
1 Introduction

Measuring transient moisture profiles is considered as
a common and effective tool for determination of the liquid
moisture diffusivity of porous building materials. In classical
experimental setups rod specimens that are water and vapor
proof insulated on all lateral sides (parallel to the direction of
moisture transport) are placed in either horizontal or vertical
position. Then, they are brought into contact with thewater by
one of their face sides. Beginning from this time, the moisture
contents are measured at different positions and time inter-
vals during the experiment, producing moisture content pro-
files versus time. Finally, the measured moisture profiles are
analyzed using the methods of inverse analysis, and the mois-
ture diffusivity vs. moisture content function is determined.

There are a variety of methods for determination of mois-
ture content. The most frequently used in building physics
are the �-ray attenuation technique [1–3] and the NMR
technique [4–5]. Other commonly used techniques include
the capacitance method [6], positron emission tomography
[7], neutron radiography [8] and the microwave method [9].
The TDR technique [10] originally used in soil science and
X-ray radiography, evolved from the well-known medical
technique [11-12] can also be applied to building materials.

In this paper, we use the capacitance method and the mi-
crowave impulse method to determine the moisture profiles
in porous building materials.

2 Materials and samples

Three typical building materials, namely cement paste,
ceramic brick and autoclaved aerated concrete, were tested.
The cement paste was prepared using Portland cement CEM
I 32.5 R (ENV 197-1) (Horní Srní, CZ) and water. The water
to cement ratio w � 0.3 was chosen in our experiments. The
bulk density of the cement paste was 1910 kgm�3. The ce-
ramic brick was produced by the brick kiln at Nebužely, CZ.
The bulk density of the ceramic brick was 1720 kgm�3. The
autoclaved aerated concrete (AAC) was produced by Ytong
(Laussig, Germany). Its bulk density was 650 kgm�3.

For the measurements of the moisture profiles we used the
following samples: 6 specimens 20×40×280–300 mm for
each measured material and each method. The samples were
insulated on all lateral sides by water- and vapor-proof plastic
foil. They were stored in laboratory conditions at a tempera-
ture of 25 °C and relative humidity of 50 %.
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Fig. 1: Block diagram of the capacitance device



3 Experimentals methods

3.1 Capacitance method
The capacitance device designed in [6] was used for the

measurements. A block diagram of the device is shown in
Fig. 1. The low-voltage supply drives an oscillator with a 400
kHz working frequency, which has constant output voltage
feeding a circuit where the measuring capacitor (with the ana-
lyzed sample as a dielectric) is connected in series with a resis-
tance. On this resistance, the voltage after rectifying is deter-
mined. This depends significantly on the moisture content of
the dielectric. The relation between the moisture content and
the voltage measured on the resistance can be determined by
a calibration. The measured voltage increases with increasing
capacity. Proper choice of the resistance can ensure that the
dependence of the measured voltage on the capacity is linear
in the range of approximately one or two orders of magnitude
of the capacity. The voltage is recorded at specified time inter-
vals by a data logger.

The described capacitance moisture meter was equipped
with electrodes in the form of parallel plates with dimensions
20×40 mm. Moisture meter readings along the rod specimen
were taken every 5 mm in order to achieve certain space aver-
aging of the results and reduce the effect of inhomogeneities
of the material.

The experimental setup is shown in Fig. 2. The specimen
is fixed in horizontal position in order to eliminate the effect
of gravity on the moisture transport. The lateral sides of the
specimen are water and vapor-proof insulated in order to
simulate 1-D water transport. A viscous sponge ensuring a
good contact of the surface of the specimen with the water is
put into a Perspex water-filling chamber and applied to one
face side of the specimen. The sponge sucks water from a free
surface, being about 1 cm below the lower side of the speci-
men. The water in the chamber is maintained on constant
level using a float. If the water level in the filling chamber de-
creases due to water suction by the specimen, the water level
in the float chamber decreases in the same way. The needle of
the float opens the hole in the cover of the float chamber and
water from a burette flows through the hole into the float

chamber until the needle closes the hole again due to the
increase in the water level. In this way, a continuous water sup-
ply to the measured specimen is achieved.

For a particular material, the calibration curve of the ca-
pacitance moisture meter is usually determined in advance
using the gravimetric method. In this case, we chose another
method. The calibration was done after the last moisture me-
ter reading, when the moisture penetration front was at about
one half of the length of the specimen, using this last reading
and the results of the standard gravimetric method measure-
ments after cutting the specimen into pieces 1 cm in width.
The final calibration curve for each material was constructed
using the data for 3–6 samples. In the regression analysis, a
logarithmic function was found as the best approximation
to the measured data. An example of the calibration curve is
presented in Fig. 3.

3.2 Microwave impulse method
The measuring system designed in [13] was used for the

experiments. It is relatively compact and consists of three
basic components (see Fig. 4), namely an impulse generator,
an applicator and a sampling oscilloscope.

The GPSI-1a generator (Radan, Ltd.) produces triangular
impulses 250 ps in width and with an amplitude of 2 V. The
apparatus consists of the impulse generator itself, its feed
circuits, controlling, auxiliary and protecting circuits. The
energy output is realized by three SMA coaxial connectors.
These signals make it possible to determine the reference and
measured position of the impulse and to synchronize the sam-
pling oscilloscope.

