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ABSTRACT

The salt that appears with dampness is the reason why many non-invasive dampness detection methods are
ineffective. This requires resorting to invasive methods, which naturally limits the possibilities of performing
building diagnostics. The results from these methods are often not available at the time of testing, as they require
specialist laboratory tests. Combining the conductometric detection method with the chilled mirror psychrometer
would allow for obtaining qualitative data on the state of dampness. These results would be available at the test-
ing site during the inspection of the building. This would provide valuable data for diagnostics, as well as allow
for better optimization of other tests in the form of more optimal selection of samples for testing using other
research methods. The obtained mutual correlation of both methods at different levels of dampness is a justifica-

tion for further research.
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INTRODUCTION

Commonly used building materials, especial-
ly ceramic materials, are susceptible to moisture.
One of the most important causes of this phenom-
enon is their internal porosity. Without porosity,
moisture cannot occur, because water migrates
within it. For this reason, it should be discussed
at the beginning. The term porosity refers to the
occurrence of voids within a solid body. If these
pores are connected to each other, creating pneu-
matic contact, such a building material is called
a capillary-porous body. These bodies can be
described according to Pogorzelski [1] with the
following parameters: a) total pore volume; b)
structure of porosity, defining its distribution de-
pending on diameter; c) specific surface area of
pores and capillaries.

When describing porosity, the size of pores is
equally important according to Charola [2] which
can be divided into: a) micropores (2 < 0.1 pm);

b) mesopores (2 0.1 pm < 1000 pm); c) macrop-
ores (2 > 1000 pum).

These values are not specified and there are
significant differences in the precipitates among
different authors. There are also significant differ-
ences in the precipitates in soil science, and for
example according to Tyszkiewicz [3] they are as
follows: a) micropores (@ < 0.5 pm); b) mesopores
(2 0.5 pm < 10 um); ¢) macropores (2 > 10 um).

Water in building materials occurs in various
forms. The most strongly bound is chemically
bound water, also known as constitutive or crys-
talline water. This is water built into the crystal
structure of some minerals. The most well-known
example of such water is the water contained
in gypsum, which is hydrated calcium sulphate
CaSO,-2H,0. Hydrated minerals (not only gyp-
sum) also occur in ordinary and cellular concrete.
This water is strongly bound and can be separated
by calcination at a sufficiently high temperature.
The EN ISO 16682:2017 [4] standard provides a
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temperature range of 170-200 °C for most min-
erals containing water of crystallization, although
for masonry structures this range is from 500 to
1000 °C. These values are different because the
dehydration temperature is a variable value and
depends on the specific mineral. A special exam-
ple is the aforementioned gypsum, which, heat-
ed at a temperature of 128 °C, gradually changes
into hemihydrate gypsum (CaSO,-0.5 H,0), to
pure anhydrite (CaSO,) at 163 °C [5]. Neverthe-
less, these minerals may show instability. For this
reason, so that the presence of this water does
not affect the result of the gravimetric test, it is
recommended to reduce the heating temperature
to 50 °C for plasters in the ISO 16682:2017 [4]
standard. In the case of gypsum, the temperature
recommended in the EN ISO 12570:2002 [6]
standard is 40 °C.

Another type of water is sorption moisture,
also known as hygroscopic water [3]. This is wa-
ter vapor coming from the air and bound phys-
icochemically by van der Waals forces [7]. A
distinction is made between surface sorption (ad-
sorption) and deep sorption (absorption) on the
internal surface of porosity. This water does not
have the ability to dissolve salts, does not conduct
electricity, because it does not occur in the form
of a liquid. This type of moisture occurs only and
exclusively on the surface of hydrophilic materi-
als. In the case of this type of moisture, the devel-
oped internal surface is a factor contributing to its
formation [2]. An additional factor increasing this
type of moisture is salinity. In particular, nitrates
such as sodium nitrate (NaNO,) or calcium nitrate
(Ca(NO,),) exhibit high sorption properties [8].

