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ABSTRACT 
 
In matured countries for infrastructures, the assessment of current condition of infrastructures 

is in urgent demand. As a whole of infrastructures are not always maintained in the same level, 

each inspection techniques corresponding to the damage scale of interest shall be established. 

Elastic waves’ approaches such as ultrasonic wave and acoustic emission have great potential 

to assess those wide range of damage as to adjust the adapting frequencies; however, they are 

yet to be generalized as there is a discrepancy between the laboratory studies and on-site 

applications. For example, damage areas could be extracted based on the active part of 

acoustic emission, and an index to quantify the integrity of the infrastructure could be 

determined from an elastic wave feature. For the former, however, as the monitoring procedure 

as well as the method of load-application have not been systematically studied, ultrasonic 

tomography has been well conducted supplementarily. For the latter, although such elastic 

wave features as wave velocities and frequencies have been applied to define the damage, no 

decisive parameter has yet to been generalized. In the paper, conventional damage-associated 

elastic wave parameters have been reviewed and new index to assess the damage has been 

proposed. The index, namely Q-value has been experimentally studied with specimens including 

a variety of artificial damages. And as for the approach to extract the damage-prone areas, an 

ideal and effective method, AE tomography, combining AE monitoring with elastic wave 

tomography is detailed through the calculation algorithm, followed by in-situ applications. 
 
Key words: Infrastructures, damage assessment, ultrasonic waves, acoustic emission (AE), AE 
tomography, Q-value.  
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1. Introduction 

There can be no doubt that infrastructures shall be maintained properly through their service 

life. For the proper maintenance, however, the strategic procedure not only for the detection of 

damage but also the effective repair method has not been established. The conventional way to 

maintain the infrastructure is referred to as ‘reactive maintenance,’ where repair or replacement 

have been carried out when the damage becomes remarkable. This concept is effective when 

sufficient amount of investment can be secured, while for the current situation of the country 

where a lot of infra-stocks have been constructed and there a limited budget expected due to 

shortage of taxation, the existent infrastructure shall be maintained from their initial 

tiny-damage expecting to minimal investment. This idea as to maintain the infrastructure from 

the initial damage with minimal investment is referred to as ‘proactive maintenance,’ assuming 
the potential to assess the damage from the initial level. At present, nevertheless, there are no 

decisive technique to evaluate the initial damage in especial where the damage evolves from 

internal area of the infrastructure. Acoustic emission has potential to detect internal damage in 

progress as it uses elastic waves, namely AE waves generated due to cracking. As for the 

existent damage, where no progressive damage was anticipated, ultrasonic techniques 

transmitting and receiving ultrasonic waves might be applicable. In these circumstances the 

authors have been studying both of passive acoustic emission (AE) and active ultrasonic (UT) 

tomography technique and proved the usefulness to combine the AE and UT tomography to 

qualify and following identification of the damage for the laboratory specimen [1] and in-situ 

concrete bridge deck [2]. In addition to these strategic monitoring procedures, the quantification 

of damage is other crucial issue to assess the infrastructure. Ultrasonic wave velocities have 

been studied to relate the quality as well as the strength of the concrete [e.g., 3, 4]; however, the 

velocities are not intrinsic values that do not only depend on the quality of concrete but highly 

influenced by the frequency excited and eventually propagated distances [5, 6, 7].   

 

 
2. Conventional damage related elastic wave parameters 

2.1 Velocities  

To simulate several amount of damage, a vinyl inclusion of 15 x 15 x 0.5 mm was prepared, and 

the cubic specimen with side of 150 mm included in contents of 1%, 5% and 10% of inclusions 

were each made [8]. P-wave velocities through the specimens can be found in Fig. 1. The pulse 

velocity of material with 10% inclusions is decreased by only 3% compared to plain mortar, 

while the material with 1% inclusions exhibits practically the same velocity with plain mortar, 

namely 4,000 m/s. It is mentioned that the typical error associated with the digitization sampling 

rate is 10 m/s, while the values are the average of 10 different measurements on each specimen. 

As a result, the above velocity differences between different materials (within 120 m/s) would 

not reveal mentionable quality discrepancies.  
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A feature that takes into account the later arrivals of a waveform is ‘group’ velocity. In general, 
group velocity is a measure of the velocity with which the major part of energy propagates. The 

calculated values of group velocity are depicted again in Fig. 1 for different inclusion contents. 

