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Abstract
Specimens manufactured from concrete m xes differing from each other in the content of the aerating 
agent were studied in our experiments. The acoustic emission method has been applied to studying
acoustic phenomena arising in the material under test as a concomitant to the generation of micro-
defects, which in turn result from the application of an external load. Both intact specimens and 
specimens which had been subjected to two different freeze-thaw degradation cycles were tested. 
The frequency of the acou tic 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.  
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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, both non-destructive (changes in the ultrasonic impulse propagation velocity, changes in
the dynamic modulus magnitude) and destructive (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 
parame ers to correlate with the material structure defect occurrence. 

Key words:  Acoustic emission, concrete, thermal stressing, struc ure integrity deterioration, Felicity 
ratio

1. Introduction
The durability of construction materials and the life-time of building structures depend on 
many factors, from the design and realization up to the exploitation conditions and the 
construction work maintenance. One of the sources of building structure failures consists in 
incorrectly formulated construction work exploitation specifications and in changes of the 
conditions of use in the course of their service life. The condition of concrete and reinforced 
concrete constructions, which had been put into service in the past century, became quite 
a  problem. For the assessment of the actual condition of the construction, non-destructive 
methods are being looked for which would be able to identify the building structure defects in 
their early stage of development, clear them away in time and minimize their consequences 
[1]. The absence of applicable diagnostic methods appears to be ponderous in the cases 
of building structure breakdowns. 

Acoustic methods appear to be very promising in the field building element and structures 
[5-9]. The acoustic emission method belongs to the acoustic method family. This method is in 
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a large extent used for the defectoscopy of homogeneous materials and simple-shaped bodies. 
It has however not been elaborated enough to cope with diagnosing highly inhomogeneous 
materials, which is just the case of concrete. Our research focused on studying the effect that 
the concrete mix composition has on the acoustic emission behaviour. Final material 
properties of the concrete result from a multitude of mutually dependent variables entering 
into this process in the course of concrete production and ageing [2]. Our research included 
also a subsequent intentional degradation of the specimen and its effect on the acoustic 
emission response. As a degradation process most frequently met in the building industry 
practice, low-temperature cyclic stressing (- 20 oC) was chosen [3].  Based on the studies 
carried out thus far, best suited acoustic emission parameters have been selected, the acoustic 
emission signal analysis has been carried out and the most efficient criterion for evaluating 
concrete specimen structure has been selected. 

2.  Experiment part 
2.1. Experiment setup 
Concrete joists of dimensions 100 mm x 100 mm x 400 mm, prepared in compliance with the 

SN EN 12390-2 standard, were measured in our experiments. Depending on the concrete 
mix composition, all specimens were dividend into two groups of 10 specimens each. 
The first group specimens were manufactured from a concrete mix containing no additive 
agents (the air content amounted to Vz  2% by volume). The second group mix contained an 
air-entraining agent (the air content amounted to Vz  4% by volume). Ten specimens of each 
group were further distributed into three subgroups. The first of them, containing 4 reference 
specimens, was kept in laboratory environment conditions. The second subgroup 
(3 specimens) underwent 25 freeze-thaw cycles and the third one (3 specimens), 50 freeze-
thaw cycles. 

The concrete joists were subjected to flexural bending tensile load. 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, as well as the measuring apparatus has 
been described in detail, for example, in [4]. We are, therefore, going to present here only the 
recorded signal parameters, evaluated in the framework of this research: 

Cyclic loading induced acoustic emission overshoots  
Kaiser effect, Felicity effect and Felicity ratio 
Correlation between the acoustic emission parameters and the specimen 
structure condition 
Verification measurements. 

The AE overshoot counts resulting from the loading cycles were picked up by six sensors 
and analyzed by means of a measuring setup containing a LOCAN 320 analyzer. 
Simultaneously, the growing load force magnitude versus time plot was recorded. 

2.2. Measurement results 
The measurement results have been processed and evaluated graphically in the Figures that 
follow.  

2.2.1. A group specimens 
The first series of diagrams corresponds to the measurement results of the reference 
specimens, represented by specimen denoted A2. Cumulative overshoot count number versus 
the load force plot was analyzed, see Fig. 1. Kaiser effect and Felicity effect between the 
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different load cycles were evaluated, too. It follows from Fig. 1 that Kaiser effect was 
operative between the first two load cycles. Felicity effect was operative also 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 overshoot count, see Fig. 1. The diagram 
makes it possible to determine the load force Fmax attained at the specimen destruction. For the
reference specimen, A2, it was Fmax = 16,2 kN. 

Fig. 1 Cumulative overshoot number versus load force plot, reference specimen A2 

The diagram of Fig. 2 illustrates the behaviour of the subgroup of specimens which were 
subjected to 25 freeze-thaw cycles. This subgroup is represented by specimen  denoted A9.

Fig. 2  Specimen  A9 having been subjected to 25 freeze-thaw cycles 
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The Felicity effect is partly operative also in the cumulative overshoot count curve between 
the first and second load cycle. The respective Felicity ratio is FP1 = 0,86. The Felicity ratio 
amounts to FP2 = 0.61 and FP3  = 0,26 between the second and the third load cycle, and the 
third and fourth cycle, respectively. The load force that brought about the specimen
destruction amounted to Fmax = 14.4 kN. Comparison with Fig. 1 shows that the overshoot 
relative counts are reaching higher values, particularly in the third load cycle.