In conditions of relative air humidity up to
15%, sorption moisture creates a monomolecu-
lar layer of water particles on the surface [9]. In
the range of 15-80%, a multimolecular layer of
water particles is created on the surface [9]. At
relative air humidity above 50%, capillary con-
densation already occurs [9]. The significance of
capillary condensation depends on the porosity
distribution [10]. This phenomenon consists in
the maintenance of liquid water and is caused by
the occurrence of water in the form of concave
meniscuses. Due to them, a local increase in the
dew point occurs at the contact with the adjacent
air and it is possible to maintain water in the lig-
uid state without exceeding the dew point [2, 10,
11]. This type of water can be tested by the oven
method (Darr method) using the procedure de-
scribed in EN ISO 12570:2002 [6]. This moisture
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is characterized by high variability depending on
the type of building material.

For example, for ordinary concretes, mass
moisture values reach up to 3%, while for wood
and lignocellulosic materials even over 20% [1].
In the case of ceramic building materials, the
maximum values of this type of moisture are
assumed not to exceed 3% [12]. However, these
are very approximate values. In order to correctly
determine sorption properties or interpret gravi-
metric data, sorption absorption tests should be
performed in several ranges of relative air hu-
midity in order to obtain a sorption curve accord-
ing to EN ISO 12571:2013 [13]. Alternatively,
a simplified test according to ONORM B 3355:
2017 03 01 [12] can be performed in conditions
of relative humidity of 85%. However, when
performing this test at higher levels of relative
humidity, the dynamic nature of capillary con-
densation, which causes a lack of mass stabili-
zation, should be taken into account. Salinity is
also a factor that increases the level of sorption.
Some types of salts exhibit strong hygroscopic
properties leading to the formation of saturated
solutions of these salts. Depending on the tem-
perature, liquid water may remain even when the
relative dew point is not exceeded. For example,
for sodium chloride, this happens already at RH
from 75-76% and in the temperature range of
0-85 °C [14]. Even at this value of relative hu-
midity, a significant increase in the value of hu-
midity for this salt is observed. This also applies
to other salts in other RH% ranges [15]. Despite
the occurrence of saturated solutions of salts in
equilibrium with air, this type of humidity is still
treated as hygroscopic water in construction.

Another type of water that occurs is capillary
water. This type of water is already in the lig-
uid state, which means that it has the ability to
dissolve salts and conduct electricity. The pres-
ence of this water already affects the deteriora-
tion of the insulating properties of the partition.
This water is physically and mechanically bound
to the building material [1]. Due to the forces
of surface tension, in direct contact with water,
water is pulled up within the capillary-pore body
with pore diameters in the range of 200-10.000
nm [3].The capillary movement that appears as a
result of the above forces causes water to move
in all directions within the partition, striving to
equalize the suction potential of water within
it. Salt ions accompanying the water move in
this way. Another type of water that can occur
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is gravitational water, also called free water. It
remains in pores above 10.000 nm. The capillary
forces occurring at these pore diameters are not
able to hold water on their own, which gradually
flows down due to gravity. This type of water is
not described in many publications on construc-
tion. Hence the need to use definitions used in
soil science [3]. This water can appear on build-
ings in the event of technical failures, pressure, or
flooding. This water, together with capillary wa-
ter, is detected by gravimetric methods described
in the standards [4, 6, 12, 16], in order to separate
them, they require determining the maximum hy-
groscopic level in order to interpret the obtained
results. The moisture testing methods described
so far, which were directly or indirectly based on
heating. A method that does not require heating
is the carbide method. The essence of this meth-
od is the reaction of calcium carbide (CaC,) with
water. As a result, calcium hydroxide (Ca(OH),)
and acetylene (C,H,) are produced. The entire
process takes place in a sealed container and the
generated acetylene contributes to the increase in
pressure. The amount of moisture is read using a
calibrated pressure gauge.