The applicator connected to the generator output ensures
the necessary exposure of both measured and reference speci-
mens. It consists of two pairs of transmitting and receiving
antennas formed by coaxial/waveguide reducers and horns.
The pairs of antennas are fixed parallel in separate holders
ensuring a defined position, and therefore also stability and
reproducibility of measurements. The specimens of the tested
materials are put into the applicator between the measuring
antennas. The sample thickness is limited mechanically to
about 100 mm. From the electric point of view it is limited by
the attenuation in the measured material and the sensitivity
of the oscilloscope. The dynamics of the signal is over 20 dB.

The Tektronix 7603 sampling oscilloscope analyses the
impulse signals. It has a 7T11A sampling sweep unit and two
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Fig. 2: Experimental setup of the capacitance method
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Fig. 3: Calibration curve of the capacitance method for cement
paste



7S11 sampling units with a S-4 sampling head. The time
resolution of the oscilloscope is about 10 ps, and the sensitiv-
ity is 2 mV. The frequency range is up to 14 GHz. The signal
from the oscilloscope display is recorded by a digital camera
and analyzed by a PC.

The experimental setup was very similar to that for the ca-
pacitance method. The details of the setup are shown in
Fig. 5. Scanning by the microwave impulse moisture meter
along the specimen was done every 10 mm.

Similarly as with the capacitance method, the calibration
curve was determined using the results of the last scan and the
data obtained by the standard gravimetric method after cut-
ting the specimen into pieces 10 mm in width. The calibration
curve was constructed as the dependence of the moisture

content on the permittivity of the measured material. The
permittivity of the material was calculated on the basis of mea-
suring the time difference � � �t t t21 2 1� � , where t2 is the
travel time of the impulse to pass the thickness of a measured
specimen and t1 is the respective travel time in the air (see
[13] for details of the calculation procedure). As in the case of
the capacitance method, here too a logarithmic function was
found to be the best approximation of the measured data. An
example of the calibration curve is shown in Fig. 6.

4 Experimental results and discussion
Fig. 7 presents typical moisture profiles in cement paste

specimens measured by the capacitance method and the mi-
crowave impulse method. A comparison of the two sets of
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Fig. 4: Block diagram of the microwave impulse method

Fig. 5: Experimental setup of the microwave impulse method
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Fig. 6: Calibration curve of the microwave impulse method for
cement paste



curves shows three basic features. First, the agreement of the
results obtained by the two methods is reasonably good for
longer times, but for short times from the beginning of the ex-
periment it is less good. Second, the agreement is better for
high moisture content than in the low moisture range. Third,
the data scattering seems to be higher for the microwave im-
pulse method than for the capacitance method.

However, an exact direct comparison of the measured
moisture profiles is difficult in general. Due to the characteris-
tic features of each technique, the experimental data may be
obtained for different positions and different time steps.

Therefore, making an exact comparison of a profile at a cer-
tain time step would only be possible by an interpolation in
the time domain. To overcome this problem the Boltzmann
transformation was applied to the experimental data. For
each technique the obtained moisture content versus distance
profiles was replotted as a moisture content versus � profile,
with

� �
�xt 1 2.

If the Boltzmann conditions are fulfilled (a constant
boundary condition applied to a semi-infinite homogeneous
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Fig. 7: Typical moisture profiles in cement paste specimens measured by a) the capacitance method, b) the microwave impulse method



medium that is initially at a uniform moisture content), all the
measured moisture profiles should fall on a single �-profile.

Figures 8–10 compare the Boltzmann transformed exper-
imental data of the capacitance method, the microwave im-
pulse method and the gravimetric method for all three mate-
rials. In all cases, the Boltzmann transformation seems to
hold very well. However, a systematic difference between the
capacitance method and the microwave impulse method in
comparison to the gravimetric technique can be observed.

The capacitance method shows a better agreement with the
gravimetric method for lower values of moisture content,
where the samples are almost dry (naturally wet). On the
other hand, the microwave impulse method gives results
closer to the gravimetric measurements in the range of high-
est moisture content.

The reasons for these differences lie in the physical back-
ground of the two methods. The accuracy of the capacitance
method depends mainly on achieving an ideal contact of the
sample surface with the probe, because any appearance of air
bubbles on the surface can damage the accuracy substantially
(two capacitors in series, one of them with very low permit-
tivity of the dielectric). Once a good contact is achieved, the
accuracy of the method depends just on the accuracy of volt-
age measurement, which is only seldom a limiting factor.
Therefore, the accuracy should be comparable for both high
and low moisture content.

The microwave impulse method in the presented setup
is a transmission-based technique. Its accuracy depends
mainly on the precision of measuring the time difference
� � �t t t21 2 1� � (see above). The permittivity of bound water,
which prevails in the material in the range of low moisture
content, is about 20 times lower than the permittivity of free
water. Therefore, for low moisture content the time difference
is much lower than for high moisture content, and the sensi-
tivity and accuracy of the method is also substantially lower.

5 Conclusions

Both the capacitance method and the microwave impulse
method were shown to be well applicable for regular determi-
nation of moisture profiles in porous building materials.
However, taking into account the particular advantages of
each method, in order to achieve the highest possible ac-
curacy the capacitance method can be recommended for
measurements where lower moisture content is expected,
while the microwave impulse technique is better for higher
moisture content measurements.
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