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Abstract

The first part of this research focuses on characterising
the raw material to assess its suitability for production. The
second part explores the use of acoustic emission (AE) as a
method for monitoring crack formation during the drying
process. Numerous experiments are conducted on heavy clay
tile samples to identify acoustic emissions related to physi-
cal changes in the material during drying. The impulsive
nature of the expected acoustic events suggests broadband
excitation, while the wet clay itself strongly attenuates high-
er frequencies. As a result, the main energy is expected to
be concentrated in the lower part of the spectrum. The hy-
pothesis that acoustic events associated with the formation
of macro- and micro-cracks fall within the audio frequency
range is confirmed. As the brick and tile industry is energy-
intensive, this approach supports UN Goal 12 by promoting
responsible production and reducing drying scrap rate.

INTRODUCTION

The brick and tile industry is an energy demanding one.
Levi and Raut have conducted a life cycle assessment to
understand the environmental impact of the brick industry
in the West Godavari region of India. It was found that
embodied energy varied from 4.9 to 7.8 GJ/m?, depending
on the technology level status /1/. The drying and firing pro-
cesses are identified as the most intensive in this industry.
According to Felea et al., approximately 88 % of the total
energy consumption is thermal energy used in the drying
and firing processes, /2/. Monroy et al. estimated that the
consumption of thermal energy in brick manufacturing in
the metropolitan area of Cucuta, Colombia, is 998 MWh per
month. It is also stated that 35 % of all thermal energy is
used in the drying process, while the rest of the energy is
used in the firing process /3/. Capillary suction, diffusion,
and evaporative condensation mechanisms are primarily re-
sponsible for transporting liquid water and vapour from the
interior to the surface of green products during drying.
Besides, in the brick and tile industry, products shrink as
drying progresses, and the raw material does not consist of
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Izvod

Prvi deo istrazivanja je usmeren na karakterizaciji siro-
vine u cilju provere njene podobnosti za proizvodnju. U
drugom delu istraZivanja razmatra se upotreba akusticke
emisije (AE) kao metode za pracenje pojave pukotina tokom
susenja. Tokom istrazivanja obavljeni su brojni eksperi-
menti na vlaznim uzorcima crepa s ciljem identifikacije akus-
ticke emisije koja prati fizicke promene u materijalu tokom
procesa suSenja. Impulsna priroda ocekivanih akustickih
dogadaja sugerise Sirokopojasnu pobudu, dok sama viazna
glina kao materijal karakterise snazno priguSenje visih frek-
vencija usled cega se ocekuje dominantna energija u nizem
delu spektra. Postavijena hipoteza da ¢e akusticki dogadaji
koji nastaju usled makro i mikroprslina biti locirani u audio
opsegu je potvrdena. S obzirom na visoku energetsku zahtev-
nost industrije opeke i crepa, ovaj pristup doprinosi smanje-
nju Skarta i podrzava UN Cilj 12 - odgovornu potrosnju i
proizvodnju.

