studied, some behave as a filter reducing the radon concentration but
allowing the gas to pass through the membrane (Sisalex, PE and PS), while other materials act
as a barrier and stabilise the radon concentration detected on the other side of the material around
very low values (PP, PVC and PMMA). In all cases, the reduction of radon concentration is above
99% for radon concentrations higher than 800 kBg/m?.

The thickness of the barriers affects the radon adsorption. Via the counts recorded in a gamma
spectrometer with a Nal detector, the amount of radon adsorbed by the material is determined
and a positive relationship is found with the thickness, i.e., as the thickness increases, radon
adsorption increases. A thickness of 0.5 mm is enough to ensure that the radon concentration
has decreased by e times, that is, by a little more than half.

The chemical composition of the materials influences their ability to adsorb radon passing through
them so that oxygen functional groups cause radon to create weaker bonds and try to stay away
from these surfaces.

Continuing with this line of research and knowing that polymeric materials can be used as radon
barriers, which in many countries are the prevention method established for new buildings, it is
intended to study the mechanical and ageing resistance of these materials and, eventually, to
study how the radon diffusion coefficient is affected by combining several of these materials in
layers.
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