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Introduction

The problem of diagnostics and 
monitoring of the technical condition of 
concrete elements is a very up-to-date 
and socially important subject. The aging 
infrastructure and increasing operational 
burdens of engineering structures are 
the main stimuli for fast-progressing re-
search on the new interdisciplinary fi eld 
of technical knowledge called structural 
health monitoring (SHM). This issue is 
closely related to the durability and time 
of safe operation of structural elements. 

Durability should be understood as 
the period counted in years in the course 
of which a given object or part of it re-
tains its useful properties under normal 
operating conditions (Świt, 2009, 2018).

The durability of the individual el-
ements of the structure and fi nishes 
determine the durability of the object. 
The durability of an object depends 

on many factors, i.e. on the quality of 
workmanship and the way of using its 
individual elements, on the type and 
quality of material, production technol-
ogy, unfavourable infl uences of the ex-
ternal environment (Goszczyńska, Świt 
& Trąmpczyński, 2016). On the other 
hand, repairs are understood as the ex-
ecution of construction works in an ex-
isting building, consisting in reconstruc-
tion of the original condition, which do 
not constitute ongoing maintenance, al-
though it is allowed to use construction 
products other than those used in the 
original condition (Goszczyńska, Świt & 
Trąmpczyński, 2014).

In the current principles of design-
ing structural elements (based mainly on 
the load capacity as the basic required 
parameter), the goal was to achieve the 
required functionalities using the lowest 
possible fi nancial resources for imple-
mentation. The durability of the facility 
in this case was limited to the construc-
tion period or up to several years of the 
warranty period after the construction 
was completed.
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The impact of material degradation 
on the durability of concrete elements 
is diffi cult to estimate. There are many 
methods of construction diagnostics 
measuring individual parameters, but 
usually only at the moment of perform-
ing the inspection. Therefore, the ob-
tained results show the current state of 
the structure, however, we cannot say 
anything about the dynamics of destruc-
tive processes in the time frame, which 
would make it easier to estimate the du-
rability of concrete elements with a se-
lected statistical model.

Work is underway on the creation of 
a SHM all over the world, so that dam-
age and defects are detected in advance.

Early detection of defects and appro-
priate methods of repairing and strength-
ening them will help to prevent damage to 
the structure (Proverbio & Venturi, 2005; 
Goszczyńska et al., 2014; Goszczyńska 
et al., 2016). This will save money spent 
on maintenance or repairs and ensure the 
safe operation of the structure through-
out their lifetime. Due to the aging of 
the construction infrastructure, there is a 
need to develop and implement a diag-
nostic technique suitable for continuous 
monitoring and assessment of durabil-
ity of concrete elements. This issue is 
a priority in research for infrastructure 
managers performed by engineers and 
scientists.

The methods used in SHM are aimed 
at locating damage to the structure, as-
sessing their intensity and possible fore-
casting of safe operation time or mak-
ing a decision to renovate or replace the 
damaged element.

The non-destructive testing (NDT) 
emission diagnostic methods only reveal 
damage covered by a penetration beam 

(e.g. a ray of ultrasonic waves) and can be 
carried out in a limited volume (Pascale, 
Leo & Bonora, 2003; Rens, Nogueira & 
Transue, 2005). Therefore, it is diffi cult 
to preserve their representativeness, es-
pecially for the entire structure, where 
a number of places are diffi cult to ac-
cess and they may be outside the area of 
the research ray (Rens & Kim, 2007). It 
should also be noted that the current sys-
tem of assessing the technical condition 
of the components of the structure being 
examined, theoretically is performed us-
ing the same or similar criteria (Yehia, 
Abudayyeh, Nabulsi & Abdelqader, 
2007), however, depends to a large ex-
tent on the persons performing the tests 
and their practical experience in inter-
preting the results (Pascale et al., 2003). 
Additionally, the measurement results 
obtained during the tests are insuffi cient 
to assess the actual bearing capacity of 
the concrete elements under evaluation, 
their durability forecasting and the op-
timal time and scope of repairs, which 
increases their maintenance costs (Rens 
& Greimann, 1997; Yehia et al., 2007; 
Sharma & Mukherje, 2011).