‘pure’ clay. Quartz, feldspar, hematite, carbonate (calcite and/
or dolomite), and clay minerals (kaolin, illite, montmorillo-
nite, and chlorite) are typically present in the raw material.
Listed clay minerals exhibit different drying behaviour. The
standard drying sensitivity techniques for comparison of
various raw materials are Bigoth, Ratzenberger, Piltz, and
Vasi¢ /4-7/. For example, kaolin clays are less sensitive,
while montmorillonite ones are swelling and problematic. It
is already clear that drying modelling of heavy clay prod-
ucts is not a simple task. Simultaneous heat and mass trans-
fer equations can be solved for different boundary condi-
tions at three modelling degrees (non-conjugated, semi-con-
jugated, and conjugated) based on the fact that the heat and
moisture transport coefficients are determined. The most
advanced review about the coupling level for novice and
advanced users is recently reported by Perré. 40 years of
modelling are expressed in the simple guideline for choos-
ing the best compromise between modelling effort and simu-
lation capabilities. Modelling can be conducted in one, two,
or three dimensions (1D, 2D, or 3D) and can involve one,
two, or three variables (such as moisture content, tempera-
ture, and pressure). If only moisture content is used, these
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models have a low physics level. Heat and mass coupling
do not exist except when the internal mass transfer is govern-
ing the process. Due to the chosen assumptions and used
boundary conditions, 2D and 3D modelling for such cases
is irrelevant and unnecessary. If moisture content and low
temperature are variables, coupling is included. 1D simula-
tion is fast. 2D modelling is recommended and can provide
good results. 3D modelling is accurate, but it is not practical
due to the unreasonable amount of time necessary for pro-
cessing and computing. Finally, if all the variables are used
and temperatures are high, the coupling is fully included. In
this case, 2D and 3D modelling is recommended for use
with complex product geometry, especially when anisotropic
products are dried or when the moisture content is used to
calculate the drying stress, /8/. The technological advances
in the brick and tile industry are commonly followed by
various patents and innovations that target reduced usage of
natural resources, energy savings, and climate neutrality.
Furthermore, the lack of scientific papers reporting such
technology transfer is evident. Researchers from the German
Brick and Tile Institute reported an extremely valuable soft-
ware, ‘ZitroGen’ which can be used for modelling the kinet-
ics and energetics of conventional drying, shrinking capillary
porous green slabs in counterflow. This model is a semi-
conjugated one. Modelling outputs are the evaporation rate,
time-dependent moisture, temperature, and shrinkage profiles
/9, 10/. Velthuis et al. developed specialised software,
‘Drysim’ that generates the most suitable industrial drying
driving kinetic curve for the tested raw material. This is an
upgraded Kitcher receding front semi-conjugated model in
which heat and mass transfer coefficients, as well as the
fast-drying rate, are experimentally determined on indus-
trial heavy green products, /11/.

