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Abstract  
 

The paper deals with the effect of matter structure of concrete on the behaviour of acoustic 
emission. Concrete specimens made of several types of concrete structure modifications, having 
been prepared in compliance with the most frequent requirements of building industry practice, 
made the subject of our experiments. The specimens were subjected to flexural bending tensile 
load. The acoustic emission method has been applied to study acoustic phenomena arising in the 
material under test as a concomitant to the generation of micro-defects, which in turn results from 
the application of an external load. 

Both intact specimens and specimens which had been subjected to two different freeze-and-
thaw degradation cycles were tested. The frequency of the acoustic emission overshoots, as 
recorded in the course of the measurements, has been processed using the cumulative curve 
method. Moreover, the Kaiser effect and the Felicity effect have been analyzed and evaluated. 
Analyses of our experiments furnish evidence for the acoustic emission signals to be able to 
reflect quite truly the degradation-induced crack generation and development processes.  

Another parameter to follow up was the frequency spectrum of the different acoustic emission 
events. It has been examined whether or not the frequency components which are typical of 
corroded-armature specimens occur also in our specimens. Frequency components which are 
significant for the armature corrosion and its consequences have not appeared in frequency 
spectra of plain concrete specimens. 

To verify the existence of correlation, if any, between the acoustic emission parameter changes 
and the specimen structure integrity deterioration, additional methods have been applied to the 
test specimens. Among them have been both non-destructive methods (change in the ultrasonic 
impulse propagation velocity, change in the dynamic modulus magnitude) and destructive 
methods (change in the flexural tensile strength, change in the compression strength). Our check-
out measurements furnish evidence for the structure integrity deterioration to result from 
mechanical and thermal stressing and confirm the acoustic emission parameters to correlate with 
the material structure defect occurrence. 
 

Introduction 
 

Stability of building structures is one of very important issues in the field of non-destructive 
defectoscopy. Taking into account the fact that most of concrete and reinforced concrete 
structures were built in the first half of last century, it is evident that a search for new and simple 
defectoscopic methods, allowing the researchers to determine the integrity of these building 
structures or their parts, is of primary importance. It is also essential to develop and/or refine the 
methods designed to estimate the lifetime of building structures. The current methods of non-
destructive testing of building materials are suitable for the defectoscopy of homogeneous 
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materials and simple-shaped bodies. Their application to inhomogeneous building materials is 
difficult in the case of small-sized cracks and defects distributed throughout the specimen.  

Bridge structures make an important element of the traffic infrastructure. Most of these 
bridges are made of reinforced concrete, usually prestressed one. Their safety, regular 
maintenance and satisfactory technical condition are essential for keeping the traffic continuity 
and smoothness. One of the most important negative-impacting mechanisms, which affect the 
bridge structure stability, is the corrosion of the built-in steel armature. The reasons for the 
corrosion to occur are various: failures occurring during the bridge construction, consequences of 
traffic load or, simple ageing of the structures. This is why great attention is being paid to the 
research and verification of non-destructive testing methods, which are expected to help the 
researchers to evaluate properly the condition of a particular bridge and decide upon the most 
convenient methods for maintenance, repair or refurbishment of the bridge in question or its parts 
and schedule them accordingly. 

One of the most promising methods in this field appears to be the acoustic emission method. 
By contrast to most other NDT methods, it is a comprehensive method, allowing both one-shot 
examination and long-term monitoring of the condition of the structure under consideration or its 
selected parts. 

The acoustic emission method has been studied and analyzed from the viewpoint of its 
application to detecting the steel armature corrosion and its consequences for reinforced concrete. 
Changes in the different parameters of the acoustic emission signal were observed, when 
analyzing the measurement results obtained from reinforced concrete specimens (subjected to 
accelerated corrosion tests). However, there arises a problem concerning the identification of 
potential sources of these changes: are they due to the steel armature corrosion, the concrete 
composition, the processing technology, or, the degradation processes? This is why a research 
into the effect of concrete mix composition on the acoustic emission signals, both for intact 
structure integrity specimens and freeze-thaw cycles subjected specimens, took place in parallel 
with the research of reinforced concrete specimens and structures. Changes observed in the 
selected parameters of the acoustic emission signals have been utilized in analysing the 
measurement results of reinforced concrete specimens and structures and in selecting the 
parameters that prove to correlate with the steel armature corrosion and its consequences in 
reinforced concrete. 
 