In the case of prestressed concrete 
constructions, one can distinguish the 
following destructive processes that are 
also sources of acoustic emission – AE 
(Lee, Lee, Kim & Bea, 2004; Hsieh, Hal-
ling & Barr, 2006; Świt, Krampikowska 
& Minh Chinh, 2016; Świt, Adam-
czak-Bugno & Krampikowska, 2019a, 
2019b).

microcracking;
friction between the surfaces of 
cracks;
formation and development of cracks 
in concrete;

–
–

–
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cracking at the border of concrete re-
inforcement;
concrete crumbling;
friction at the border of reinforce-
ment;
corrosion;
plastic deformation and cracking of 
cables and other reinforcements.
The values of the parameters of the 

registered AE signals allow to group 
signals into classes, each of which 
characterizes other dominant destruc-
tive processes (in accordance with the 
above-mentioned classifi cation) and a 
different degree of danger to the struc-
ture (Paulson & Dwit, 2003; McCarter & 
Vennesland, 2004; Goszczyńska, Świt & 
Trąmpczyński, 2015). The signals char-
acteristic for each class create “refer-
ence” databases enabling identifi cation 
of the destruction process, e.g. “cracking 
at the border concrete – reinforcement” 
corresponds to a database that groups se-
lected signal parameters assigned to this 
process.

Databases for individual processes 
(or their groups) are determined on ma-
terial samples, models in special labo-
ratory tests (where a given destructive 
process or a group of processes predomi-
nates) and on full-size structural ele-
ments during endurance and attestation 
tests as well as during normal operation 
of objects.

Having the database of AE reference 
signals, one can identify active destruc-
tive processes occurring in the entire test-
ed element/structure volume (Świt, 2004; 
Minh Chinh, Adamczak, Krampikowska 
& Świt, 2016; Olaszek, Świt & Casas, 
2016; Świt, Krampikowska & Minh 
Chinh, 2016; Świt, Krampikowska, Minh 
Chinh & Adamczak, 2016). By carrying 

–

–
–

–
–

out measurements for a longer time, it is 
possible to determine the damage devel-
opment under real load conditions taking 
into account external conditions such as 
rain, frost or wind. Proper placement of 
the AE sensors allows for the measure-
ment of the entire examined element and 
the location of the emission source (the 
place of destruction).

The NODSIS 5.8 program, using 
hierarchical, non-hierarchical statisti-
cal grouping methods and neural net-
works, was used to build the reference 
signal base in the RPD method (devel-
opment of destructive processes) (Nagy, 
1997; Świt, 2009; Goszczyńska, Świt & 
Trąmpczyński, 2013). In the case of the 
RPD method base, the pattern recogni-
tion method was used (Goszczyńska et 
al., 2015), in two versions: with arbitrary 
division into classes (unsupervised) 
– USPR and self-learning, in which the 
division into classes took place using 
reference signals (supervised) – SPR 
(Goszczyńska, Świt, Trąmpczyński, 
Krampikowska, 2010; Goszczyńska, 
2014).

Creating a signal base is a complicat-
ed process that requires a lot of resources 
and inventiveness (Goszczyńska et al., 
2013; Goszczyńska, 2014; Goszczyńska 
et al., 2015).

The created base of reference signals 
is composed of 8 classes marked with the 
symbols and colours assigned to them, as 
shown in Table 1.