Vasi¢ et al. have developed ‘Deff calculator’ software,
used for calculating moisture- or time-dependent effective
diffusivity curves under isothermal drying. This is a 2D low-
conjugated upgraded diffusional model. It is stated that all
internal possible mechanisms that can occur during drying
are unambiguously determined on those curves. This served
as the basis for modelling real semi-industrial and industrial
drying regimes. The drying regime is divided into five seg-
ments. Each segment duration is determined from the corre-
sponding isothermal Deff - MR curve /12-14/. The benefits
of such development have led the brick and tile industry to
relatively easily recognise and adopt well-known global UN
Sustainable Development Goals and the EU Circular Econ-
omy Action Plan /15, 16/ as necessary over the last two
decades. For example, over the last 20 years, the drying
time in this industry has been reduced from 42 hours to 21
hours. The most advanced technology now allows for the
commercial drying of some hollow clay products in 9 hours.
It is important to note that only several raw materials can be
used for such production. Acoustic emission (AE) represents
transient elastic radiation waves that occur when mechanical
energy is released out of the material as a result of the frac-
ture or plastic deformation caused by aging, temperature
gradient, or applied mechanical force /17/. For around half
a century, the wood industry has successfully used AE for
monitoring stress development during drying. Nasir et al.
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have recently reported the most complete critical review of
stated application in this industry /18/. In contrast to the
wood industry, the brick and tile industry has not yet adopted
AE as a monitoring tool. Additionally, there is a lack of such
research. Only a group of scientists from Poland led by J.
Kowalski has some experience on this topic. They have
isothermally dried pure kaolin clay in the form of a cylinder
at temperatures 45, 75, 85, 100, and 120 °C. As already
stated, such pure raw material will never be used in the
brick and tile industry. Additionally, used temperatures are
entirely unsuitable for drying applications in this industry
/19/. Nevertheless, the Polish research group is known for
its theoretical contribution to drying science. Its mechanistic
drying model is outstanding. It provides them with the oppor-
tunity to analyse the drying-induced stress and estimate the
cracking spot within the drying material /20, 21/. Addition-
ally, they compared mechanistic model predictions with AE
to control the drying process /22, 23/. The use of inexpen-
sive piezoelectric sensors, combined with sound card-based
logging devices, for registering AE during the drying of
heavy clay products would be a promising alternative, given
the high cost of accelerometers and ultrasound equipment.
In such an application, it is essential to understand that AE
signals with frequencies higher than 20 kHz will not be
registered. The results of Chen et al. and Duta et al. have
led to the assumption that most of the AE peaks during
heavy clay drying would be in the sound range of 20 Hz -
20 kHz. Chen et al. have an idea to intensify the drying pro-
cess using vibrations. They studied the displacement of water
inside a capillary tube partly filled with water and subjected
to sinusoidal vibration using image analysis. The main idea
was that this experimental setup would imitate the condi-
tions of moisture transfer that occur within the pores of
porous media during drying. They varied the capillary tube's
inner diameter, frequency, and amplitude. The displacement
of water due to the asymmetric signal is achieved and con-
firmed at 30 Hz /24/. Dutta et al. have used AE to analyse
the motion of the displacement water front during evapora-
tion of water from artificial microfluidic vessels, inspired
by the physiology of vascular water transport in plants. They
observed that peaks with the highest resonance in axial and
radial direction are respectively 17.2 and 12.7 kHz /25/. In
/26/ an AE sensor and setup that directly monitors the for-
mation of microcracks in a clay mixture during the drying
process is demonstrated. Furthermore, in /27/ is shown how
acoustic emissions are recorded and classified under labora-
tory conditions in clay rocks, along with an analysis of the
time series of impacts and their frequencies. Additionally, the
research described in /28/ provides an example of frequency
spectrum analysis of AE signals in rocks containing clay
minerals, thereby offering important insight into the method-
ology and parameters for AE recording during the drying
process of clay materials. In /29/ is highlighted that electro-
magnetic interference (EMI), temperature-induced noise in
cables, and vibrations from the environment are among the
primary sources of signal degradation in structural monitor-
ing and material testing systems. Their systematic analysis
shows that environments with active mechanical and thermal
components, such as fans, heaters, and power supplies, are
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particularly problematic which directly corresponds to the
experimental conditions of this research. In /30/ it is demon-
strated that simple piezo patch sensors when properly
mounted and frequency filtered, can effectively detect AE
events in concrete beams. The authors experimentally com-
pared the response of such sensors with commercial AE
devices. They demonstrated that successful detection of
microfractures and other forms of material degradation
depends critically on good mechanical coupling with the
sample and the selection of an appropriate frequency range
for signal analysis. In /31/, the authors applied deep learn-
ing algorithms for fusing AE signals from multiple sensors.
Their model enables the detection of AE events masked by
noise, based not only on signal amplitude but also on the
analysis of the time-frequency structure of signals. This
method is particularly suitable for operation in complex
acoustic environments, such as drying chambers and ther-
mally active rooms. Besides, recently published work /32/
introduces a pattern for reducing the ‘sensor effect’ during
AE data processing based on descriptor normalisation,
statistical tests (Kruskal-Wallis), and multivariate principal
component analysis, thereby enabling the creation of reliable
signature libraries from multiple sensors. Additionally, the
research described in /33/ is important for understanding
the characteristics, selection, and calibration of AE sensors
for experiments with clay materials. Thus, even with afford-
able piezo equipment, it is possible to achieve measurements
with high sensitivity and reproducibility. The results provide
a solid foundation for further expanding the study, including
building an AE database and applying machine learning for
automatic detection of event types (macro and microcracks)
in real time. The primary goal of this study is to verify the
applicability of AE for detection of macro and micro cracks
during drying of masonry clay elements. The secondary goal
is directly related to the challenge of detecting micro im-
pulses during clay drying, where signals are often near the
detection threshold. The objective is to create a procedure
for filtering and data processing aimed at removing the elec-
tric and thermal noise while preserving only AE signals.

