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Abstract. The paper deals with the topic of linear localization of acoustic emission sources in 

fine-grained alkali-activated composites. The accuracy of the localization of acoustic emission 

events depends on the homogeneity of the environment with regard to the propagating 

ultrasonic waves. The pilot experiments were conducted on three placements of the acoustic 

emission sensors relative to the axis of the test specimen in a semi-circular bending 

configuration. The aim of these pilot experiments was to assess the influence of the acoustic 

emission sensor placement relative to the stress concentration on the localization of the 

acoustic emission events. 

Introduction 

The acoustic emission method is a very effective method for the detection of various levels of 

structural damage in different types of materials [1]. Accurate localization of acoustic 

emission sources can be used to derive crack initiation and propagation [2-4]. Substantial 

effort has been devoted to the study of accurate localization of acoustic emission sources and 

a number of algorithms have been devised to determine the source of acoustic emissions. 

These algorithms can be divided into two groups - non-iterative (they have the same velocity 

for all stations, so they are inflexible in dealing with variable velocity models) and iterative 

(the derivative method, the sequential search method, the genetic algorithm and the simplex 

method) [5-8]. 

The given algorithms are based on the assumption that acoustic waves propagate directly 

from the source to the sensor along a straight line. That is to say, the environment in which 

the waves propagate is sufficiently homogeneous for the generated acoustic waves. The 

described algorithms lose accuracy in the case of two distinct environments or in the case of 

refraction of the generated waves [9,10]. 

The pilot experiments involved linear localization of the acoustic emission sources. We 

focused on the influence of the sensor placement on the recorded localized acoustic emission 

events. At the same time, the experiments aimed to find the ideal placement for acoustic 

emission sensors relative to the stress concentration for a planned series of experiments. 

Experiment description 

The experiments were conducted in a semi-circular bending configuration [11]. The 

advantage of this configuration is the initiation of a tensile crack even under compressive load 

see Fig. 1 and photographs in Fig. 2. The experiment parameters were as follows: 
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• disk radius R = 50 mm, 

• span between the supports S = 80 mm, 

• notch length a = 25 mm, 

• notch angle of inclination β = 50°. 

 

    
Fig. 1: Diagram of the semi-circular bending configuration used in the experiments [11] 

 

    
Fig 2: Photographs of the experiment before and after the fracture 

 

The AE activity was observed by DAKEL-ZEDO system. DAKEL-ZEDO is a modular 

system for measuring AE that can be used throughout the entire spectrum of the application of 

this diagnostic method, for example, the detection and localization of the formation and 

development of the failure of materials. To measure this, the four-channel unit ZEDO-AE 

were used.  The sensors were attached on the specimen surface with beeswax. The measuring 

AE parameters were set as follows frequency range 80–400 kHz; pre-amplifier 35 dB; 

software amplifier 20dB. The one sensor (guard-sensor) was mounted on the test equipment 

to catch the noise of background. 

Results and discussion 

The pilot tests were conducted on a fine-grained alkali-activated material. The dose of 

activator was adjusted to 6% Na2O concerning the slag weight. Water to slag ratio was 0.45 

(including water from the activator). Sand to slag ratio was 3:1 (by weight). Siliceous sand 

was with a grain size of up to 2 mm (consisting of three fractions according to EN 196-1). 

This fine-grained composite material is expected to contain minimal structural 

inhomogeneities that would prevent the passage of the generated mechanical waves. Three 

placements for the acoustic emission sensors were selected, see Figs. 3–5. Each sensor 

placement was subjected to determination of the localized position (vertical axis – the zero 

value is the position of the sensor that is in the notch section of the test specimen, left sensor) 

and amplitude of the acoustic emission (circle diameter) in relation to time. A graph of the 

course of the loading force in time is also presented. 

In configuration A (Fig. 3), the sensors were placed symmetrically 30.0 mm from the axis 

of the test specimen. The left sensor, to which the distance of the localized events is related, 
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was at a direct distance of 17.7 mm from the end of the notch. The graph shows a cluster of 

localized events at the distance of 18.0 mm at the moment of reaching the maximum force. 

This cluster is probably connected to the formation of a crack emerging from the end of the 

notch. Later, more significant events are evident near the test specimen axis. This is related to 

the shift of the crack front towards the test specimen axis. 

In configuration B (Fig. 4), the left sensor was placed 20.0 mm from the test specimen axis 

and the right sensor 30.0 mm from the test specimen axis. At the same time, the left sensor 

was at a direct distance of 14.0 mm from the end of the notch. In this configuration, it can be 

observed that no events near the end of the notch were localized at the moment of reaching 

the maximum force. This was probably caused by the small distance of one of the sensors 

from the end of the notch. 

In configuration C (Fig. 5), the left sensor was placed 30.0 mm from the test specimen axis 

while the right sensor was placed 20.0 mm from the test specimen axis. The left sensor was 

therefore at the direct distance of 17.7 mm from the end of the notch, as in configuration A. 

An event was localised at the distance of 17.3 mm from the left sensor at the moment of 

reaching the maximum force and probably corresponds to the formation of a crack front. 

Other localized events again indicate the shift of the crack front towards the axis of the test 

specimen. 
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Fig. 3: Diagram of configuration A with results 

(middle graph - vertical axis – the zero value is the position of the sensor that is in the notch 

section of the test specimen, left sensor) 
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Fig. 4: Diagram of configuration B with results 

(middle graph - vertical axis – the zero value is the position of the sensor that is in the notch 

section of the test specimen, left sensor) 
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Fig. 5: Diagram of configuration C with results 

(middle graph - vertical axis – the zero value is the position of the sensor that is in the notch 

section of the test specimen, left sensor) 

 

Conclusion 

The pilot experiments sought to identify a suitable position for the placement of the sensors in 

relation to the axis of the test specimen. Based on the results presented above, configuration B 

was discarded since it failed to successfully locate the acoustic emission events that would 

correspond to the theoretical assumption. The localized events also failed to match the 

physical outcome of the experiment. Configuration A was also discarded although its results 

were more consistent with both the theoretical assumption and the physical result. It was 

discarded because of a large number of false acoustic emission signals. 

Configuration C was therefore selected for further experiments since the localized acoustic 

emission signals corresponded to both the theory and the physical result. At the same time, 

this configuration managed to filter out a large number of false signals. This is probably due 

to suitable distances of the individual sensors from the notch and from the axis of the test 

specimen. 
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