Experiment  
 

The test specimens 
Concrete joists of dimensions 100 mm x 100 mm x 400 mm, prepared in compliance with 

CSN EN 12390-2 standard, were measured in our experiments The test joists were divided into 
four groups of 10 joists each (A, B, C, D), differing in the value of the water-cement ratio v/c = 
0.4 and v/c = 0.5, or the air-entraining agent content in the concrete mix. Ten specimens of each 
group were further distributed into three sets. The first of them, containing 4 reference specimens, 
was kept in laboratory environment conditions. The second set (3 specimens) underwent 25 
freeze-thaw cycles and the third one (3 specimens), 50 freeze-thaw cycles. 
 
Measurement method 

The concrete joists were subjected to flexural tensile stress, see Fig. 1.  
 



   

 

 
Fig. 1. Concrete specimen loading and sensor arrangement diagram 

 
Mechanical load tests comprised four loading cycles each, with maximum load forces 

amounting to: 3 kN, 6 kN, 10 kN, which were followed by a final cycle during which the force 
increased until the specimen destruction. The acoustic emission method has been applied to 
investigate acoustic phenomena which arise in the material under test as a concurrent 
phenomenon to the micro-defect generation and are accompanied by the response to the external 
loading. AE signal time development and the frequency parameters of selected time-domain 
realizations were studied in the tests. Two measuring apparatuses were used to measure and 
analyze the acoustic emission signals. The AE overshoot counts resulting from the loading cycles 
were picked up and analyzed by means of a measuring setup containing a LOCAN 320 analyzer. 
Six sensors designated L1 through L6 were used (see Fig. 1). Cumulative overshoots count, 
Kaiser effect and Felicity effect were evaluated, and the Felicity ratio was calculated. To record 
the time-domain realizations and for the frequency analysis of these realizations, a measuring 
setup consisting of a transient phenomena recorder of DL912 type and sensors DL1 and DL2 
(Fig. 1) was used. Signals generated during different loading phases were analyzed.  

Verification methods were used to check up the correlation between the acoustic emission 
signal changes and the degraded structure. Following quantities were determined for all 
specimens under tests: flexural tensile strength, fcf , elastic modulus, Eb, and dynamic elastic 
modulus, Ebu. 
 
Measurement results 

 
The measurement results have been processed and evaluated graphically in the figures that 

follow. The diagram of Fig. 2 illustrates the behaviour of specimen 1A2, which is typical of the 
set of reference specimens whose water-cement ratio is low. The curve shows the relative 
cumulative overshoots count versus load force dependence. Kaiser effect and Felicity effect 
between the different load cycles were evaluated, too. The shape of the curve indicates the Kaiser 
effect to be present between the first two load cycles. Felicity effect becomes evident between the 
third and the fourth load cycles, with the respective felicity ratio FP3 = 0.81. Microcracks have 
most probably arisen in consequence of the load force growth during the fourth load cycle, which 
is evidenced by an abrupt growth in the count of the overshoots, see Fig. 2. The diagram makes it 
possible to determine the load force Fmax attained at the specimen destruction. For the reference 
specimen, 1A2, it was Fmax = 16.2 kN.  

 



   

 

 
Fig. 2. Cumulative overshoots count versus load force plot, reference specimen 1A2 

 
The specimen group which was subjected to fifty freeze-thaw cycles is represented by the 

measurement results of specimen 1A5, as shown in Fig. 3. In the case of this specimen, the 
Felicity effect is evident to appear between all of the cycles. The FP1 ratio between the first and 
the second cycle reaches the same value as that pertaining to the specimens having been 
subjected to 25 freeze-thaw cycles, see Fig. 4. The value of the ratio occurring between the 
second and third cycle is lower, FP2 = 0.54, being preceded by a higher growth of the overshoots 
count during the second load cycle [6]. The values of FP3 are comparable again between the third 
and fourth cycles. The specimen destruction took place at a load force Fmax =11.9 kN. 

 
Fig. 3. Specimen 1A5 having been subjected to 50 freeze-thaw cycles  

 



   

 
The physical quantities characterizing the quality of concrete that have been measured in the 

framework of the verification experiments prove the deterioration of the structure integrity to be 

the consequence of the degradation cycles application, too. Fig. 4 shows a comparison of  these 
quantities and FP ratios values for the specimens representing all three sets .  It is evident that the 
specimens which were subjected to freezing show lower FP values, which may be due to the 
structure integrity deterioration resulting from the degradation cycles application. It is to be noted 
that FP1 and FP3 ratios are reaching identical values after the application of 25 as well as 50 
freeze-thaw cycles. It can be seen from the diagram that also the values of the dynamic modulus 
of elasticity of the corresponding specimens after 25 and 50 freeze-thaw cycles are comparable 
too. 