MATERIALS AND METHODS

The raw material in this study is taken from the novel
deposit of Serbian clay masonry producers. The first step is
to characterise the obtained clay. The material is subjected
to standard silicate chemical analysis, XRD, TGA and gran-
ulometric analyses. After that, the raw material is dried at
60 °C and grounded. A laboratory roller mill is used. The
clay is then moistened and processed with laboratory diffe-
rential mill. Tile specimens 120x50x14 mm are formed on
a ‘Hendle’ type 4 laboratory extruder under a vacuum of
0.8 bar. All drying experiments are done on these tiles. XRD
is measured on Philips PW 1440 Cu Ko while DTA is
conducted on TA instruments SDT Q 600 form 20 - 1000 °C.
Standard SRPS UB1.018 is used for granulometry analysis.
Linear shrinkage and weight changes of masonry products
are monitored during drying. The dryer is equipped to
provide precise control and monitoring, including: air tem-
perature regulation (0-125 °C, £0.2 °C), relative humidity
control (20-100 %, £0.2 %), airflow adjustment (0-3.5 m/s,
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+1 %), as well as continuous weight (0-2000 g, £0.01 g)
and linear shrinkage (0-23 mm, +0.2 mm) measurements.
The Bigoth drying sensitivity and Pfefferkorn plasticity index
are also measured. Isothermal (45 °C, RH 50 %, 1 m/s) ex-
periments are conducted on clay tiles to identify acoustic
emissions accompanying the physical changes in the material
during the drying process. Literature /26-27/ indicates that
such phenomena are detected using AE sensors, and a similar
methodology is applied in this study. The hypothesis is that
acoustic events caused by microcracks would be located
within the audible frequency range. The impulsive nature of
the expected events suggests broadband excitation, while the
moist clay, as a material strongly dampens higher frequen-
cies, thus, energy is anticipated predominantly in the lower
part of the spectrum. To identify low-intensity acoustic
signals that accompany the occurrence of microcracks during
the drying of clay samples, it is essential to minimise all
forms of noise and external disturbances present in the meas-
urement system. One of the important decisions in designing
the measurement system is to use low-cost piezoelectric
sensors (PIEZO-PLS2012 buzzers) previously tested and
selected based on response and stability criteria. Calibration
Exciter Types 4294 from Bruel & Kjaer is used for sensor
testing. This device enables precise adjustment of measure-
ment instruments at a standard acceleration of 10 m/s?, with
a frequency of 159.1 Hz. For this excitation, the piezoelectric
sensor produces a sinusoidal voltage signal of 2.8 mV (RMS)
at excitation frequency. At frequencies where the sensor is
most sensitive (~3500 Hz), the output voltage is about 35 dB
higher than at 159.1 Hz, providing a maximal sensitivity of
15.8x107* Vs*/m. A sensor attached directly to the mechani-
cal shaker exhibits an amplified response at its resonant
frequencies. Mounting sensors on a solid, massive surface
diminishes these resonances, providing a more uniform re-
sponse suitable for measurements when sensors are placed
on clay pieces during drying. The sensor response functions
are recorded for both cases. The frequency response of the
sensor mounted on clay is given in Fig. 1.
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Figure 1. Sensor response to impulsive excitation.

Since the sensor sensitivity is highly nonlinear within the
measurement range, the acceleration measured by sensor can
be obtained by dividing the measured signal by sensor fre-
quency response function in the complex domain. Returning
to the time domain yields the acceleration registered by the
sensor. Figure 2 shows the time waveforms before and after
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calibration. The signal measured directly at the sensor
reaches values of around +2 mV at specific moments, but
over time, its root mean square (RMS) value is much lower.
The energy primarily originates from interference induced
in the sensor and cables connected to the acquisition system.
During testing, it is observed that the polarity of the buzzers
varies from piece to piece. Out of 20 sensors tested, those
with the most suitable frequency characteristics and highest
sensitivity are selected. Pairing of sensors is done with those
having the closest characteristics.
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Figure 2. Signal before and after calibration.
RESULTS AND DISCUSSION