Class numbers mean (Goszczyńska 
et. al., 2010; Goszczyńska, 2014; 
Goszczyńska et al., 2015):

No. 1. Microcracks in concrete on 
the border of the aggregate fraction 
with dimensions 0–2 mm;

–
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No. 2. Microcracks in concrete on 
the border of the aggregate fraction 
of 2–8 mm;
No. 3. Formation and propagation of 
scratches in the stretched concrete 
zone;
No. 4. Development of scratches and 
friction on the border of the aggre-
gate fraction with dimensions above 
8 mm;
No. 5. Yielding of steel;
No. 6. Cracking at the border of con-
crete – reinforcement;
No. 7. Separation of reinforcement 
from concrete;
No. 8. The breaking of prestressing 
strands.

Materials and methods

As part of the research work, three 
T-27 prestressed concrete beams were 
tested during their production process: 
concreting and heating. During the tests, 
using the 24-channel μSAMOS proces-
sor, preamplifi ers and 11 sensors with 
fl at frequency response in the range of 
30–80 kHz, acoustic emission signals 
generated during the beam generation 
process were recorded.

The tests were carried out on pre-
stressed concrete beams with 26 weaves 
7ø5 mm placed in the bottom part of the 
beam, two strands 7ø5 mm in the zone 
connecting the web and shelf, and soft 
reinforcement arranged in accordance 

–

–

–

–
–

–

–

with Figure 1, made of C40/50 class con-
crete on basalt aggregate.

The stand for testing the prestressed 
concrete beam with the location of the 
AE sensors is shown in Figure 2. During 
concreting with each batch – the volume 
of concrete in the beam was 11.2 m3.

Results and discussions

The average compressive strength of 
the concrete cubic samples taken from 
the trial batch used for production of 
beams after 28 days of maturation was 
40.05 MPa. During the study, the spread 
of compressive strength results was 
found from 21.75 to 91.57 MPa. Such 
a large spread indicates the heterogene-
ity of the concrete mix and has a large 

TABLE 1. Classes and codes of AE signals

Colour

Number of class No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8

FIGURE 1. Cross-section of the beam along with 
the distribution of reinforcement
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impact on the damage (shrinkage cracks) 
as well as on further functional values, 
i.e. load capacity and durability. The 
stages of concrete damage during the 
compression test are shown in Figure 3.

When squeezing concrete samples, 
one more sensor with a fl at characteristic 
in the range of 30–80 kHz and a pream-
plifi er was installed on their surface, 
which recorded the acoustic signals ac-

FIGURE 2. Research position: a – scheme of the beam loading station with the location of the sensors; 
b – view of a pre-stressed concrete beam subjected to heating together with installed acoustic emission 
sensors

FIGURE 3. Stages of destroying concrete samples subjected to compression
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companying the destruction of the sam-
ple in the compression test. The registra-
tion of these results was caused by the 
need to supplement the base of reference 
signals forming the pattern in the RPD 
and IADP method, with data from the 

destruction of concrete samples of two 
classes of bridge concrete. The aggregate 
measurement results of AE signals gen-
erated during testing of 8 concrete sam-
ples with different strengths are shown 
in Figure 4.

FIGURE 4. AE signals recorded during a compression test: a – AE spot power signal plotted versus 
time without statistical analysis; b – AE spot power signal versus time diagram is subjected to statistical 
analysis using the k-means method; c – AE power signal summation graph as a function of time subjec-
ted to statistical analysis using the k-means method

a

b

c
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Analysing the results of the AE meth-
od, it can be seen (Fig. 4a) how diffi cult 
it is to conclude about the destructive 
processes accompanying the destruction 
of concrete by observing the raw meas-
urement data. We can only determine the 
value of the tested parameter, possibly 
assess the stability and intensity of the 
changes taking place.

However, when analysing the same 
AE data (Fig. 4b), but treated by sta-
tistical methods of grouping signals, 
in this case the k-means method, it can 
be noticed that during the compression 
process of concrete samples, fi ve signal 
classes can be distinguished, which can 
be pre-assigned to processes generating 
them. It is worth noting (Fig. 4c) that the 
statistical processing of signals and the 
summation chart allows to determine the 
moment of initiation of individual failure 

mechanisms, which is extremely impor-
tant for the assessment of the progress of 
these processes and their impact on the 
durability and load-bearing capacity of 
the tested items.

