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Abstract 

Most concrete and reinforced concrete buildings date back to the first half of the last century.  

Concrete proved to be a durable construction material in the recent years. However, reinforced 

concrete structures often experience degradation after years of service. Steadily tightening 

requirements for the building structure reliability give rise to the need for new diagnostic methods 

being capable of revealing building structure failures being about to occur soon, so that defective 

parts, if any, can be repaired or replaced in time. Destructive diagnostic methods have been developed 

during the recent years. Unfortunately, application of these methods impairs the structure integrity. 

Therefore, increasing attention is being paid to the development of non-destructive testing methods, 

among which acoustic methods are ranking as the most promising ones. These methods are mostly 

used for the defectoscopy of homogeneous materials and simple-shaped bodies. They have however 

not been elaborated enough to cope with diagnosing highly inhomogeneous materials, which is just 

the case of concrete. Our research focuses on studying potential applications of the acoustic emission 

method to testing the concrete and reinforced concrete elements and structures. A problem has arisen 

during our measurements of reinforced concrete elements, namely, how to distinguish the acoustic 

emission signal variations, which are due to steel armature corrosion, from those brought about by 

concrete composition changes, processing technology or material degradation induced defects.  

Therefore, in direct connection with the research of reinforced concrete structures, the effect of the 

plain concrete specimen structure on the acoustic emission signal variations has been studied. 
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1. Introduction  
   

The non-destructive testing (NDT) aims at predicting the element or structure life or the risks 

resulting from the tested element or structure’s continuing exploitation. The main advantage 

the non-destructive methods in comparison with the destructive methods is the post-test 

condition of the object, which remains unchanged, so that the product is ready for further 

service. In view of their intrinsic technical limitations, the different NDT techniques feature 

various specific properties: they are only sensitive to the defects of certain aetiology. What 

matters is also the character of the objects under test (dimension, shape complexity, method of 

production of operation). Among the non-destructive methods, acoustic methods are the most 

important ones, ranking among promising methods of diagnosing building element's and 

structure's condition. This paper deals with one of them, namely, the acoustic emission.  
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2. Acoustic emission 
 

The acoustic emission method is one the most typical methods of the passive acoustic method 

group. These acoustic methods are only based on the reception of elastic waves, the source of 

these waves being the object under test itself. The acoustic emission phenomenon consists in 

emitting elastic waves in the case of material structure changes. In general, acoustic emission 

is defined as elastic waves originating in consequence of local, dynamic and irreversible 

changes in the material structure. These changes are due to the solid deformation or structural 

integrity deterioration. 

Among the main advantages of the acoustic emission method there are the following: 

Integrity (covering the whole object), quick measurement preparation, remote detection 

and location of defects, high sensitivity, reliability, 100% check of vast objects (tubes, 

pressure vessels, bridges, aircraft bodies) being achieved with a relatively low number of 

sensors, only partial access to the object under test being sufficient, the frequency range of 

measured acoustic emission (AE) signals is of the order of hundreds of kHz, thus being 

sufficiently far away from current sources of mechanical noise and vibration in industry, and, 

last but not least, relatively low costs and simplicity of the instrumentation used to process 

and evaluate the signals. 

In comparison with other non-destructive diagnosing techniques, it features, above all, the 

following main advantages: Thanks to its high sensitivity, AE is able to detect defects in their 

initial stage. These defects are not detectable by classical methods (ultrasound, radiography) 

and, moreover, only active defects arising under load can be detected. 

From the viewpoint of defectoscopy, the originating cracks are the most relevant sources 

of emission events, not the only ones. When releasing the load of a loaded material, the 

acoustic emission source activity vanishes. Emission signals will only appear if the previous 

load level is exceeded. This phenomenon is called the Kaiser effect. It represents the 

irreversibility of the processes which make the sources of the acoustic emission. It is 

describing the situation in which we are detecting the acoustic emission in the first cycle up to 

the maximum load. If releasing and subsequently applying the load, the acoustic emission is 

only detected after the maximum load of the first/previous load cycle is exceeded, see Fig. 1s 

[1-3]. However, there are cases where the Kaiser effect does not occur – in the subsequent 

load cycle the acoustic emission is already initiated at lower load levels than those of the 

previous cycle's maximum (which would be the case of the above-mentioned Kaiser effect). 

This is so called Felicity effect, which is most frequently observed in composite materials, 

Fig. 1b. The Felicity ratio equals the ratio of the acoustic emission initiation level and the 

previous maximum load level. 