Chemical analysis determined the contents of main oxides
as follows: 60.41 % SiO,, Al,O3 16.60 %, and 5.99 % Fe,0s.
Mineralogical analysis identified quartz as the predominant
mineral with feldspars present in the form of anorthite. Min-
erals from the phyllosilicate group are also detected, includ-
ing micas, kaolinite, illite, chlorite, and smaller amounts of
montmorillonite. In addition, minor quantities of carbonates
namely calcite and dolomite are identified. Differential ther-
mal analysis (DTA) and thermogravimetric analysis (TGA)
further confirmed the presence of small amounts of organic
matter and iron hydroxides. Grain size analysis classified the
raw material as clayey silt. The clay fraction (<2 pum) accounts
for 30 %, silt (2-60 um) for 63 %, and sand (> 60 um) for
7 %. Fine and medium silt (2-20 um) represents 33 % of the
total. Clay composite exhibits high plasticity with a Pfeffer-
korn plasticity index of 30.82. After processing (grinding,
moistening, and homogenisation), the residue on the 10,000
mesh/cm? sieve is 7.32 %, and calcium carbonate content is
measured at 2.80 %. Drying shrinkage of tested clay tiles
ranged from 7.84 % to 8.19 %, indicating a high sensitivity
to drying. To monitor the drying process, it is necessary to
record even the faintest impulses caused by microcracks.
Because these signals can be very quiet, reducing noise in
the measurement system is essential. The drying chamber
can reach high temperatures which increases thermal noise
in connectors and cables. Electromagnetic induction in these
components can also be significant due to radiation from the
electric motor driving the fan which controls airflow. Com-
puter power supplies have also been observed to affect the
noise level in some cases. Initial measurements are con-
ducted with two sensors placed at different positions on the
sample. Sensors are glued on the sides which proves to be
problematic as they detach due to increased humidity and

INTEGRITET I VEK KONSTRUKCIJA
Vol. 25, br.2 (2025), str. 181-188

temperature. Sensors placed on the top surface of the sample
prove to be more stable and attaching them with clips is
found to be the most effective solution. Additionally, sensors
embedded in the sample are tested, yielding promising results
but are abandoned because this approach was invasive and
caused the sample to crack at locations where sensors were
inserted. The example of the AE measuring setup with two
sensors is reported in Fig. 3. Two sensors are used for
multiple reasons. One is to detect local acoustic events at two
distant points, as wave energy could dissipate while travelling
through the sample, potentially preventing detection. Another
is to determine the position of the acoustic event based on
the difference in arrival times of the wave at these sensors,
as the wave would reach the closer sensor first. The third
reason is to reduce noise by summing or subtracting signals
from these sensors, taking into account their different spatial
orientations relative to the vertical axis. In the experiment
with two sensors on the sample, it is observed that the noise
level on the sensor connected to the left channel of the audio
interface is 17 dB higher than on the right channel, as shown
in Fig. 4. Removing the sensor from the left channel in-
creased the noise on the right channel. This effect means
that the ‘moist’ sample conducts electricity, closing the
electrical circuits that influence the noise recorded by the
audio interface. It is also noted that the noise level varies
during the drying process, likely due to changes in the sur-
face electrical resistance of the sample, resulting from vari-
ations in moisture content.

Figure 3. AE measurement setup - two sensors.
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@8] Table 1. Resistance measurement.
o Time (min) | Moisture content (%) | Surface resistance (kQQ)
66| 0.02 23.52 16.9
-60 4.27 22.84 14.9
- - e 5.10 23.02 18.8
54 10.10 22.87 215
-66 Ll 15.13 22.60 22.4
£ | ! LN 20.13 2222 213
25.13 21.79 22.5
Figure 4. Waveform of left (up) and right (down) channel recordings. 30.15 2151 23.4
To investigate this, surface electrical resistance is meas- 2(5)}; ;igz ;g'g
ured during the drying process. Experimental setup is given 4518 2012 26.8
in Fig. 5, while results are shown in Table 1. 50.20 20.64 51.9
Results show resistance increasing during drying. It is 55.20 19.52 59.3
necessary to find a way to reduce the recorded noise. One 60.22 19.18 64.2
solution is to connect two sensors in a ‘sandwich’ configu- gg;g ig% 7;) él
ration with opposite polarities and connect them via bal- 755 1773 792
anced audio cables to the interface. This setup is shown in 80.27 17.45 83.7
Fig. 6. This configuration significantly reduced system noise. 85.27 17.14 86.8
, 90.28 16.83 90.5

