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Abstract 
Acoustic emission method can monitor changes in materials behaviour over a long time and without moving one 

of its components i.e. sensors. This makes the technique quite unique along with the ability to detect crack 

propagations occurring not only on the surface but also deep inside the material. The acoustic emission method 

is considered to be a “passive” non-destructive technique, because usually identifies defects while they develop 

during the test. The acoustic emission method is often used to detect a failure at a very early stage of damage 

long before a structure completely fails. However, using for monitoring developments during setting and 

hardening is difficult by this method immediately after making the mixture. The main aims of the article are to 

show the application of Acoustic Emission method.  
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1.  Introduction 
 

Concrete is a composite structure material frequently used in civil engineering. Its initial 

properties determine the durability whole construction [1]. Concrete setting and hardening 

processes are the most critical phases during constructional work, influencing the properties 

of concrete structure. For this reason applying non destructive testing in the early age of 

concrete lifetime can be useful. Early age cracking is a fundamental problem for the durability 

of concrete structure [2].  

Various compounds in cement particles would hydrate to form new compounds which build 

up the infrastructure of hardened cement paste in concrete, in the presence of water [3]. 

When fly ash is used as a supplemental binder of cement in concrete (fly-ash concrete), the 

powder acts as a pozzolanic material. Fly-ash concrete has several advantages; improved 

plasticity; decreased adiabatic temperature rise; reduced permeability, and reduced possibility 

of alkali silica reaction and sulphate attack. Fly-ash concrete has lower strength at early age 

than normal concrete because pozzolan reaction of fly ash activates at mature age [4-6]. 

Crack initiation and growth, one of the basic mechanisms in concrete mechanics, is occurred 

for many years [2]. 

The microstructure development of early-age concrete during hydration process was 

investigated by means of embedded active acoustic emission method [7]. The phenomenon of 

acoustic emission is defined as the propagation of elastic waves due to the release of localized 

internal energy, such as a micro-fracture in elastic material [8] . Sources of acoustic emission 

activities include structural deformation processes as plastic deformation, crack expansion and 

other kinds of material degradation. The acoustic emission process involves the use of sensors 

to detect released strain energy generated from growing cracks [9]. The advantages of using 

acoustic emission technique are that the position of the developing cracks can be determined 

and the entire structure can be tested without interrupting the performance of the structure. 

Nevertheless, application others non destructive technique is useful to defect was examined in 
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detail. To understand that the acoustic emission method detects only active sources i.e. arising 

and growing cracks or defects [10]. However process in the early stages, few AE events are 

expected in loading and unloading systems. Generally, such acoustic emission parameters as 

acoustic emission event and count have been applied to evaluate the physical property and the 

quality of material at failure [11]. To estimate active cracks in concrete, cracking behaviours 

of concrete are compared between concretes [12-13]. 

 

2.  Experiment set-up 
 

DAKEL-XEDO measuring system was used to carry out the control measurements. Acoustic 

emission parameters evaluating units (XEDO-AE) were used in the measurements. Two 

MTR-15 sensors hold on each sample detected acoustic emission activity. All sensors serve as 

guard. Simultaneously temperature changes of NTC thermistors were monitored by AXIOM 

AX5810 virtual data logger with AX758 16 channel relay multiplexer panel. Measured 

system is shown in Fig. 1. 

 

 
 

Figure 1 DAKEL-XEDO acoustic emission system and AXIOM AX 5810 virtual data logger 

 

 

The specimens were made in the form of concrete blocks of dimension 100 mm × 100 mm × 

400 mm. They were fabricated in moulds which oblong wall was uncovered (Fig. 2). 

Temperature sensors were inserted into the mould after the fabrication and before final 

vibration. The tested mixtures has made with different amount of ash and limestone (Tab. 1). 

Acoustic emission sensors were put on specimens surfaces eight hours after making mixture. 

Sensors reconnecting were 24 hours after mixing, when the samples were unmoulded (Fig. 3). 

Cover foils protected specimens to drying out during whole measurement. 

 

 



Table 1 Concrete mixtures 
 

 
Density 
[kg/m3] 

Components 1 2 3 
Ordinary Portland cement CEM I 42,5R Mokrá 338 338 338 

Fly Ash Chvaletice 450 112 56 0 

Limestone 0 56 112 

Water 180 180 180 

Sand 0/4 mm 690 690 690 

Crushed aggregate 4/8 mm 215 215 215 

Crushed aggregate 8/16 mm 845 845 845 

Total 2380 

 
 

 

 

 
 

Figure 2 Experimental set-up of acoustic emission system and moulded samples 

 

 



 
 

Figure 3 Sensors placing on unmoulded samples 

 

In this case, beeswax was applied for connection between acoustic emission sensors and 

concrete specimen surface. A steel road waveguide is new part for easier measuring acoustic 

emission. 

 

3. Results 
 
The compressive strength of the sample 1 is higher than next both (Tab. 2) in the first, the 

second and the 28
th

 day. Thus, growing fly ash amount in mixture mean increasing 

compressive strength in our case, where the first mixture contained 5 %, the second 2.5 % and 

the third without fly ash. 

Temperature changes of all mixtures during the first days are similar and after unmoulding 

they are the some as are shown in Fig. 4. During the first 13 hours temperature increased and 

than fell and after unmoulding (in 24 hour) kept ambient temperature. 

 
 

 
Table 2 Testing concrete 

 

Mixture 1 2 3 
Flow table test [mm] 560x540 540x560 470x500 

Compressive strength - 1
st
 day [MPa] 20 12 13 

Compressive strength - 2
nd

 day [Mpa] 34 29 27 

Compressive strength - 28
th

 day [Mpa] 70 62 57 

Longitudinal velocity -1
st
 day [m/s] 3936 3916 3938 

Longitudinal velocity -7
th

 day [m/s] 4526 4540 4526 

Longitudinal velocity -28
th

 day [m/s] 4596 4613 4573 

 



 

 
Figure 4 Temperature dependence on time 

 

 

 
 

Figure 5 Cumulative number of acoustic emission counts dependence on time during 28 days 



 

 
 
Figure 6 Cumulative number of acoustic emission counts dependence on time during the first two days 

 

 
 

Figure 7 Dependence of Cumulative acoustic emission counts (NC) and temperature difference (Δϑ) 

on time (t) of mixture 2 



 

Acoustic emission activity of all samples sharply increases during the first hours up to 

18 hours as shown in Figs. 5 and 6. It is consider that concrete temperature increases during 

the first 14 hours elapsed due to cement hydration and then temperature decrease up to 

surrounding temperature. Afterward temperature pursues air ones and acoustic emission 

activity fall down (see Fig. 6).  

Acoustic emission activity of sample with fly ash (No 1) is the lowest of them and 

compressive strength (see Tab. 2) is the highest of all samples. Therefore, number of cracks 

could be expected very low. In Fig. 5 the acoustic emission activity curves have the some 

slight grow slope after 24 days. Some structural changes of samples are monitored in the 

followed lifetime as is showed in these curves. 

 

 

Conclusions 
 

The Acoustic Emission Method can well suite for studying the quality of early age concrete, 

thus hydration, hardening and also setting specimens during whole lifetime. [14] The acoustic 

emission method appears as a powerful tool for determining the rise of micro-cracks in the 

hardening and also full lifetime of concrete. Nevertheless, its application immediately after 

mixing the concrete is not easy. 
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