 

 
 

Fig. 1 Kaiser and Felicity effects 
 

The acoustic emission signals can be either continuous or impulse. Continuous emission 

can be expected with dislocation displacements, whereas generation or propagation of cracks 



results in impulse signals. Only impulse emission is of importance for material testing. Its 

main advantage consists in the signal magnitude, which is by up to two orders higher than in 

the case of the continuous emission. 

From what has been said it follows that the acoustic emission features a range of practical 

applications, from geophysics and geology, through defectoscopy and quality control up the 

material research. The acoustic emission method makes also an excellent partner of the 

research methods that provide direct identification of structure changes, but are of destructive 

nature (post mortem results) and make it possible to investigate only small (often randomly 

selected) material volumes. 

 

2.1 Acoustic emission signal processing 

 

At present, there are several standardized procedures of processing and evaluating the 

acoustic emission signals. Among the oldest and most frequently used ones are the counting 

of overshoots over specified threshold levels and tracking the development of these counts in 

the time. Another method, closely related to the former, consists in counting of events, which 

discriminates the different emission events on the basis of preset parameters, such as, the 

threshold level, the event duration and the dead time between subsequent events. 

However, to find out the emission event causes, a frequency analysis of the AE spectrum 

must be carried out. To cope with this requirement, the AE analyzers are usually equipped 

with fast A/D converters, make it possible to save the whole emission event into a memory, 

or, alternatively, sampling oscilloscopes are used. The method of processing of thus acquired 

data depends on the authors and their facilities available [10]. 

Among the most frequently used methods is the Fast Fourier Transform (FFT): 

,2 tdetxfX tfj   (1) 

which resolves the signal x(t) into a number of sine waves of various frequencies. In this way, 

it translates the signal analysis from the time domain into the frequency domain. As the FFT 

analysis has been primarily designed for analyzing periodic signals, whereas the acoustic 

emission signals do not fully meet this condition, several supplementary methods have been 

invented to cope with this problem. The simplest way is to use adjusted windows for the FFT 

analysis. The window Fourier transform: 

tdetgtxfTFTS tfj 2, , (2) 

is a kind of analysis which makes it possible to carry out a simple time-frequency domain 

description of a signal (   is the time localization, f is the frequency). The accuracy of the 

determination of the time is limited by the windows being applied, which has a constant 

duration and, consequently, a constant frequency range. The principle of the window Fourier 

transform consists in dividing the signal into stationary segments of approximately equal 

length, to which the Fourier transform method is applied. The signal x(t) is divided into 

different segments by means of the window g*(t- ), where  indicates the time shift of the 

window, i.e., the time localization of the frequencies calculated for this window, given that 

the window duration and shape are constant. The time and frequency resolutions are therefore 

constant. 

 

2.2 Effect of the material structure of concrete specimens on the AE behaviour 

 

In accordance with the current concepts of fracture physics, the acoustic emission is 

confirming the existence of at least three concrete deformation stages being induced by 



mechanical stressing. Let R be the material ultimate strength. Following stages may then be 

defined [4]: 

a)   a compression stage for tensions of up to 0.2 R; this stage is related to the surface 

unevenness and roughness (there occur isolated, low-amplitude AE events) 

b)  a micro-crack generation stage for the tension magnitudes ranging from 0.2 to 0.5 R; 

large pores and micro-defects become micro-break foci and a network of micro-cracks 

arises (large-amplitude AE signal count going up with elevated stress, Felicity effect 

occurring for cyclic loading) 

c)   a micro-crack generation stage for stress magnitudes ranging from 0.5 to 0.9 R; micro-

crack generation and migration to the surface occur (strong and high-amplitude AE) 

d)   pre-breakage (0.9 R and higher) stage, short-time AE fading away, followed by an 

avalanche impulse count and amplitude growth until breakage. 

The irradiated energy grows exponentially with the load and achieves a maximum value at 

the breakage instant. This phenomenon is distinctly represented by a sharp knee occurring in 

cumulative AE impulse count N(F) versus load force F diagrams. The curve shape depends 

on the concrete type (ash concrete, polymer concrete, etc.), specimen water content, type of 

reinforcement built-in, etc. 

Other concrete parameters, such as age, structure, do influence the material deterioration, 

too, however, they do not affect the general shape of the EA versus load plots. The type of 

mechanical load (compression, shear, tension, bending) has no effect on the AE behaviour, 

either. The overall nature of established defect plays a decisive role for the AE signal 

behaviour. 

 

3. Experiment part 
 

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. During the test, the time 

development of the AE events and the frequency parameters of the different events were 

studied (Fig. 2).  