Figure 5. Surface resistance measurement setup.
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Figure 6. Two sensors connected with a balanced connection.

During measurements, successful detection of acoustic
signals corresponding to macrocracks is achieved, as their
energy is sufficient to stand out above background noise.
The example is shown in Fig. 7.
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Figure 7. Registered macrocracks.

In addition to these prominent impulses, sequences of
weaker impulses are also recorded. This phenomenon moti-
vates a more detailed analysis focused on the detection and
quantification of low-intensity acoustic events. A special
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algorithm is developed in the digital domain to detect all
impulses that exceed a set threshold. After calculating RMS
value of the entire signal, the threshold is set 18 dB above
it. Moments in time when values exceeded this threshold
are detected and labelled with a number. Figure 8 shows the
waveform of a signal with marked peaks exceeding the
threshold, indicated with red and blue dots. One way to
quantify those impulses is to track their energy. Recorded
electrical voltages from sensors are squared, and the resulting
energy measure is proportional to these values, expressed in
uV2. Cumulative energy is calculated separately for positive
and negative peaks (indicated in blue and red). To minimise
the influence of noise, only segments that exceed the thresh-
old are summed. The signal is pre-filtered with a low-pass
filter at 20 kHz. The result of this procedure is shown in Fig. 9.
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Figure 8. Identification of low-amplitude impulses.
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Figure 9. Cumulative energy of low-amplitude impulses.

This diagram is important since it can be used for visual-
isation of crack appearance during drying, since energy jumps
correspond to the occurrence of micro- and macro cracks. If
results are compared with Fig. 7 it is clearly seen that macro-
crack is formed exactly at the same moment at 28 min. It is
important to state that from the moment of macrocrack for-
mation the energy of negative peaks is above the energy of
positive peaks. This pattern can be used for precise distin-
guishing the appearance of microcracks from macrocracks
during drying. It is important to note that in some samples,
what initially looks as impulses from microstructural changes
(micro-splitting or micro-expansion), proves to have a com-
pletely different nature. The specific characteristics, their
precision, extreme transience, and high-frequency content of
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such signals indicates electrical- rather than mechanical origin.
Besides, the sensors used could not register mechanical
events with such high-frequency content.

Further analysis reveals that these impulses result from
sudden changes in the electric field. Their frequency of
occurrence suggests a possible link to the electrical circuit
powering the heater inside the dryer. To test this, signals are
recorded simultaneously from a piezoelectric sensor inside
the dryer and from a microphone positioned near the electro-
mechanical switch board that activates the heater. It is
determined that the acoustic signal from the switch board is
not of sufficient amplitude to affect measurements via sound
transmission through air. However, the sudden jump in the
electric current when the heater is turned on induces an
impulsive signal in the piezoelectric sensor which, in this
case, acts as an antenna. The presence of a 50 Hz mains
voltage component with characteristic harmonics was also
observed in the signals. The procedure similar to the one
described in /32-33/ is used to eliminate these unwanted
impulses and to improve the process of identifying weaker
signals that occur in parallel with macrocracks. Using a band-
pass filter (3-20 kHz), low-frequency interference from the
mains power supply is removed, and high-frequency transi-
ents of the unwanted signals are suppressed. Results are
reported in Figs. 10 and 11.
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Figure 10. Signal segment before and after applying band-pass
filter (3-20 kHz).

