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Abstract  

As it is well known, AE signal amplitude is the key parameter for the calculation of the b-value (GutenbergRichter 

index), used as an efficient index to evaluate damage in materials and structures. However, several physical aspects 

clearly influence on the signal amplitude, i.e. wave attenuation, propagation mode type and geometry of the 

specimen. In composite materials as reinforced concrete (RC), attenuation is quantitatively important, which leads 

to work to low frequencies sensors for which attenuation decreases significantly and larger distances between 

sensors can be used. In this context, the influence of attenuation of the acoustic emission (AE) waves on the 

behaviour of b-value used for damage evaluation is examined in this work. For that, the AE signals coming from 

pencil lead breaks and generated during three-points bending tests carried out on notched RC beams were used to 

make this study. The influence of the source-sensor distance, the detection threshold and the frequency range of 

the sensors and filter used were analysed along the different tests, clearly showing that all of them have a very 

significant effect on the b-value. In particular, low frequency sensors (20100 kHz) commonly used for RC 

structures, as expected, provided better results due to the lower attenuation of the elastic waves, even when the 

source-sensor distance becomes larger. The importance of the detection threshold is also a relevant contribution of 

this paper.   
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1. Introduction: the AE b-value  

Peak amplitude of the AE signals is a parameter closely related to the magnitude of fractures of 

the structure generating the AE sources. The b-value is obtained from the amplitude distribution 

of AE data, since it is computed on the basis of the power-low relation between the amplitude 

of AE events and their frequency, applying the Gutenberg-Richter relationship [1], modified 

for the AE technique in terms of the peak amplitude in AE decibels. This index was applied 

in the past for assessing damage of reinforced concrete beams subjected to low- cyclic loading 

[2-3]. Other applications included the health monitoring of retrofitted RC structures [4] and the 

evolution of cracks in concrete and cement mortar [5]. These studies suggest a limit for b-value 

that determines the transition between micro-crack growing and macro-crack formation in 

concrete. More concretely, it was suggested that macro-cracks start to develop when b-value is 

less than 1 in concrete. Later, the b-value was modified by Shiotani and collaborators, who 

incorporated statistical values of amplitude distribution analysis and defined the so-called 

improved b-value, (ib-value). This index has been evaluated during uniaxial (static) 

compression tests on granite, rocks and concrete [6-10]. Both the b-value and the ib-value were 

properly compared during rocks fracture by Rao and collaborators [9].  
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Since the b-value is calculated on the peak amplitude distribution, it seems to be logical its 

dependence with all the physical factors that influence on it. This is the case of the sourcesensor 

distance and the frequency range, which influence clearly on the attenuation. Moreover, since 

the b-value is statistically calculated on the peak amplitudes population, the number of the 

signals recorded by the equipment seems to have also a big influence on it. That means that the 

acquisition threshold is a candidate to influence very much on the b-value calculation.  

In this context, this work explores, by means artificial AE sources and AE signals coming from 

concrete cracking of notched beams subjected to bending tests, the influence of these 

parameters on the b-value calculation. Conclusions are correlated with the cracking process 

visually observed during loading.   

2. Attenuation test using PLBs  

Attenuation, propagation mode and geometry of the structure are typically the main factors that 

influence directly on peak amplitude of the AE signals, and thus on the b-value calculation. 

Special influence has also the sensing frequency on the attenuation, and thus on the peak 

amplitude and the b-value. In order to consider these aspects, a preliminary study using artificial 

AE sources (pencil lead breaks, PLB) on a RC beam was carried out. Basically, the following 

variables were considered along this experiment: the source-sensor distance, the detection 

threshold and the frequency range of the AE sensors and filters.  

For this purpose, a RC beam of 120x120x1300 mm3 was built. The compressive strength of 

concrete was 25 MPa and the yield strength of the reinforcing steel was 500 MPa. Three sensors 

were installed on its upper side (CH2 to CH4) and one more (CH1) on the bottom, acting as 

trigger sensor. PLBs were conducted on the edge of the beam as it is shown in Figure 1. Thus, 

three different source-sensor distances were considered (200, 350 and 500 mm).  

  

Figure 1: General scheme of the AE test using PLBs on a RC beam. Distances in mm  

AE signals were acquired with a Vallen Systeme AMSY-5 equipment. Sampling rate was 

2.5 MHz, and acquisition threshold and preamplifier gain were 35 and 34 dB, respectively. 

Moreover, for comparison reasons, four types of sensors, with very different frequency 

sensitivity curve (Figure 2) were used. Thus, using the proper filters, the following four different 

frequency ranges were considered during acquisition, i.e.  

-VS30-V; Filters [25-95] kHz.  

-VS150-M; Filters [95-180] kHz.   

-VS45-H; Filters [180-350] kHz.  