This parameter is much more sensitive to damage since the group velocity of material with 10% 

vinyl is decreased by 70% compared to the sound material’s one, while even material with 1% 
inclusions exhibits group velocity slightly decreased compared to the plain mortar.  

 

 
 

Fig. 1: Wave velocities with damage contents. 

 

 
 

Fig. 2: Normalized amplitude with damage contents. 

 

2.2 Energy 

Energy parameters are more sensitive to damage than pulse velocity [9, 10]. To quantify the 

difference, the absolute amplitude of the waveform was used as well as the total energy, 

calculated by the area under the rectified signal envelope. The results are presented in Fig. 2. 

Both energy and amplitude decrease significantly with the inclusion content, even for the case 

of 1% inclusions. This loss of energy is mainly attributed to the combination of the following 

two reasons. One is the redirection of energy components that never reach the receiver and the 

other is the material damping that depends on the length of the wave path. Thus, its influence is 
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smaller for the shortest path (typical for propagation in homogeneous material) and higher for 

longer paths (in scattering media).  

 

 
 

Fig. 3: Frequency features with damage contents. 

 

 
Fig. 4: AE peak frequency with progress of fatigue damage. 

 

2.3 Frequencies 

The inclusions could influence individual wavelengths in a different way. Therefore, except 

time domain, valuable information can be obtained by simple analysis in the frequency domain. 

In Fig. 3a, the fast Fourier transform (FFT) of typical signals from plain mortar and mortar with 

inclusions are depicted. The energy difference is evident. The other important feature is the 

downshift of the spectrum. The content at higher frequencies (e.g., above 200 kHz) is 

diminished more intensively than lower ones, as seen in Fig. 3a. The central frequency of 260 

kHz for plain mortar decreases to 150 kHz for ‘‘damaged’’ mortar showing that this is another 
feature that can enhance the inhomogeneity characterization. 

The frequency features of AE have also effective to assess the fatigue damage [11]. When 

dealing with the secondary AE activity obtained mainly from identical types of source, namely 

friction between existent crack interfaces, the frequency components of detected AE waveforms 

are worth studying. In this examination several levels of fatigue had been introduced by 

repetition of iron-wheel loads. Details can be found in the literature [11]. Figure 4 shows the 
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average of peak frequencies of detected AE waveforms in each case. Undoubtedly the peak 

frequency of AE events decreases with damage progress, and it was confirmed that the peak 

frequency of measured AE signals could be a clue to provide the degree of fatigue damage. In 

Fig. 4, the AE events obtained from in-situ specimens where serious lateral cracking had been 

confirmed are added as for the reference. Low average frequencies were obtained from both of 

the in-situ specimens. The average peak frequencies in the in-situ cases are equal to or even less 

than the value of 20,000, suggesting the in-situ specimens were damaged as equivalent or more 

to the case of 20,000 passage. 

 

 
3. Q-value, new approach for assessing damage with transfer function of AE 
waveforms 

As shown previously the frequency characteristics of AE waves could imply the damage 

condition of infrastructures. In this case, exact quantitative evaluation for the damage is only 

possible in case where every AE waves travelled in the compatible distance. As the frequency 

characteristics of AE waves are also known that they depend on the resultant propagation 

distance, obtained frequency does not always demonstrate the damage condition, providing the 

rough evaluation [12]. Thus transfer functions of propagation media are described here to 

quantify the damage with AE waveforms [13]. 

 

3.1 Conceptual configuration 

AE waveforms are obtained as convolution of functions of source, propagation media, sensor 

and acquisition system in the time domain, and those frequency responses can be formulated by 

a simple multiple equation in the frequency domain: 

 

 (1) 

 

Here X(f), S(f), D(f), T(f), U(f) are Fourier transforms of detected AE waveforms, AE source, 

propagation media, sensor and acquisition system, respectively. D(f) in Eq. 1 is the target to 

quantify the damage; however, as S(f) is not readily obtained in AE technique, an approach to 

identify D(f), being irrespective to source time function is crucial. In AE application, plural 

numbers of sensors are employed to locate the AE source, and therefore the comparison of 

waveforms detected among different sensors for an AE source could suffice this requirement as 

in Eq. 2 assuming the frequency responses of all the sensors employed are compatible.  
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On the other hand, as D(f) is dependent on propagation media attenuation, Eq. 3 can be defined 

as well, where f is a frequency (Hz), V is a P-wave velocity (m/s) and Q is a normalized value 

demonstrating attenuation rate.  
 