%1078

T T T T

Original
15+ Filtered | |

o
o

P NV, N e, N, N =, . NS = . N, N . .
e e e o N I N N

Voltage [V]
)

o
2
T
I

| | | | |
0.05 0.1 0.15 0.2 0.25
Time [s]

Figure 11. Detail of low-amplitude impulse, before and after

filtering (3-20 kHz).

Filtering removed noise associated with the power supply
which appears as a characteristic triangle wave in Fig. 11.
This filter also suppressed high-frequency components respon-
sible for the transient. After filtering, segments with lower
amplitude, longer duration, and different spectral content
are revealed. Example of such signal is given in Fig. 12.
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Figure 12. Impulse of non-electrical origin.

Recording such signals is challenging because the events
of interest have very low energy within equipment measuring
range. Low signal levels, combined with noise, vibrations,
and electromagnetic interference, pose significant difficul-
ties. Automatic identification of these impulses requires the
development of additional algorithms. Unlike the high-fre-
quency, intense, and short electrical impulses, the signal of
our interest has lower amplitude and longer duration. Various
methods for classifying signals are tested to detect each
occurrence of this type. The median of 3 ms segments is
identified as the most effective feature for identification.
The procedure involved:

- filtering with a band-pass filter (5-11 kHz),

- calculating the median of the hole signal using the 3 ms
window,

- using this median as a parameter for separating sharp elec-
tric impulses from longer mechanical ones since the median
remains low for the former and increases for the latter,

- creating a logical function (values 0 or 1) that activates
when the median exceeds a set threshold (e.g., 2x10). It
is important to note that the logical function activates only
during acoustic emission events. It remains zero when
electric impulses are found. Example of signal processing
is reported in Fig. 13.

This approach has a strong literature background, e.g., an
unsupervised skip neural network methodology for noise
reduction in AE signals is developed in /34/, with a specific
focus on nonlinear distortions and impulsive noise. Their
results indicate that combining basic statistical descriptors
(such as the median) with more complex nonlinear filters
can significantly improve the detection of weak AE impulses
in real-time, even at low signal-to-noise ratios. Additionally,
research described in /35/ emphasizes the need to integrate
time-frequency analysis and monitor electromechanical
changes in the material, being particularly relevant in con-
ditions of variable temperature and humidity.

These factors, identified in our experiment as sources of
surface resistance changes in clay, directly affect the acous-
tic transmissibility and electromagnetic sensitivity of the
system. Signal processing proposed in this study shows that
it is possible not only to filter and classify AE events but also
to understand their causal relationship with physical changes
in the material. The combined findings suggest that practical
AE analysis can be achieved even with simple equipment,
as long as careful signal processing is applied. Future work
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will be focused on creating a comprehensive database of
AE patterns under various drying condition for this clay.
This database is planned to be a crossover with the authors
effective diffusivity vs. moisture content database and serve
as a base for machine learning algorithms for detection of

microcracks and the prevention of macrocracks.
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Figurel3. Example of data processing output.
CONCLUSION

The study demonstrates that AE monitoring is a viable
method for detecting micro- and macrocrack formation during
the drying of clay masonry products, even when using low-
cost sensors and simple data acquisition systems. The success-
ful identification of acoustic signals related to physical
changes in the material confirms that with proper calibra-
tion, filtering, and signal processing, critical events can be
captured despite high background noise and interference
typical in industrial drying environments. The developed meth-
odology enables the differentiation between mechanical AE
signals and electrical or thermal noise through advanced
signal filtering and statistical classification techniques. Nota-
bly, the use of median based signal segmentation proves
effective in isolating weak AE events associated with micro-
crack formation, paving the way for more reliable real-time
monitoring. The observed correlation between AE signal
energy and crack severity supports the potential for early
detection and classification of damage during drying. This
research provides a strong foundation for the future devel-
opment of an AE signal database that can be cross-refer-
enced with effective diffusivity data. This research has the
potential to significantly reduce drying-related defects, energy
consumption, and material waste in the brick and tile indus-
try, contributing to more sustainable manufacturing practices.
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