-Pico; Filters [340-660] kHz.  
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Figure 2: Sensitivity curve of each kind of AE sensors and selected frequency bandwidth in each case  

  

Figure 3 shows the peak amplitude in decibels obtained for each type of sensor against the 

sensor-source distance. The loss of amplitude respect to the trigger sensor (CH1) as a function 

of the distance (attenuation curve) is also represented in Figure 3. Each point is an average of 

five PLBs carried out for each kind of sensor. Obviously, when distance and/or working 

frequency increases, amplitude of the signal decrease. As expected, VS30-V sensors, typically 

used for concrete applications, provide the lower attenuation, while Pico sensors working at 

higher frequencies provided an extremely high attenuation. Even, Pico sensor placed 50 cm far 

from the source did not record the PLBs signals. Looking at the graphs of Figure 3 it is clear 

that the decay of amplitude is not lineal as a function of the distance and the acquisition 

frequency range. For this reason it is expected that both, distance and frequency, have a clear 

influence on the b-value index.   

  

 

Figure 3: Attenuation results on the RC beam using PLBs as AE sources  

  

3. Notched beam subjected to bending test  

As second step of this study, the b-value was obtained along two bending tests carried out on 

two similar notched RC beams. Notch was done in order to concentrate as much as possible the 

damage in a portion of specimen. More concretely, two 100x100x1600 mm3 RC beams were 

built and tested at the Laboratory of Building Materials using a universal testing machine with 

a capacity of 100 kN. The compressive strength of concrete was 25 MPa and the yield strength 
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of the reinforcing steel was 500 MPa, i.e. the same type of concrete used in Section 2. Notch 

(10 mm high and 5 mm wide) was done in one of sides of the beams according to Japan Concrete 

Institute of Standard [11].   

The same kind of sensors and frequency ranges than in Section 2 were used. Two types of 

sensors were mounted in beam-1 (VS30-V and VS150-M) and the other two (VS45-H and Pico) 

on beam-2. In both beams, each sensor was connected to two channels of the acquisition 

equipment with the purpose of study the influence of the acquisition threshold. Thus, two 

thresholds, 35 and 45 dB, were considered. In each beam six sensors were mounted: three 

similar sensors at one side of the centre, and the other three on the other side, at distances of 20, 

40 and 60 cm from centre. With this experimental setup, a study of the influence of the distance, 

frequency range and acquisition threshold can be carried out. A general scheme of the 

configuration and experimental setup can be seen in Figure 4. Two broadband sensors 

configured as guard sensor were used to avoid the noise signals coming from friction at the 

supports on the machine. During data evaluation, only signals that passed guard sensors and 

a particular based on RMS filter described in more detail in [12], were taken into account.   

  
Figure 4: General scheme of damaged notched tested. Distances in mm  

Tests were performed by applying an incremental program of load cycles (Figure 5). Cycles 

were proportional each other, with an increment of 4 kN between consecutive cycles. Each 

cycles can be divided in 4 phases: a) loading to constant speed of 10 N/s; b) holding to the 

maximum load; c) unloading; d) holding to 1 kN.   

  

  
Figure 5: Incremental load cycles applied to the notched beams  
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Figure 6 shows the results of the b-value obtained for the range of amplitudes 35-50 dB at the 

end of each loading cycle, for the two threshold, the three distances and the four frequency 

ranges experimentally considered. As it can be seen, the b-value is clearly dependent of these 

variables. A more detailed analysis is carried below for each sensor-source distance.  

3.1 Analysis at the distance of 20 cm   

As it can be observed in Figure 6, the results of b-value index for Pico sensors are not 

represented. This fact is due to the high attenuation at that frequency range (340-660 kHz), 

reason why no AE signals generated by concrete cracks could be recorded. Note that according 

with Figure 3, attenuation for these sensors was 55 dB at 20 cm. Something similar happens for 

VS45-H sensors (180-350 kHz) for which attenuation was 30 dB at 20 cm, and thus not enough 

number of signals were recorded to calculate the index b-value for a higher threshold (45 dB), 

i.e. the most of the signals were between 35 and 45 dB of amplitude for VS45-H sensors, thus 

remaining below the threshold of 45 dB.  

In the case of VS30-V sensor for the threshold of 35 dB, the results showed clearly that as the 

load increases the value b-value decreases, indicating the increasing of level of cracking 

process. As it is suggested in [2,4,5,13,14], when b-value takes values below 1 in concrete, 

macro-cracks appear. The first time that this fact occurs was observed at the second cycle (0.8 t), 

which is consistent with the onset of macroscopic cracks visually observed [12]. For VS150-M 

sensors and the threshold of 35 dB, the index behaves similarly to that obtained with the VS30 

sensors, although at the third cycle of loading (1.2 t) the index grows compared to the previous 

cycle, indicating that the material is microcraking and the specimen is evolving towards a new 

critical condition. This slight increase of the b-value has been confirmed by several authors that 

occurs when the steel starts to yield [4,5,7,12].  