The specimen subgroup which was subjected to fifty freeze-thaw cycles is represented by
the measurement results of specimen A5, as shown in Fig. 3. Felecity effect is evident among
all load cycles in case of this specimen. The FP1 ratio between the first and the second cycle 
reaches the same value as that pertaining to the specimen  A9 having been subjected to 25
freeze-thaw cycles. The value of the Felicity ratio occurring between the second and third
cycle is lower, FP2 = 0.54, being preceded by a higher growth of the overshoot count during
the second load cycle. The values of FP3 are also comparable between the third and fourth 
cycles. The specimen destruction took place at the load force Fmax =11.9 kN. 

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

Verification experiments
In order to verify the results, additional physical quantities characterizing the specimen

structure have been evaluated. Following quantities have been determined for the specimens
under test: ultrasonic wave propagation velocity vL, dynamic modulus of elasticity Ebu,
flexural tensile strength fcf, modulus of elasticity EB, and, finally, the compressive strength f

f

f

c

(on specimen fragments). Mean values of the measured physical quantities are shown in 
Table 1. When comparing the different subgroups it appears that the specimens, which 
underwent 25 freeze-thaw cycles, show a drop in the flexural tensile strength cf and in the
mean modulus of elasticity EB by 7.1% and 1.3%, respectively. The specimens which were 
subjected to 50 freeze-thaw cycles show the flexural tensile strength cf and the mean modulus 
of elasticity EB to drop by 23.9% and 5.7%., respectively. The drop in the mentioned
quantities correlates with the degradation degree growth. 
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Specimen
designation

Specimen
type

maximum
force at 

destruction
F (kN) 

mean
flexural
tensile

strength
fcf (MPa) 

mean
compressive

strength
fc (MPa)

mean
modulus of 
elasticity
EB (GPa) 

A1 15
A2 16,2
A3 15,8
A4

reference

15,8

7,1 64,2 40,3

A8 14,3
A9 14,4

A10

25
freeze-thaw

cycles 15,5

6,6 60,3 39,8

A5 11,9
A6 12
A7

50
freeze-thaw

cycles 12,1

5,4 49,1 38,0

Table No. 1 Flexural tensile strength, compressive strength and modulus of elasticity 
A specimen group 

Fig. 4 shows a graphical comparison of AE parameter and selected verification quantities
for the mentioned three specimens.

Fig. 4 Comparison of AE parameters and verification quantities as determined in the 
verification experiments – A specimen group 
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The measurement results obtained for the specimen cyclic loading show that the damaged
structure of the degraded specimens really exercises influence on the the AE emission
parameters. In the cumulative frequency plots, it becomes evident in both the higher number
of events recorded at lower loads and the Felicity effect occurrence already between the initial
load cycles. The load forces, which triggered the first Felicity effect, were as follows:
specimen A2 -  55% of Fmax,, specimen A9 - 29% of Fmax, specimen A5 - 26% of Fmax.
The values of this force are decreasing with the degradation cycle number. All of them fall
into the deformation stage of the microcracks generation [10]. The FP values showed 
a decrease resulting from the freeze-thaw cycle number growth. 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 cycle application, too. 

2.2.2 B group specimens
The specimens of this group, B, have been manufactured from a mix containing the air 
entraining agent. The air content in the concrete mix amounted to Vz  4% by volume.
The distribution of the specimens into three subgroups, the measurement method and the 
parameters under investigation were the same as in the A specimen group. The measurement
results of this specimen group are shown in a diagram, see Fig. 5, where a graphical 
comparison of the AE parameters and other physical quantity values, which were obtained 
in the verification experiments, is carried out.

Fig. 5 Comparison of AE parameters and verification quantities as determined in the 
verification experiments – B specimen group 
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Our results of the B specimen group measurement furnish evidence of the correlation 
between the AE parameter changes and the damaged structure integrity of the specimen that 
have been subjected to degradation cycles. In the cumulative frequency plots, it has become 
evident in both the higher number of events recorded at lower loads and the Felicity effect 
occurrence already between the initial load cycles. The load forces, which triggered the first 
Felicity effect, were as follows: specimen  B3 - 65% of Fmax,,   specimen  B9 - 33% of Fmax,
specimen B5 - 25% of Fmax. The FP values showed a decrease resulting from the freeze-thaw 
cycle number growth, too. However, the absolute values of FP are higher as compared with 
those of the A subgroup, which may be indicative of the fact that the freeze-thaw-cycle-
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. However, if these results are compared with those 
obtained from the A specimen group it becomes evident that the air-entraining agent 
containing specimens show lower decrease in the specified quantity values. After 50 load 
cycles, the loss in value of the compressive strength fcf amounted to 21.5% and that of the 
modulus of elasticity EB, 5.6%, thus confirming the air-entraining agent containing specimens 
to be less damaged by the freeze-thaw cycles. 

3. Conclusions 

Concrete specimens were subjected to flexural bending load in cycles in compliance with 
SN EN 12390-5 Czech Standard. Acoustic emission signal were recorded throughout the 

measurement. Vyhodnocován byla  kumulativní etnosti impuls .
Felicity effect, carrying information on irreversible structural defects, was studied.  

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 subgroups 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 the lower 
freeze-thaw-cycle-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.

Our verification 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. 
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