 (3) 

By combining Eq. 2 and Eq. 3, Eq. 4 is obtained.  

 

 (4) 

 

 

Equation 4 shows that a function of frequency response can be expressed by an exponential 

function depending on the difference of distance Δd and frequency f. 

 

 
Fig. 5: Concrete specimen for ultrasonic measurements. 

 

3.2 Preliminary examination 

As shown in Fig. 5, concrete specimen of 500 x 500 x 100 mm was prepared placing four AE 

sensor of 60-kHz resonance at the four corners on the bottom surface. Ultrasonic wave 

excitation was made using the wideband AE sensor (1045S, Fuji Ceramics), where electric 

pulse was made by PUNDIT (-500 kHz, CNS Electronics) . 

 

 

To examine the potential influence of heterogeneity of the concrete specimen on the transfer 

function in the intact specimen, excitations at the intersectional points in the line between Ch1 

and Ch4 sensors were conducted with Ch2 and Ch3 operated as receivers. Switching of sensor 

pairs was also used. Figure 6 shows the ratio of Ch1 to Ch4 in frequency response when the 

excitations were made along the line between Ch2 and Ch3. As many excitation points were 

employed, three lines for the mean value  and  ± standard deviations σ were drawn. Two 

important facts can be found: even for intact condition the frequency response showed 




 d
QV
f

fD


exp)(





  i

ii d
QV

f

fD

fD

fX

fX 
exp

)(

)(

)(

)(

11

1ddd ii  ),,2(),( niddi 

536



difference from the point measured, and the frequency response needs to be discussed in the 

range of effective frequency response of the sensor employed, i.e., this case the range of 60 

to180 kHz. 

 
 

Fig. 6: Ratios of Ch1 to Ch4 in frequency response. 

 

Fig. 7: Ratios of frequency responses for the differences of propagation distances. 

 

To verify the frequency response corresponding to the propagation distance, other intersectional 

points than above were used to excite the signal. The ratios of frequency responses for the 

differences of propagation distances can be found in Fig. 7. The legends of the figure show the 

difference of propagation distances. The decrease rate for higher frequency above 100 kHz 

becomes more remarkable as the difference of propagation distances becomes larger. As this 

trend had a good accordance with Eq. 4, the slope of the ratios, α in Fig. 7 were calculated by the 

approximation, where the slope can be defined as Eq. 5.  

 

 (5) 
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Fig. 8: Relation between the slope α and differences of propagation distances. 

 

Figure 8 shows the relation between the slope α and differences of propagation distances. 

Surprisingly the relation can be well approximated by a linear equation, resulting in good 

agreement with Eq. 4. Of course this slope α correlates well to the difference of propagation 

distance, but more likely to demonstrate the properties of propagation media. This is the very 

concept to quantify the damage of the materials with transfer functions using AE waveforms.  

 

 

Fig. 9: Prism mortar specimens with different height. 

 

3.3 Application to the mortar specimens with several degrees of artificial damage 

To verify whether the concept of the ratio of frequency responses is applicable to the 

damage assessment of concrete, homogeneous standard mortar with formed polystyrene 

spheres simulating damage was prepared as test specimens. As shown in Fig. 9, the prism 

mortar specimens have dimensions of 150 x 150 mm with different heights: about 100, 200, 

300, 400 and 500 mm. In order to simulate the damage, spherical foamed styrene material (6 

mm in diameter) was used as a false cavity, with four types of volumetric percentages as 0%, 

1%, 5% and 10%. Two types of elastic wave excitation were made by pencil-lead break and 

electric pulser (PAC) with a wideband AE sensor (1045S, Fuji Ceramics). Piezoelectric 

sensors of 60 kHz resonant (R6, PAC) are employed for the receiver. The signals detected by 

the sensor were amplified by 40 dB at the amplifier, and processed and recorded by AE 
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monitoring system (SAMOS, PAC) with 1 MHz rate and 1k words samples. The elastic wave 

was excited at the center on the top surface of the specimen, and received by the sensor 

installed in the bottom surface.  

