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Abstract 
As a non-traditional, non-destructive analysis method, the Acoustic Emission Method was used for civil 
engineering experiment. Concrete is a composite construction material frequently used in civil engineering. We 
know that concrete is as a man – when concrete is made it is as a baby, then it ages and its properties change in 
accordance to its baby life. That means it is better to monitor and change its properties when it is young as soon 
as possible. However, using the methods immediately after concrete birth (making the mixture) is difficult. The 
main aim of the article is to show the application of Acoustic Emission Method, and temperature measuring 
during concrete lifetime, particularly during the first days after the mixture. Concrete lifetime properties 
determine the whole construction lifetime period. Concrete hardening and setting processes are the most critical 
phases during construction work, influencing the properties of concrete structure. For this reason applying non-
destructive testing in the early age of concrete lifetime can be useful. Some Non-Destructive Testing Methods, 
mainly Acoustic Emission Method, were applied for describing concrete properties in the early age. Acoustic 
Emission Method is an unusual technique which describes only active defects or changes into structure, 
consequently dangerous tension into structure. The method is appropriate to be used in homogenous structures 
such as metal structures and so the cracks are highly acoustically active (they generate sound). 
Two samples of 400 mm in length, 100 mm in height,  and 100 mm in width, were measured simultaneously in 
each experiment. The samples were made from different mixtures or were treated by different methods. Four 
acoustic emission sensors were placed on the surface of both samples, therefore two on one sample. Acoustic 
emission equipment was started off as soon as possible. The mixture surface had to be hard enough for 
applicable connection of acoustic emission sensors. Special holders  were made so that the sensors surface was 
well joined to the concrete surface. During unmoulding the specimens there was a pause in the experiment.  
Because four channelled equipment was used, the sensors functioned as guard sensors too. Thus when acoustic 
emission hits were detected by a sensor on different sample, the hits were given away at the same time. 
The acoustic emission activities and temperature characteristics of different samples describe concrete hardening 
and setting by interesting results. 
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1.  Introduction 
 
Concrete is a composite construction material frequently used in civil engineering. Its initial 
properties determine the durability whole construction. Concrete setting and hardening 
processes are the most critical phases during construction work, influencing the properties of 
concrete structure. For this reason applying non destructive testing in the early age of concrete 
lifetime can be useful [1][2]. Acoustic emission is the term for the noise emitted by material 
and structures when they are subjected to stress. Types of stresses can be mechanical, thermal 
or chemical [3]. This emission is caused by the rapid release of energy within a material due 
to events such as crack formation, and the subsequent extension occurring under an applied 
stress, generating transient elastic waves which can be detected by piezoelectric sensors 
[4][5]. 
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-
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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 [6][7]. Fracture in a material takes place with the 
release of stored strain energy, which is consumed by nucleating new external surfaces 
(cracks) and emitting elastic waves, which are defined as acoustic emission waves. The elastic 
waves propagate inside a material and are detected by an acoustic emission sensor. Except for 
contact less sensors, acoustic emission sensors are directly attached on the surface [6][8]. 
The setting and hardening process of concrete can be considered as the most critical time 
period during the life of a concrete structure. To assure high quality and avoid problems in 
performance throughout the life of the material, it is essential to have reliable information 
about the early age properties of the concrete [9]. The properties of concrete are solely 
determined by the composition of its ingredients and the conditions during the setting and 
hardening process [10]. There are many techniques to determine concrete properties. Their 
application during early age is very complicated or even impossible [11]. 
 
2.  Experimental setup 
 
Two samples of length, 400 mm, height, 100 mm, and width, 100 mm, were measured 
simultaneously. Four acoustic emission sensors were placed on the surface of both samples. 
(see Fig. 1 and Fig. 2) Two sensors were placed on the first sample and the other two ones on 
the second sample [7]. Each sensor was kept by specially made holder, so that the contact 
between sensor and sample surface was easy to achieve. Two different concretes mixture 
were prepared. The first mix was "classical" concrete with fibres and the second mix was 
concrete with a silica fume with fibres. The composition of each mixture is shown in Tab. 1. 
 

  

Fig. 1. Photography of “classical” concrete 
during the measurement 

Fig. 2. Photography of concrete with 
silica fume during the measurement 

 



Tab. 1. The composition of mixture for 1 cubic meter 
 

“Classical” concrete Concrete with silica fume Ingredient Weight [kg] Weight [kg] 
Cement 1000 740 
Superplasticizier 15 15 
Water 280 260 
Sand 0/4 940 1245 
Fibre 6 mm 10.5 10.5 
Silica fume - 60 

 
3.  Results 
 
The graph in Figure 3 shows the dependence of the cumulative counts of events of acoustic 
emission on time for both specimens. Comparison of the two specimens shows that while the 
„classical“ concrete has a faster onset events of acoustic emission and thus the creation of 
micro-cracks, which may be caused to the higher lot of cement. The concrete with silica fume 
has a slightly more events of acoustic emission in the end of measured time period of 24 
hours. The beginning of the acoustic emission measuring is shifted by 6 hours after mixing 
because is impossible stick the sensors to the surface of the specimen. 
 

Fig. 3.  Dependence of cumulative counts of events (NC) on time (t) 
 



  

Fig. 4. Four point bending – illustrative 
picture 

Fig. 5. Photography of real experiment 

 
The graphs in Figure 4 and 5 show the scatter graph of overshoot count versus amplitude. 
These graphs show us that concrete with silica fume has a larger number of medium 
amplitudes that may be caused by a greater number of smaller micro-cracks. The "classical" 
concrete in compared with concrete with silica fume has a slightly larger number of higher 
amplitude which may be caused by larger micro-cracks. 
 

Fig. 3.  Dependence of cumulative counts of events (NC) on time (t) 
 
The graph in Figure 6 shows the development differences of temperature during the 
measuring. (The difference of temperature is determined by the subtracting the temperature 
inside the specimen from the air temperature in the laboratory). There is you see at a faster 
hydration reaction "classical" concrete than concrete with silica fume which is caused by the 
higher lot of cement. The hydration reaction is more intensive in concrete with silica fume 



which is caused by activation of the active ingredient in silica fume since 15 hours of the 
beginning of measurements. 
 
4.  Conclusion 
 
Acoustic emission appears as a powerful tool for determining the rise of micro-cracks in the 
hardening concrete. It can be assumed that the greater numbers of acoustic emission events 
are caused by higher numbers of micro-cracks in the concrete specimen. The application of 
acoustic emission method during the hardening of the concrete structure can help to obtain 
better properties of the concrete structures. Nevertheless, her application immediately after 
mixing the concrete is not easy. 
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