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Abstract: The monitoring of concrete structures bythe acoustic emission (AE) technique allows the detection and the 
localization of damage. The source location is determined by a triangulation algorithm based on the arrival time of AE 
signals recorded by sensors placed at the surface of the material, and the measured concrete wave velocity. The accuracy of 
AE source location depends on many assumptions. In this paper, the accuracy related to the choice of the onset detection of 
AE signals and to the location algorithm is studied. A statistical analysis of AE location maps based on the distribution of 
AE events is presented. The accuracy of AE location is also evaluated and compared between the studied methods. 
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I. INTRODUCTION 
 
The monitoring of nuclear facilities and concrete 
structures is a major concern in the field of civil 
engineering to ensure safety and durability. A 
realistic description of cracking allows a better 
understanding of the degradation problems in 
concrete. In the case of a quasi-brittle material such 
as concrete, macro-cracks occurs after the 
development of a micro-cracked area, called also 
fracture process zone (FPZ)[1-5].The main objective 
is to provide a further insight in the description of the 
FPZ evolution in order to prevent the propagation of 
damage. This is because the accumulation of micro-
cracks causes a local decrease of the mechanical 
characteristics of the material leading to crack 
propagation. 
Micro-cracking is a phenomenon of localized damage 
causing the release of mechanical energy. It results 
from this mechanical event the propagation of an 
elastic wave in the material. The acoustic emission 
technique enables the detection of vibration 
bypiezoelectric sensors located on the material 
surface. The main interest of the AE is that itallows 
the monitoring of damage continuously. It allows 
also,through the analysis of waves arrival time and 
triangulation,the locationof micro-cracks. 
The location of AE events by the triangulation 
technique is mastered [6]. Nevertheless, the quality of 
the results is sensitive to different criteria [7]. First, 
the 2D approximation can affect the quality of the 
location in the case of beams having a relatively large 
thickness. Indeed, the wave propagation and the 
location of their sources is a volume problem, and the 
principle of triangulation is to reduce an error 
between the measured data and those derived from a 
source whose position is known. The position in a 
plane surface leads to a significant error on the 
position. The main consequence of this 
approximation is a poor representation of the damage 
map of the studied structure. Another important 

criterion for performing a good location is how the 
beginning of an AEsignal is defined. The 
triangulation methodis performed based on the 
detection delays of AE signals between sensors. 
Different techniques are available in the literature for 
defining the beginning of an AEsignal [8]. Finally, if 
the principle of location is still the same, the way in 
which the minimization problem is resolvedaffects 
the final result. The simplex algorithm is the most 
used for its timeliness. However, this algorithm only 
allows convergingto a local minimum of the 
minimization problem and may lead, in some cases, 
to an incorrect solution. 
In order to better understand the influence of the 
criteriaraised above,three point bending tests were 
carried out on notched concrete beams. The 
monitoring of the damage is carried out by means of 
the acoustic emission technique. The first part of the 
following work is to ensure reliable location of 
micro-cracks. Two evaluation criteria for the 
beginning of each AE signal are presented. Their 
influence on the overall result of the location is 
highlighted. Subsequently, an alternative algorithm is 
proposed to overcome the weaknesses of the 
algorithm commonly used in the resolution of the 
location problem. The advantages and disadvantages 
of both methods are discussed. The accuracy and the 
possibility of improving the AE technique are also 
discussed. 
 
II. EXPERIMENTAL DETAILS 
 
2.1. Materials and Procedures 

 
The dimensions of the testedconcretebeams are L x 
hxl = 500x150x50 mm. Acentral notch of 1mm 
widthis located at the bottom part of the beamsand 
measure 50mm in height.The concrete is an ordinary 
25 MPa usually used in construction.The composition 
of the used concrete is shown in Table 1. From this 
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concrete, three beams were made and tested under 
three point bending test. 
 

Table 1: Concrete composition 
 

Constituents Mass proportions  
Cement CEM II 32.5 400kg.m-3 

Eau 215kg.m-3 
Sand 0-5 mm 590kg.m-3 

Coarse aggregates 5-
12.5 mm 1175kg.m-3 

 
The three-point bending test was performed usingan 
electromechanical press MTS of capacity of 50kN 
(Figure 1). The loading of the beamwas performed 
with a constantcrack mouth opening rate of 
0.3mm.min-1. The crack opening is considered as the 
average measured by two LVDT (Linear Variable 
Differential Transformer)sensors placed on the two 
main faces of the beam. 
 

 
Fig.1. Three point bending test on concrete beam 

 
2.2. Acoustic emission measurements 
 
The monitoring of the damage is carried out using a 
network of 8 piezoelectric sensors Nano30 of 
resonance frequency equal to 250 kHz. The two main 
faces of the beam were instrumented with 4 sensors 
so as to perform a 3D localization of acoustic events.  
A sampling frequency of 1MHz was used for the 
acquisition of AE signals. Those later were amplified 
with a 40 dB gain differential amplifier. The signals 
are converted by a PCI-card 8 and filtered by a low 
pass filter of 400 kHz and a high pass filter of 
100kHz. The signal detection threshold was set at a 
value of 40dB.The signals (or hits) are then grouped 
by the software AEwin (Mistras Group) into acoustic 
events based on their arrival time. Thus a set of 
signals received by the sensors (at least four), in a 
period of 40 microseconds form an event. This time 
window corresponds to a propagation distance of 
15cm. The measured wave propagation velocity is of 
about 3500m.s-1.This velocity was measured using 
thenormalized pencil lead break procedure. 