One of the physical quantities characterizing
the moisture content of porous media is water
potential which has been used in soil science for
many years. This value is described using the pF
index. Initially, the creator of this term, Schofield
[17], defined it as: suction in pF = log10 (in cen-
timetres of water). However, the contemporary
meaning of this term has changed and the soil
water potential is used [18] and is expressed in
units of pF + log h (cm H,O). This is the dec-
imal logarithm of the height of the water col-
umn h (cm), the pressure of which corresponds
to the soil suction force. This force can also be
expressed in pressure units, e.g. MPa, atm [19].
The sorption force of a porous building material
or the soil is a component of a number of different
forces and they are different depending on the de-
gree of moisture [18]. It consists of: (1) the force
of gravity and is the only force that has a specific
direction, in this case vertical. In relation to the
other forces, it represents small values of the or-
der of maximum 0.01 MPa and can be the dom-
inant force for water filling pores of 10.000 nm
and larger. It also occurs in smaller pores, but it is
not of significant importance, because its effect is
masked by the matric force, which is related to the
porosity itself. (2) The matric force also occurs
in pores above 10.000 nm and contributes to the

temporary delay of water settling, as well as the
slower flow of water under pressure through the
porous medium. This force has a dominant effect
for water in the hygroscopic range filling pores
smaller than 100—200 nm. It is thanks to this force
that capillary absorption is possible in all direc-
tions, including upwards. Another element of the
sorption force is (3) the osmotic force (osmotic
potential). Its existence requires the presence of
liquid water with dissolved ions and depends
solely on the concentration of water-soluble sub-
stances. The concentration of these substances is
responsible for the development of osmotic pres-
sure. The sorption force also includes (4) pressure
potential energy. This force can be divided into
atmospheric pressure potential and hydrostatic
pressure potential. These forces occur in unsatu-
rated and saturated conditions, respectively [20].

Knowing the matric strength of a given hy-
drophilic material, it is possible to determine its
moisture content. In the range from pF 0 to pF
2.54, free water occurs [21], although values of
pF 0 to pF 2 are also found [3]. The upper lim-
it of the presence of capillary water occurs up to
pF 4.5, above which water is already in a hygro-
scopic state [3, 21]. Standardly in soil science, the
obtained results of the suction force are compared
with volumetric moisture and presented graphi-
cally in the form of a pF curve. By comparing in-
dividual curves, it is possible to calculate individ-
ual types of porosity and thus also water retention
or the effect of salinity [22]. To determine such a
curve, data on both sorption force and water con-
tent are needed in various moisture ranges in the
range of 0 to 7 pF [3]. There is no single universal
method that provides such a wide range of testing
and at the same time presents appropriate accu-
racy. Hence the need to use several methods, the
description of which, together with the scope of
their application, is provided below [19].

One of the methods of determining the pF
value is the (1) sandbox method. The method
is based on the suction force of the substrate on
which the sample of the tested material rests. In
the case of using a material with a sand fraction,
results can be obtained in the range of 0 to 2 pF.
When using kaolin, it is possible to test the sorp-
tion force in conditions from 2 to 2.7 pF [23]. This
method allows for testing only the matric force.

Another way of testing the matric force is the
(2) contact filter paper method. This, one of the
oldest research methods, is based on the hygro-
scopic properties of paper. Two papers closed in a
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tight container with a sample are used for testing.
One of them is in contact with the sample and the
other only with the air in the sample. In controlled
conditions at a constant temperature, the moisture
level of both paper filters is determined over a pe-
riod of about a week. Then, the moisture level of
both filters is tested using the gravimetric method
and the matric force is calculated using the ap-
propriate formulas [24]. This method allows for
testing the sorption force in a very wide range,
even up to pF 7 [25]. This method cannot be used
for sorption forces below 2.5 pF [24].

