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Abstract
The present paper deals with an experimental study of the frequency inspection method 
applicability to internal structure integrity of the concrete specimens. Our research work is 
focused on influence of the concrete ageing conditions on its internal structure integrity. After 
the concrete hardening had been completed the specimens were divided into three groups. 
The first specimen group was kept, in accordance with standard conditions, in water for the 
entire ripening period. The second specimen group was kept in air in laboratory environment 
conditions and the third specimen group was placed for twelve days of the ripening process 
into a dryer in which the air temperature was 60oC in order to increase the specimen load 
and get heavier structure deterioration. Non-standard concrete ageing conditions resulted in 
the development of micro-cracks in the specimen structure.  The experiment aimed at 
identifying the effect of non-standard conditions of the concrete mix ripening on the structure 
integrity. Our measurements show that the frequency inspection method is a sensitive 
structure indicator, which can also be used to assessing the concrete structure integrity. 

Key words: concrete ageing conditions, structure integrity, micro-cracks, frequency 
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1. Introduction
The condition of concrete and reinforced concrete constructions, which had been put 
into service in the past century, became quite a serious 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, 2]. 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 [3 - 7]. The frequency inspection method belongs to the acoustic method 
family. This method is one of relatively new product structure testing methods. Any 
implementation of such tests requires a reference standard and its frequency 
spectrum to be set down. If the test specimen material properties differ from those of 
the reference standard (i.e., different rigidity, impurity content, structure defects, etc.), 
the resonance frequency will be shifted against that of the reference standard [8]. 
Based on the measured resonance frequency analyses, the structure changes 
having taken place in the products under test are assessed. The experiment aimed at 
identifying the effect of non-standard conditions of the concrete mix ripening on the 
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structure integrity. Based on the measured resonance frequency analyses, the 
structure changes having taken place in the products under test are assessed. 
In order to verify the frequency inspection results and examine their application to the 
concrete structure integrity, we have also determined the propagation velocity of 
ultrasonic waves in the specimens. The propagation velocity of ultrasonic waves in 
the specimen in question was determined by means of the ultrasonic impulse 
method. This method is based on ultrasonic pulses being periodically sent into the 
material under investigation. The quantity to be measured is the impulse propagation 
velocity. This velocity is different for various materials and varies with their properties. 
For example, a good-quality concrete features a higher ultrasound impulse 
propagation velocity than an inferior-quality one. The frequency of longitudinal 
oscillations in the specimens was calculated using the well-known formula: 

    fl = λ / cl                                                                                                          (1)

where:  λ  - ultrasonic wave wavelength [m] 
cl  -  mean velocity of ultrasonic waves  [m.s-1].

2. Experiment set-up
As many as 21 specimens of dimensions 4cmx4cmx16cm were prepared from a fine 
concrete mix. After the concrete hardening had been completed the specimens were 
divided into three groups. The first specimen group (denoted V) was kept, in 
accordance with standard conditions, in water for the entire ripening period (28 days). 
In this case no water content reduction took place. The second specimen group was 
kept in air in laboratory environment conditions (denotation L). In consequence of 
water content reduction after hardening, the specimens shrank and microcracks 
arose in the specimen structure. The third specimen group (denoted S) was placed 
for twelve days of the ripening process into a dryer in which the air temperature was 
60oC in order to increase the specimen load and get heavier structure deterioration.  
A special hammer provided longitudinal excitation. The mechanical impulse was 
applied at the exciter point I (see Fig. 1), a piezo-electric sensor S was used to pick 
up the response.  

Fig. 1 Experiment set - up 
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3. Experimental results
The measurements results are represented in the form of the specimen response 
frequency spectra as shown in Figs 2 through 4. 
The diagram shown in Fig. 2 pertains to V11 specimen. This specimen ripened under 
standard conditions in water.  The longitudinal direction predominant frequency 
equals 10 300 Hz, whereas the calculation according Eq. (1) provides 10 270 Hz.  

Fig. 2 Response frequency spectrum of intact specimen V11 

Next Fig. 3 shows the response frequency spectrum for L3 specimen. This specimen 
underwent shrinking due to insufficient water content. It is seen that the predominant 
frequency shifted to 8 900 Hz, which corresponds to a shift of 1 300 Hz with 
comparison with V11 specimen. According to Eq. (1), the longitudinal oscillation 
frequency was calculated to equal 9 820 Hz to this L3 specimen. 