2.3. Adaptive meshing algorithm (AMA) 
 

The location of micro-cracks is determined by 
solving an error minimization problem between the 
received data by the sensors and those from an 
artificial event with a known position. The retained 
position corresponds to that of the artificial event for 
which the error criterion is minimum (Figure 2). 
The simplex algorithm is the most used in the 
literature for the localization of AE sources. The 
position of the artificial event, placed randomly at the 
beginning,is modified until the local minimum of the 
error criterion is obtained. The main advantage of this 
method is its speed. However, it requires a starting 
position, which can greatly affect the results. 
Moreover, the algorithm can converge to a solution 
corresponding to an event located outside the studied 
structure. The following work is based on another 
location method. The position of an event is not 
defined from an initial position but from a set of 
positions covering the damage referred area. Figure 2 
shows an example of error calculation between a 
fictional event on the node of the mesh used and the 
measured data set from an event which one seeks the 
position. This error is calculated for each node of the 
mesh. The location of AE event matches the node 
where the error is lowest. 
To increase the accuracy and reduce the cost of 
calculation time of this technique, three successive 
meshes are used to determine the position of a single 
event. Thus, the first mesh covers a large area 
surrounding the sensors with a coarse mesh 
(centimetre). A new tighter mesh is then used around 
the position adopted earlier. This operation is 
repeated until obtaining a solution in a mesh whose 
nodes are spaced apart by 3 millimeters. This 
adaptation of the mesh makes it possible to 
manipulate matrices of small dimensions in order to 
make the operation faster. 
The main advantage of the adaptive meshing is to 
avoid local minima problems since many solutions 
are calculated and compared to retain the one 
havingthe lowest error. The disadvantage of this 
technique is the calculation time required to 
determine the position of an event. It is between 
fiveand ten times higher than for the simplex 
algorithm. It should be noted that this disadvantage is 
not so significant in this case since the minimization 
of errors for the location of the set of events (4792 in 
this case) is of the order of 5 minutes. 

 

 
Fig.2. Principal of Adaptive Meshing Algorithm (AMA). 
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Figure 2 show how AMA work to find the event 
location. Measured delays (dtmes) between transducers 
are compared to delays computed at each node of the 
mesh (dtmesh). The comparison between those two set 
of data is made with the following criterion witch is 
the same for simplex method: 

휁 = 푑푡 − 푑푡 , 

where: 
 n: is the number of transducers which record 

the signal, 
 i: is the ID of the transducer. 

The final position of AE event is the position of node, 
which gives the lower criterion. 
 
III. RESULTS AND DISCUSSION 
 
The determination of the beginningof AEsignals has 
been identified as a source of error for the events 
location. Indeed, the overall delay measured between 
the sensors is influenced by the method of 
determining the beginning of the AE signals. The 
acquisition of data used in this work has been 
performed using a fixed threshold. This technique 
defines the start of a signal as the time at which the 
amplitude received by the sensor exceeds a 
previously established threshold (40 dB here). The 
disadvantage of this technique is that it isnot adapted 
to each signal. Figure 3 illustrates this problem; for a 
low amplitude signal, animportantdelay between the 
beginning of the signal determined by the fixed 
threshold method (magenta) and the apparent 
beginning of the signal is observed. 
Figure 4 shows the influence of the choice of this 
criterion on the location maps for two methods for 
solving the location problem (see section 2.3). A 
concentration of acoustic events is observed in the 
cracking zone, which is located above the notch. 

 

 
Fig.3. Typical acoustic waveform 

 
Figure 4 shows alsothe histograms of the density of 
events in each direction (x, y, and z) after the two 
methods of error minimization (Simplex and AMA) 
were applied. Each blue dot represents one of the 
4792 events recorded by the acquisition system. No 
filters were applied to the data. The results are those 
of the two different methods of minimization on the 
same dataset. The error criterion of minimization is 
identical in both cases. 
The main difference between the two methods is the 
number of events outside of the tested beam (see 
Table 2). All the events located on the borders and 
outside the volume of the beam are considered 
outside. 

Table 2: Error proportions 
 Variable threshold Fixed threshold 

AMA 20,20% 27,46% 
Simplex 52,23% 73,96% 

 

 
Fig.4. Localizations and distributions of AE Events 

 
Figure 5 shows the histograms of the errors 
distribution for all the tested methods of optimization 
(simplex and meshing) and both methods of the 
identification of the signals starting time. It can be 
seen that 15% of the events are localized with an 
error less than 5 mm. There is then no difference 
between all the tested methods in the case of small 
errors. However, for the rest of the events, a high 
accuracy of the AMA can be observed. For instance, 
more than 60% of the events are localized with an 
error less than 20 cm when using AMA and only 20% 
when using simplex algorithm. The methods of 
identifying the signal starting time, and the algorithm 
of minimization have an important effect on the 
accuracy of the events localization. The result of 
AMA with the floating threshold is found more 
accurate than the others tested methods.  
 

Fig.5. Distribution of the localization errors for both 
optimization algorithms and both methods of the identification 

of the signals starting time 
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CONCLUSIONS 
 
The main objective of the presented research work is 
to reconstruct a map ofcracking in concrete based on 
the location of acoustic emission events. Initially, the 
reliability of two localization algorithms was studied. 
The influence of the criteria for evaluating the 
beginning of AEsignals on the location map was also 
analysed. The use of thevariable threshold criterion is 
justified by its effectiveness withsignals of small 
amplitudes, which represent a large part of the 
recorded signals. On the other hand, the amount of 
localized events within the beamis affected 
significantly when the floating threshold is used. A 
locating method forsolving the optimization problem 
by adaptive meshing is proposed to address the 
weaknesses of the simplex algorithm. 
Althoughthedistribution of AEevents around the 
crack is essentially identical for the two methods, the 
meshing algorithmallowsthe localizationof a large 
number of events within the beam. 
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