  

 
Fig. 4. Comparison of AE parameters and verification quantities  – specimens group 1A (low 

water-cement ratio) 
 

The resulting frequency spectra of selected signals emitted during the 1A2 specimen loading is 
shown in Fig. 5. 

 

 
Fig. 5.  Frequency spectra of specimen 1A2 

  



   

 
Curve No 1 corresponds to the frequency spectrum having been picked up during the loading 

force growth in the second load cycle. The curve shows a linear decrease of 1/f type in the 
frequency range 10 kHz – 100 kHz, in which the frequency component of about 60 kHz is 
emphasized, corresponding to cracks in concrete [1,2,5,7]. The linear decrease is slower in the 
frequency range from 100 kHz to 1 MHz. Curve No 2 corresponds to the frequency spectrum 
having been picked up during the loading force decrease in the second load cycle. In this case, a 
linear decrease of 1/f type up to a frequency of 300 kHz is apparent, with no distinct peaks. No 
distinct frequency components or peaks occur within the range from 100 to 300 kHz [1,2,5,7]. 

Fig. 6 shows the results obtained from the measurements of the second group specimens 
containing the air-entraining agent. Comparison of acoustic and verification quantities is 
presented in this Figure, too. 

 

 
Fig. 6. Comparison of AE parameters and verification quantities  – specimens group 1B 

 
 
The FP values show a decrease resulting from the freeze-thaw cycles number growth. 

However, the absolute values of FP are higher as compared with those of 1A subgroup, which 
may be indicative of the fact that the freeze-thaw-cycles-application-induced structure integrity 
deterioration is lower in the specimens containing the air entraining agent. The physical quantities 
that have been measured in the framework of the verification experiments prove the deterioration 
of the structure integrity to be the consequence of the degradation cycles, too. Nevertheless, when 
compared with the 1A group (containing no air-entraining agent), the decrease in the respective 
quantities of the 1B group is lower, indicating a lower degree of freeze-thaw-cycles-induced 
structure deterioration.  

The resulting frequency spectra of selected signals during the 1B5 specimen loading by 50 
freeze-thaw cycles are shown in Fig. 7. Curve No 1 corresponds to an AE event which has been 
recorded during the load force growth in the third cycle, whereas curve No 2 corresponds to an 
AE event has been recorded during the load force growth in the fourth cycle. The value drop 
within the frequency range from 10 kHz to 100 kHz appears to have a shape similar to that of 
specimen 1A2 (see Fig. 5). A steeper-sloped value decrease takes place within the frequency 
range from 100 kHz to 300 kHz. Starting from the latter frequency, the frequency components 
amplitudes are oscillating around a comparable mean value. No armature-corrosion-induced 
significant frequencies are apparent in the frequency spectrum. 

  
 
 



   

 

 
Fig. 7. Frequency spectra of specimen 1B5 

 
Conclusions 

 
The first parameter to track, i.e., the impulse cumulative number, was employed to track the 

occurrence of the Felicity effect, which provides information on irreversible structure defect 
generation.  The extent of the structure integrity deterioration amount was quantified by means of 
the Felicity ratio whose magnitude drops with the structure integrity deterioration. The Felicity 
ratio values were lower in the case of the specimens which had been degraded by freeze-thaw 
cycles. The amount of this decrease proved to correlate with the number of the degradation cycles 
applied.  

The groups of specimens containing the air-entraining agent showed a lower drop in the 
Felicity ratio than the specimens with no air-entraining agent, which corresponds to a lower 
freeze-thaw-cycles-application-induced structure integrity deterioration in the specimens 
containing the air-entraining agent. 

The relative values of the load force corresponding to the first occurrence of the Felicity effect 
are in all cases found in the deformation stage of the microcracks generation during the 
mechanical loading of concrete as defined in accordance with the current concepts of fracture 
physics [3,4]. 

Our check-out measurements furnish evidence for the structure integrity deterioration resulting 
from mechanical and thermal stressing and confirm the acoustic emission signal parameters to 
correlate with the material structure defect occurrence. 

The other parameter to follow up was the frequency spectrum of the different acoustic 
emission events. In this case, attention was paid to the frequency components which are 
significant for the identification of the steel armature corrosion and its consequences in reinforced 
concrete. These frequency components did not show up in the frequency spectra of any 
specimens under investigation, thus confirming their relation with the armature corrosion. 

Analyses of our experiments furnish evidence for the acoustic emission signals to be able to 
reflect quite truly the degradation-induced crack generation and development processes. The 
application of the acoustic emission to the detection of defects in concrete and reinforced-
concrete structures is beneficial to non-destructive diagnostic methods and their use in the 
building industry.  
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