Fig. 3 Response frequency spectrum of L3 specimen, which was stressed by 
shrinking 
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The last Fig. 4 shows the behaviour of S2 specimen, which was subjected to stronger 
shrinking-induced stressing, being placed in a dryer. In this case the predominant 
frequency shifted to 8 200 Hz, which makes, in comparison with V11 specimen, 
a shift of 2 100 Hz. The According to Eq. (1), the longitudinal oscillation frequency 
was calculated to equal 8 990 Hz to S2 specimen. 

Fig. 4 Response frequency spectrum of S2 specimen which was subjected to 
stronger stressing 

5. CONCLUSION
Our experiments aimed at verifying the frequency inspection method potential to 
evaluate the concrete specimen structure integrity. Three groups of specimens, 
made of a fine concrete mix and differing in the structure integrity degree, were 
tested. The first specimen group, denoted V, was – after the specimen hardening had 
been completed – kept in water for 28 days, in order to eliminate the shrinking 
induced stressing which would otherwise result from water content reduction. The 
second specimen group, denoted L, was kept in air at laboratory temperature. Water 
content reduction resulted in shrinking and micro-cracks generation in these 
specimens. In the third specimen group, the shrinking process was increased by 
drying the specimens at a temperature of 60oC for 12 days during the ripening 
process.
The results of our measurement proved a shift of predominant frequency 
components lower values in the case of the specimen shrinking-induced stressing. 
In order to verify the correlation frequency shift with structure damage we have also 
determined the propagation velocity of ultrasonic waves in the specimens. 
The magnitude of the velocity decreased when the shrinking-induced specimen 
damage degree grew up. 

Acknowledgement 
The research described in this paper was supported by the research project MSM 
0021630511. 



DEFEKTOSKOPIE  2011                    91 

References 

[1] P. H. Emmons, R. Drochytka, Z. Jeřábek: Sanace a údržba betonu v ilustracích,
Akademické nakladatelství CERM, s.r.o. Brno, 1999. 

[2]  Pytlík P.: Technologie betonu, Nakladatelství VUTIUM, Brno, 2000. 
[3] M. Korenska, L. Pazdera, K. Pospíšil, J. Stryk, P. Vyroubal: Detection of the 

Reinforcement Corrosion in Prestressed Concrete Girders, The 8th International 
Conference of the Slovenian Society for Non-destructive Testing, 1 – 3 
September 2005, Portorož, Slovenia, pp. 317 – 322. 

[4] Kořenská M., Weber Z., Smutný J., Pazdera L.: Aplikace moderních metod 
frekvenční analýzy na signál akustické emise {Application of Modern Time-
Frequency Analysis on Acoustic Emission Signal}, Medzinárodná vedecká 
konferencia, 60. výročie Stavebnej fakulty STU v Bratislave, Sekcia: Matematika 
a fyzika, Bratislava, Slovakia, November 18-20, 1998, pp. 33-36.. 

[5] M. Korenska, L. Pazdera, L. Ritickova: Study of  correlation between acoustic 
emission and damaging of reinforced concrete, The 6th International Conference 
of the Slovenian Society for Non-destructive Testing, 13-15 September 2001, 
Portorož, Slovenia, pp. 181 – 184. 

[6] Korenska, M., Manychova, M., New possibilities of non-destructive testing of 
ceramic specimen integrity, 2010, Ceramics-Silikaty, 54[1], pp. 72-77. 

[7] Colombo S., Forde M.C., Main I.G., Shigeishi M. 2005. Predicting the Ultimate 
Bending Capacity of Concrete Beams from the ‘‘Relaxation Ratio’’ Analysis of AE 
Signals. Construction and Building Materials. 19, 2005, pp. 746 - 754. 

[8]  Korenska M., Chobota Z., Sokolar R., Mikulkova P., Martinek J.: Frequency  
Inspection as an Assessment Tool for the Frost Resistance of Fired Roofing Tiles, 
2006, Ceramics-Silikáty  50 [3], pp. 185-192. 



92     DEFEKTOSKOPIE  2011