 
 

Fig. 2 Concrete specimen loading and sensor arrangement diagram 

 

3.1 The test specimens 

 

Two sets of standard concrete joists made of different concrete mixes, of dimensions of 100 

mm x 100 mm x 400 mm, were measured. Each set consisted of two specimen groups 

featuring different values of the water-cement ratio. Each group contained two subgroups, 

each containing 10 specimens: without the air-entraining agent and with the air-entraining 

agent. Four specimens of each group were kept at laboratory environment conditions, three 



were subjected to 25 freeze-thaw cycles and, finally, three were subjected to freeze-thaw 

cycles. 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. During the loading cycles, both AE impulse 

counts (AE LOCAN 320 analyzer) and individual impulses for frequency analysis (DL 912 

transient recorder) were registered. 

 

3.2 Measurement results 

 

The measurement results are shown in diagrams, each plot corresponding to three specimens 

made of the same concrete mix. Fig. 3 shows a plot of the cumulative overshoot count versus 

the load force acting on the specimen (denoted 1A2) which has been kept at laboratory 

conditions. Kaiser effect is apparent to operate between the first two load cycles. Felicity 

effect plays the role between the third and fourth cycles. The specimen destruction took place 

at a force of 15.5 kN. Fig. 4 pertains to the specimen (denoted 1A10) which was subjected to 

25 freeze-thaw cycles. The Felicity effect is apparent already between the second and third 

load cycle, the ratio F1/F2= 0.5. The relative overshoot counts exceed those of an intact 

specimen, Fig. 3, and the degraded specimen destruction took place at a lower load force, 

namely, F =14 kN.  

 
 

Fig. 3 Cumulative overshoot number versus load force plot, intact specimen 

 

 
 

Fig. 4 Cumulative overshoot number versus load force plot, specimen subjected to 25 freeze-

thaw cycles  



The specimen (denoted 1A5) which has been subjected to 50 freeze-thaw cycle is represented 

by Fig. 5. In case of this specimen, the Felicity effect is already apparent between the first and 

second freeze-thaw cycle and the Felicity ratio between first and second freeze-thaw cycle 

reaches only a value of 0.2. The specimen broke down at a load force of F =14 kN.  

 

 
 

Fig. 5 Cumulative overshoot number versus load force plot, specimen subjected to 50 freeze-

thaw cycles  

 

Our experiments also contained a frequency analysis of the signals having been picked up, 

which aimed at verifying whether or not the plain concrete specimen frequency spectra 

contain frequency components resulting from the steel armature corrosion and its 

consequences in reinforced concrete [5-9]. Time realizations of the signals being picked up 

during the load tests were analyzed. The load force acting on specimen No 1A2 versus time 

plot is shown in Fig. 6.  

 

 
 
 

Fig. 6 Load force versus time plot for specimen No. 1A2



The resulting frequency spectra of selected signals during the 1A2 specimen loading are 

shown in Fig. 7. 

 

 

 
 

Fig. 7.AE frequency response plots 

 

Curve No 1 corresponds to the frequency spectrum of a signal being picked up during the 

force growth in the second load cycle  (184 s). The curve shows a linear decrease of 1/f type 

in the frequency range 10
 
– 100 kHz, in which the frequency component of about 60 kHz is 

emphasized, corresponding to cracks in concrete [5-9]. The linear decrease is slower in the 

frequency range 100 kHz – 1 MHz. Curve 2 corresponds to the frequency spectrum of a signal 

having been picked up at decreasing load force during the second cycle (305 s). In this case, a 

linear decrease of 1/f type up to a frequency of 300 kHz is apparent, with no distinct peaks. 

The third curve (3) corresponds to a signal having been picked up during the load force 

growth in the third cycle (393 s), before the maximum force of the preceding cycle has been 

attained. The shape of curve 3 is almost identical with that of curve 2, however without a peak 

in the neighbourhood of 60 kHz.  

 

4. Conclusion 
 

The damaged structure of the specimens, which have been degraded by the freeze-thaw 

cycles, results in a lower load force needed for the specimen destruction. Our measurement 

results also prove the effect of the degraded specimen damaged structure on the parameters of 

the AE emission. In the cumulative count plots, the Felicity effect is already operating 

between the first and the second load cycle. The Felicity ratio values are decreasing with the 

freeze-thaw cycle number. The frequency analysis of the signals having been picked up gives 

evidence of the fact that the plain concrete frequency spectra do not show any predominant 

amplitude at frequency components corresponding to the consequences of steel armature 

corrosion in reinforced concrete [5-9]. It has thus been confirmed that the occurrence of these 

frequency components corresponds to the progressing corrosion of the armature and its 

consequences. 
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