Another method for determining the matric
force is (3) tensiometer measurement. This meth-
od involves measuring the suction force (pressure)
of the tested material in contact with water. The
measuring solution is located in a container made
of porous ceramic material and thus has hydraulic
contact with the tested material. The suction force
of the tested material causes the formation of a
measurable negative pressure, which is measured
using a barometer located in the container. This
method allows for measurement up to 100 kPa
using water [25]. One of the variations of this
test is (full range tensiometer/High-capacity ten-
siometer), where the measuring solution is water
with polymer. Changing the solution allows to in-
crease the measuring range to 1500 kPa [25]. The
membrane method is another method for testing
water sorption forces. The device is structurally
very similar to the dust block, although the idea
of this method is more similar to the full range
tensiometer/High-capacity tensiometer. The de-
vice operates on the suction force of a material
with microscopic pores in contact with the tested
material. However, the measurement takes place
in an environment with increased pressure. When
the sample in the pressure chamber is exposed to
increased pressure, the water in the sample pene-
trates the membrane and is collected in a separate
tank. Due to hysteresis, the measurement lasts
until the conditions in the chamber stabilize, i.e.
until the water stops flowing into the control tank.
This method allows to obtain both the pF force
value and the moisture level. The usability of this
method is in the range of up to 1500 kPa [25, 26].

Another method possible to measure water
potential is the method (4) using the Peltier ther-
moelectric psychrometer. This method is based
on the assumption of the occurrence of equilib-
rium of relative humidity of the air in relation to
the water contained in the sample. After stabiliza-
tion of the conditions in a specific measurement
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environment, the relative humidity of the air is
measured using a thermojunction. The current
flowing in different directions cools or heats the
junction in order to determine the dew point. This
method allows to measure the matric force to-
gether with the osmotic force and gives satisfac-
tory results in the pressure range of 0.4 to 6 MPa
[27], although this method can be used to test the
range from 0.2 to 7 MPa [28].

Chilled mirror psychrometer (5) is another
method also based on measuring the relative hu-
midity of the air in equilibrium with the sample
[29, 30]. To speed up this process, a fan is placed
inside a sealed test chamber. In this chamber,
there is a mirror that reflects light from the diode
to the recorder. When condensation occurs on the
mirror, the light rays are interrupted. At this point,
the sample temperature is also accurately read us-
ing a pyrometer [31]. Then, using the formula, the
result is calculated:

RT = es(Ty)

Y=, e

where: e (7)) — saturation vapor pressure of the
air at dew point temperature; e () — satu-
ration vapor pressure at sample tempera-
ture; R — gas constant (8.31 J/mol-K);
T — sample temperature (K); M — molecu-
lar mass of water (18.01528 g/mol).

(1)

This type of measurement allows for measur-
ing in the range of 0-300 MPa. However, the ac-
curacy of = 0.05 MPa in the range of 0 to 5 MPa,
1% in the range of 5 to 300 MPa should be taken
into account. According to American standards,
this technique can be used for measurements in
the range of 0.5-100 MPa (ASTM D 6836 - 02).
This method allows for testing the sorption force,
which consists of the matric potential and the os-
motic potential. All the more so because the device
itself is calibrated on salt solutions (standard KCl,
but different ones are possible, such as NaCl, LiCl)
according to the manufacturer’s instructions. How-
ever, it is possible to separate the osmotic and mat-
ric potential. In soil science, the method of meas-
uring electrical conductivity is widely used [32].
For this purpose, the sample should be soaked to
saturation and then its electrical conductivity (EC)
should be measured using the formula Pos (Mpa)
=-0.036EC (ds/m). Then, from the ratio of water
content in the sample (W%) to the water content in
the saturated state (WS%), the osmotic force P =
Pos(W%/WS%) can be calculated.
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The aim of the study is to check the possi-
bility of detecting capillary moisture in building
materials using a combination of two measure-
ment methods: measuring the water potential
using the Chilled mirror hygrometer method in
combination with the conductivity method. Due
to the small size of the necessary measuring de-
vices, the proposed research methodology al-
lows for performing in-situ tests and obtaining
useful information on the existence of moisture
in the capillary state.

MATERIALS AND METHODS

Measuring setup

The sorption force tests were carried out us-
ing a Chilled mirror hygrometer according to
ASTM D 6836 — 02 using Metler’s WP4C (Fig-
ure 1). According to the manufacturer’s instruc-
tions, the tests were carried out in the mode that
allowed obtaining the most reliable data, i.e. in
the p mode. The device was calibrated using the
sets provided by the manufacturer.