After basic strength tests and con-
traction phenomena on concrete sam-
ples, acoustic emission measurements 
were carried out on the actual construc-
tion element, namely the T-27 prestressed 
concrete beam. Measured signals were 
generated by various phenomena, during 
accelerated maturation of concrete caused 
by heating. An example of structural re-
inforcement and passive reinforcement is 
presented in Figures 5a and 5b.

During this process, 12 AE parame-
ters were recorded with sensors arranged 
as in Figure 2. As a result of the high 
temperature of +65 ±2°C and the binding 
and shrinkage processes occurring in the 

FIGURE 5. Arrangement of reinforcement in T-27 pre-tensioned concrete beam

b

a
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concrete mix, AE signals were recorded, 
which were then subjected to analysis 
of the reference signal database devel-
oped for the RPD method and enriched 
with the results of tests on shrinkage and 
compression samples. The results of this 
analysis are presented in Figure 6.

It is worth noting that if we do not 
have the localization option in the soft-
ware used to record AE signals, using 
(Fig. 6a) of the graph of any AE param-
eter as a function of the recording chan-
nel allows us to determine the approxi-
mate coordinates of the appearance of 
the defect on the tested element, which 
is extremely important in the assessment 
technical condition of these elements. 
In addition, using the analysis of AE 

signals based on a comparison with the 
base of reference signals (Fig. 6b), we 
can evaluate not only the intensity of ap-
pearing AE signals, but also determine 
the mechanisms generating them (Figs. 
6c and 6d). What is important when as-
sessing their further impact on the dura-
bility and/or load bearing capacity of the 
tested concrete element.

Conclusions

Analysing the results of the research, 
it can be concluded that the applica-
tion of the acoustic emission method 
using the base of reference signals and 
the functions locating the place of gen-

a

b

c

d

FIGURE 6. AE signals registered in the process of supporting the maturing of concrete by heat tre-
atment: a – AE signal power spot diagram as a function of the recording channel; b – AE spot power 
signal versus time diagram; c – a 0.1 mm wide crack within sensor 5; d – a crack width of 0.1 mm 
within sensor 6
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erating destructive processes is helpful 
in assessing the course of the occurring 
mechanisms causing damage to the ex-
amined concrete element. It is possible 
to confi rm the full usefulness of this tool 
to determine the processes generating the 
formation of scratches and cracks, which 
in turn will contribute to predicting the 
durability of the examined elements 
based on statistical data measured in situ 
and stored as so-called construction (ele-
ment) passport. This is one of the basic 
assumptions of the system for assessing 
the durability of concrete elements and 
forecasting its durability.
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Summary
Assessment of the technical condition 

of prefabricated elements using the acous-
tic emission method. The article presents 
the results of tests using the acoustic emis-
sion method during the formation process of 
T-27 prestressed concrete beams. The studies 
included two stages. The fi rst – testing the 
compressive strength of the cubic samples 
taken from the trial batch used for the pro-
duction of beams together with the acquisi-
tion of acoustic emission signals. The second 
– measurements by acoustic emission, on the 
actual construction element during acceler-
ated maturation of concrete caused by heat-
ing. The undertaking of the above subject 
results from the fact that this issue is of great 
importance when assessing the durability of 
reinforced concrete and pre-compressed ele-
ments in the aspect of the analysis of these 
structures in terms of durability. The impact 
of material degradation on the durability of 
the structure is diffi cult to appraise due to 
the lack of reliable results needed to esti-
mate the durability of the selected statistical 
approach. However, the use of the acoustic 
emission method based on the identifi cation 
of destructive processes creates the possibil-
ity of locating, identifying and monitoring 
the emerging and developing destructive 
processes affecting the durability of concrete 
elements.
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