Fig. 10: Frequency distributions with different distances (damage content: 5%). 

 

As a typical case, the result of damage content of 5% is shown as in Fig. 10. Figure 10a shows 

the frequency distribution for the case of elastic wave excitation by electric pulser, and b shows 

that by pencil-lead break. The frequency spectra decrease with the increase of propagation 

distance, and the decrease rate is large as the frequency becomes high. It can be thus obvious 

that this result accords well to the theoretical formula as shown in Eq. 3 demonstrating the decay 

with the propagation distance. As for the difference of propagation distances, the attenuation 

trend as a function of frequency becomes remarkable when the propagation distance becomes 

longer even in the case of the same degree of damage (5% in this case), suggesting that it is not 

easy to evaluate degradation only by the frequency related parameters as the frequency centroid 

and the peak-frequency which are well used to relate damage with elastic waves’ parameter.  

The ratio of frequency spectrum response is determined based on the cases of at least 100-mm 

propagation distance. Specifically, the ratio of frequency response for the 96-mm propagation is 

obtained from the spectra of 196-mm and 100-mm propagation distances. Other ratios of the 

spectral difference of propagation distance for 208 mm, 320 mm and 444 mm are obtained in a 

similar manner from the frequency spectra of 200-500 mm in propagation distances (or the 

height of specimens). Calculated results (for 96 mm, 208 mm, 320 mm, and 444 mm) as a 

function of the frequency can be found in Fig. 26. Two straight lines in the figure show the linear 

approximation over the frequency between 0 to 200 kHz for the ratio of frequency responses of 

distance difference 96 mm and 444 mm. In this experiment, as the same type of receiving sensor 

were used for all the measurement, T2(f)/T1(f) in Eq. 2 can be regarded as 1 in all the frequency 

bands. Because of the heterogeneity of the mortar specimen, the ratio of frequency responses 

does not form a straight line like a theoretical formula. Therefore, the regression line is used by 

carrying out linear approximation of the frequency response ratio. 

 

 

 (a) Pulser (b) Pencil-lead break 
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Fig. 11: Ratio of frequency responses with differences of propagations (damage content 5%). 

 

As shown in Fig. 11, the larger the difference of propagation distance, the larger the slopes of 

the ratio of frequency responses. Here, it was verified experimentally that the theoretical 

formula, Eq. 4, simulates the practical behavior well. By using the slopes obtained from Fig. 11, 

the ratio of frequency responses and the relation of a distance difference to each mix rate of 

damage simulation are shown in Fig. 12. It is found that correlations were uniquely acquired in 

all damage mixture rate and in both excitations. The frequency slope obviously becomes large 

with the increase of damage volume.  

 

 
 (a) Pulser (b) Pencil-lead break 

 
 (a) Pulser (b) Pencil-lead break 

Fig. 12: Relation between slopes of the ratio of frequency responses and difference of 

propagation distances. 
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Fig. 13: Q-value with damage contents. 

 

Q-value is also determined by using Eq. 4, substituting P-wave velocity, V, which was obtained 

by another measurement, and it is shown in Fig. 13. As mentioned previously, the velocity of 

P-wave shows the dispersion depending on the frequency, e.g., the velocity becomes large to a 

certain frequency then decreases, and this tendency appears more noticeable when more damage 

was included [14]. In addition, since Q-value also depends on the frequency, showing the 

dispersion [ 15 ], the value depends on frequency. Q values by two excitation methods 

(pencil-lead and pulser) were different as shown in Fig. 13; however, the damage could roughly 

be evaluated by Q-value, e.g., Q-value showing between 170-270 demonstrates intact condition 

of the material, 130 stands for 5%, and about 100 for 10% damage. The dependency of Q value 

on the frequency and allowable range of Q-value in regard to damage will be further studied in a 

subsequent paper. 