Electrical conductivity tests were performed
using the conductometric method using a TDR
device with built-in conductometric detection.
The basic set consists of a FOM2 control unit
(E-Test, Lublin, Poland) and a measuring sen-
sor (Figure 2). For comparison purposes, several

LP-ms (laboratory probe) sensors were used, as
well as FP-mts (field probe) field probes. During
the tests, some of the probes were modified by
shortening their measuring elements. For com-
parison purposes, a Mettler Seven2Go S7 con-
ductivity meter was also used.

Sample preparation and test procedure

The research was divided into 2 stages. The
initial stage was used to learn the operating char-
acteristics of individual types of TDR probes, as
well as to compare them with devices determining
osmotic force. Aqueous salt solutions were used
for this purpose. The following salinity levels
(by mass) were used: 0.1%, 0.2%, 0.3%, 0.4%,
0.5%, 1%, 2%, 3%, 4%, 5%, 10%, 15%. In the
initial stage, the prepared solutions were parame-
terized directly in the vessels in which they were
prepared. Comparisons with a conductivity meter
were also carried out. Vessels with a capacity of
250 ml were used for these tests. The following
sensors were used for the tests: 6 (six) FP-mts
field probes, 2 pcs. LP-L, and 6 pcs. LP-S

The next stage included comparative studies
of modified TDR probes. For this purpose, the
FP (field probe) was shortened from its original
length of 9.7 cm to 1.7 cm (Figure 3). Compara-
tive studies were also carried out in a smaller ves-
sel, which was a modified syringe.

Figure 1. Device for testing the WP4C sorption strength, and containers with a capacity of up to
15 ml (with cap) for carrying out the test
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Figure 2. 250 ml vessel with TDR probes used in research, from left: FP-mts (field probe),
LP-ms (laboratory probe) 2 different types short (S) and long (L), FOM2 control unit

Figure 3. The 9.7 cm FP field probe compared with the shortened 1.7 cm version. Also visible is the container in
which the shortened version of the field probe (TDR FP ss) was tested, and the FOM2 control unit

RESULTS

Figure 4 presents the results of solution salinity
tests in the form of a comparison of the results ob-
tained from the TDR meter with the methods used
so far, i.e. conductometers.

The Mettler Seven2Go S7 device, shows an in-
crease and then a decrease up to a certain point. The
manufacturer of this device declares a useful test
range of 0-10 S/m, so it is not suitable for highly
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saline aqueous solutions. The WP4C is a different
story, measurements carried out in the device in the
MPa mode show values that increase with increas-
ing salinity. This relationship is confirmed by the
R? determination coefficient of 0.9862. Due to the
smaller range of read conductivity values obtained
using TDR probes with conductometric detection,
they were shown in a separate graph for better vis-
ualization (Figure 5). They clearly show the differ-
ences between the individual probe types.
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Figure 4. Results of electrical conductivity measurement S/m of aqueous solutions depending on
salt concentration. Mettler conductivity meter, WP4C (result shown in MPa), TDR with probes: field FP,
laboratory short (LP S), laboratory long (LP L)

The data from the results of electrical con-
ductivity measurements in different salinity envi-
ronments for individual probe types presented in
Figure 5 indicate significant differences between
them. Laboratory probes: both short (TDR LP S)
and long (TDR LP L) show lower values of the
determination coefficient R* compared to the field
probe (TDR FP).

Comparing the data of individual TDR probes
in relation to the osmotic force measurements

measured using WP4C (Figure 6), one can also
see a better match for the measurements made
with field soda (TDR FP), for which the coeffi-
cient of determination is 0.9167, while for the
laboratory probe it shows 0.696 and 0.6452 for
the long probe (TDR LP L) and the short probe
(TDR LP S), respectively.