Regarding VS45-H sensors, although provide a similar tendency than VS150-M sensors, 

according to the values, the appearance of macroscopic cracks would not start until the last 

cycle (first time that b-value was less than 1), in disagreement with the visual observation of 

the cracks (Section 4.4).  

For the threshold of 45 dB it can be seen that both types of sensors (VS30-V and VS150-M) 

provided a very similar result, i.e. the appearance of damage (macro-cracks) from the first cycle 

(first time the index b is less than 1). As the load increases the index decreases slightly for two 

types of sensors, although less clearly than for the threshold of 35 dB. ¨ 

 

THRESHOLD 35 dB  THRESHOLD 45 dB                  Distance 20 cm  Distance 20 cm  

 
0,4 0,8 1,2 1,6 2 0,4 0,8 1,2 1,6 2 Load (t) Load (t) 
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 Distance 40 cm  Distance 40 cm  

 
0,4 0,8 1,2 1,6 2 0,4 0,8 1,2 1,6 2 Load (t) Load (t) 

 Distance 60 cm    

 

Figure 6: Values of index b obtained from the bending tests over notched beams as a function of the 

maximum load of each cycle for two acquisition thresholds, four frequency ranges and three 

sourcesensor distances  

3.2 Analysis at the distance of 40 cm  

The b-value obtained using the threshold of 35 dB showed a very similar behaviour for sensors 

VS30-V and VS150-M. The first time that the index for VS30-V sensor fell below the value 1 

was again at cycle 2, i.e. the same than for the distance 20 cm. In addition, both sensors showed 

a growth at the third cycle, instant when the reinforcement began to yield. However, for the 

VS150-M sensor, the b-value did not drop below 1 until the last cycle (2 t), in disagreement 

with the visual observation of the cracks (section 4.4).  

Regarding VS45-H sensors, during the first cycle the signals had low amplitude, and due to the 

high attenuation, an insufficient number of signals were recorded to calculate the b-value. 

Furthermore, although a decreasing of b-value is observed as the load increases, it never fell 

below of 1, also in disagreement with the visual observation of macro-cracking.  

The results for the threshold of 45 dB were almost identical at all cycles than those obtained at 

20 cm, except that the index during the first cycle for VS30-V and VS150-M sensors could not 

be calculated due to lack of signals. The same happened for VS45-H sensors due to high 

attenuation. The values of the index were very similar between VS30-V and VS150-M sensors, 

although the descendant tendency as the load increased was slightly lost, in disagreement with 

the increasing of damage in the concrete.  

3.3 Analysis at the distance of 60 cm  

The most significant result at 60 cm was that no signals were recorded for the threshold of 45 dB 

for any sensor. For the threshold of 35 dB only signals with the VS30-V and VS150-M sensors 
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were detected. However, the results for VS150-M sensors remained always above 1.3, a very 

high value that would not indicate the appearance of macro-cracks in the beam. In the case of 

VS30 sensors, a very high increasing of b-value that would indicate the beginning of the 

yielding of the steel was appreciated at cycle 3, but from there on the values remained very high 

in subsequent cycles. Thus, the results of the analysis at 60 cm can be considered entirely 

unacceptable because the disagreement with the cracks observation.   

4. Cataloguing cracks  

No macro-cracks were observed until during cycle 3, just when the steel began to yield (more 

details can be seen in [12]). For the cycles 3 to 6, Figure 7 shows a diagram with the observe 

macro-cracks on the front, back and bottom sides of the beam. Same results were observed for 

both beams.  

 
Figure 7: Cataloguing cracks in a notched beam along the cycles 3-6. Front, back and bottom sides  

It can be clearly seem that during cycles 3-5 an important number of new tensile cracks 

appeared, increasing as the load increases. At the final cycle 6, new important macro-cracks 

appeared at 45º (shear cracks), previous to the final breakage of the beams.   

5. Conclusions   

The influence of attenuation of the acoustic emission signals on the behaviour of b-value used 

for damage evaluation in reinforced concrete beams has been examined and demonstrated in 

this work by means artificial AE sources (PLBs) and cracks generated by cycling loading of 

notched beams. The influence of position of the sensor, frequency range and acquisition 

threshold is also very clear and critical to evaluate the results of b-value. Both VS45-H and Pico 

sensors, using medium and high frequencies seem to be inacceptable for b-value calculation 

and evaluation, due to the high attenuation to these frequencies. Comparing VS30V (low 

frequencies) and VS150-M (medium low frequencies) sensors, the first one provided the best 

performance in terms of stability of results and evaluation in good agreement with concrete 

cracking process. Moreover, by using low frequency sensors and filters (20-100 kHz) and 

a distance between the location of the sensors and the evaluated area less than 35 cm observed 

in the test, it is possible to ensure with greater guarantee that the value of 1 seems to be a good 

limit between micro- and macro-cracks in concrete.   

  

  

Front 

Back 

Bottom   
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