The second series of tests included testing
with a modified probe (TDR FPss) in a large con-
tainer with a volume of 250 ml and a smaller one

2
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2 =
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5 q
— o ¢
.///
€ o O/////
Bl2 o
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80'8 /7 o ©Oo_ 0o 90—
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OTDRLPS
0
0.00% 5.00% 10.00% 15.00% 20.00%
Salinity [%]

Figure 5. Results of measurement of electrical conductivity S/m of aqueous solutions depending on
salt concentration. TDR probes: field FP average results from 6 probes, laboratory LP S average results
from 6 probes, laboratory LP L average results from 2 probes
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Figure 6. Relationship between the electrical conductivity readings (S/m) measured by TDR
and the osmotic force of the solution (MPa) tested by WP4C

of 10 ml. As can be seen in Figure 7, the shortened
probe shows a better fit coefficient in relation to
salinity than the previously presented unmodified
ones. The value of the coefficient of determina-
tion for the volume of 250 ml is 0.9067, while in
the case of tests in the environment and a smaller
volume of 10 ml it increases to 0.9168.

By comparing the electrical conductivity of
the tested shortened field probe with the osmotic
force (Figure 8) we obtain an even better fit for

250 ml and 10 ml. The coefficient of determina-
tion is 0.9736 and 0.9792, respectively.

DISCUSSION

The presented electrical conductivity meas-
urements with different TDR probes show that
there are significant differences between them.
The best adjustment to variable salinity conditions

1.2
q
o
y=0.2013In(x)+ 1.231 o
3 R? =0.9168
E-O-S V=0.1914In(x)+ 1.1688
> R? =0.9067
=
=
=
Q
3
ne)
f
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0
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Salinity [%]

Figure 7. Relationship between conductivity readings (S/m) and salinity (%) tested using
a shortened field probe. The study was conducted in 2 environments in volumes: 250 ml (FP ss) and 10 ml (FP sss)
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Figure 8. Relationship between electrical conductivity readings (S/m) measured by TDR and osmotic force of
solution (MPa) tested by WP4C. The study was conducted in 2 environments in volumes: 250 ml (FP ss)
and 10 ml (FP sss)

is shown by the TDR field probe. Laboratory TDR
probes show a worse adjustment. Additionally,
the shortened TDR field probe shows an improve-
ment in correlation, as evidenced by the increase
in the determination coefficient. For technical
reasons, it was not possible to check whether a
similar phenomenon would occur in the case of
TDR laboratory probes. This was caused by their
construction, or more precisely, their built-in tran-
sistor, which was not able to perform the meas-
urement after shortening. Additionally, the elec-
trodes of laboratory probes are characterized by
low stiffness, they are suitable for measurements
in solutions and soil, but they may not necessar-
ily be suitable for building materials. In the case
of the field probe, the mentioned electrodes are
characterized by much greater stiffness. As stud-
ies have shown, their shortened version tested
in a 250 ml environment shows a determination
coefficient value of 0.9736, while in a smaller
volume of 10 ml solution even 0.9792. The latter
environment is characterized not only by the best
correlation, it is also the sample volume used for
testing using WP4C. The estimated relationship
of this formula (Figure 9) in relation to the data
from WP4C is Y = 0.2739x + 0.2814 with a de-
termination coefficient of 0.9736. The presented
relationship confirms this possibility.

The demonstrated relationship between the
electrical conductivity of the short TDR field

probe and the sorption force (WP4C) demon-
strates the validity of a new approach to testing
moisture in the presence of salt. As practice shows,
most buildings, if not all, that exhibit moisture
of capillary origin experience salt accumulation
over time. This is due to salt concentration as a
result of water evaporation. The increased pres-
ence of salt also contributes to an increase in the
level of sorption moisture and creates problems
in detecting the level of moisture. Non-invasive
methods of detecting moisture based on detect-
ing electrical conductivity in the presence of
large amounts of salt fail. It is true that one can
try to correlate them [33], but this requires accu-
rate data on the level of salinity, which cannot be
obtained without taking samples and delivering
them to the laboratory. In conservation practice,
the results obtained using non-invasive methods
are not considered reliable [3, 34].

It is no wonder then that the gravimetric
method is still considered the only reference
method for determining the level of moisture in
building materials and structures. However, it is
not without its flaws. The obtained result is pre-
sented as a percentage loss of mass of the tested
material during the drying process. The forms of
water presence in building materials discussed at
the beginning indicate that the interpretation of
this percentage result is not so simple, because
apart from water in a capillary state, it could be
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Figure 9. Compatibility of the obtained correlation of the short TDR probe in the tested volume of 10 ml
in relation to WP4C

sorption moisture or crystalline water. Not to
mention that the measured mass loss during the
gravimetric test may also result from the evapo-
ration of petroleum substances used in construc-
tion. As a result of the factors mentioned earlier,
the tabulated degrees of wall moisture are formu-
lated in a very conservative manner, not taking
into account both the differences in the structure
and the level of salinity load (Table 1).

The issues described above should also be
applied to the moisture analyzer method, as it is
essentially its field variant, but based on a smaller
number of samples and a shorter testing time.

Attempts have been made to tabulate the
issue of the maximum level of sorption mois-
ture, e.g. EN ISO 12524:2003 [35]. However,
this standard, like many others, has been with-
drawn. Therefore, in order to correctly interpret
the result of a gravimetric test, it is necessary to
determine the actual level of sorption moisture.
The EN ISO 12571:2013 [13] standard serves
this purpose, but acting according to its guide-
lines, this process is long and can also be expen-
sive. For this reason, this standard is not used in
routine tests of existing objects. A certain solu-
tion that is more adapted to routine tests of this
type is the ONORM B 3355: 2017 03 01 [12]
standard, which allows for determining sorption
properties in one moisture environment, namely
85% RH. This is the limit value for determin-
ing the level of mycological threat, but it is still
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Table 1. Wall dampness levels used in Polish
construction literature, source: Monczynski [10]

Moisture | Mass moisture . e
Moisture classification
level u [%]
| 0+3 Wall with allowable moisture
1l 3+5 Wall with increased moisture
1 5+8 Moderately damp wall
v 8+12 Very damp wall
\% >12 Wet wall

not above which moisture occurs in the capillary
state, and it occurs only above the dew point, i.e.
at 100% RH. A certain explanation for the use
of these values is the hygroscopic properties of
salts, which can absorb water and become wet
at relative humidity significantly below 100%
RH, such as NaCl. As can be seen, the presented
methods of testing the moisture level do not pro-
vide the possibility of in situ unambiguous de-
termination of the presence of water in the capil-
lary state. The presented relationships between:
measurements of sorption force measured using
a mirror psychrometer and electrical conductiv-
ity using TDR probes, are an attempt to find a
new way of testing moisture in structures. The
new methodology derived from methods recog-
nized in soil science also allows the use of ter-
minology used in soil science. The terminology
used to determine moisture states also comes
from soil science and, according to the author,
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describes the levels of moisture in building ma-
terials very well. By using this terminology, it is
possible to clearly determine whether the tested
material contains liquid water or not.

CONCLUSIONS

The conducted studies indicate the useful-
ness of the method of testing moisture using a
mirror psychrometer with parallel measurements
of electrical conductivity. Electrical conductivity
measurements made using a TDR device with a
built-in function of testing electrical conductivity
can be carried out on various probes, but field
probes are the most suitable for this purpose.
This is due not only to their better correlation,
but also to their greater stiffness and the possi-
bility of shortening them. Shortening the probe
has a positive effect on improving the correla-
tion. The obtained correlation enables qualitative
determination of the presence of moisture in the
capillary state. Due to the speed of the test, which
takes several minutes, and its field nature, the in-
formation obtained as a result would be of signif-
icant importance for the process of field inspec-
tion of the tested object. The discussed correla-
tion may be the basis for developing a research
methodology for field detection of water if the
pF result indicates a result below pF 4.5, or elec-
trical conductivity is demonstrated if pF is above
4.5. The obtained results would be a valuable
tool during field work. They could be used to op-
timize the number of samples taken, thus speed-
ing up the duration of the inspection and reduc-
ing the amount of interference with the object.
There is also a chance for correlations that would
allow obtaining quantitative results. However, a
number of research works should be carried out
to demonstrate such a possibility. To carry them
out, samples with a known pF value (matrix) and
variable salinity would be necessary. This type of
test should be carried out on building materials.
The obtained results are an incentive for further
research, this time based on building materials.
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