 

 
4. AE tomography 

Ultrasonic or seismic wave tomography has been carried out to evaluate integrity of infra- 

structures for past decades. The conventional ultrasonic wave tomography is a technique to 

reconstruct wave velocity distribution from travel times among each location of excitations and 

receivers. In this test, as the travel times must contain the information of source location and 

excitation time, the excitation shall be made at the designated point with an accurate time of 

excitation records. While for the AE measurement, AE sources could be identified by arrival 

time differences among AE sensors assuming a constant velocity in the material of interest. As 

one can be understood, AE source identification with AE monitoring and velocity 

reconstruction with tomography are each directly-opposed ideas in terms of the velocity. 

Pioneering works can be found in some literature [16, 17]. These studies have adopted an 

assumption that the wave ray-paths among sources and receivers are straight to simplify the 

computational procedure; however, this approach increases error of identified wave velocity 
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distribution due to its insufficient representation of the ray-paths. Therefore, the authors have 

been studying algorithm which can implement the both of wave ray-trace and AE source 

location. In this paper, newly proposed source location algorithms are demonstrated leaving 

tomographic procedure to the other literature [18]. 

 

 
Fig. 14: Conventional set of the relay points. 

 

 
 

Fig. 15: Revised ray path in consideration of proposed relay points. 

 

4.1 Source location technique 

The source location technique is based on ray-trace algorithm [16]. This algorithm is 

characterized by installation of relay points in each cell as illustrated in Fig. 14. Since ray-paths 

are formed by segments among nodal points in conventional ray-trace algorithm, its resolution 

depends on the mesh, implying that high accuracy source location requires fine mesh. This leads 

to increment of the number of degrees of freedom since slowness, a reciprocal of velocity shall 

be defined in each cell, and consequently makes the identification procedure more complicated. 

In this ray-trace algorithm, the relay points between nodes are proposed and a ray-path is formed 

by segments among nodal and relay points as shown in Fig. 15. The resolution of ray-trace is 

increased without increment of the degrees of freedom by this approach. Besides as role of the 

relay points is relaying the signals, the relay points shall be distributed uniformly on the surface. 
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However, it is difficult due to the heterogeneous shape of cross section of concrete structures. 

To solve this problem, the relay points are installed by using isoparametric mapping that is used 

in the ray-trace algorithm. Since the each cell is mapped into isosceles right triangle, the relay 

points can be uniformly installed in the mapped cell as shown in Fig. 16. This algorithm does 

not give exactly uniform distribution of relay points if the shape of the cell is skewed; however, 

the distribution is improved by avoiding use of strongly skewed cells. The source location is 

estimated by using this ray-trace algorithm.  

 

 
 

Fig. 16: Mapping to the global coordinate of set relay points. 

 

 
 

Fig. 17: Procedure to estimate the source locations. 

 

The procedure of the estimation of source location is briefly described as in Fig. 17. As for the 

first step to estimate the source location, the ray-trace is carried out for a receiver as illustrated in 

Fig. 18. This procedure calculates travel times     from a receiver   to all nodal and relay 

points that are numbered as  . Since first travel time    at receiver   is observed, the possible 

emission time of the signal     is computed as follow at a nodal or relay point  . 
            (6) 

The step is applied for all receivers, and then variance of the the     is computed as follow. 

    ∑ (      )    (7) 
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in which 

    ∑       (8) 

where   is number of receivers. For the estimation of the source location, the variance    is 

evaluated. If the slowness distribution is exactly identical to real slowness distribution,    must 

be equal to zero at the source location and    must be the emission time. Due to the 

discretization error of slowness distribution and insufficient resolution of ray-trace, generally    
is not zero even at the source location while the identification procedure of seismic tomography. 

However, it is predicted that    gets minimum at the source location. Hence, in this paper, the 

source location is determined as a nodal or relay point of minimum variance      . Additionally    is used as possible emission time. It is noted that the accuracy of the estimation of source 

location is controlled by the density of nodal and relay points because the source location is 

assigned to a nodal or relay point in the proposed algorithm. Furthermore, by applying this 

technique to the iterative procedure of identification of wave velocity structure, the source 

locations are updated in every iterative step, improving the accuracy of the source location. This 

approach can be applied for not only AE signals, but also signals that are generated by any 

excitation point. 

. 

Fig. 18: Radiation of waveform from a receiver. 

 

Fig. 19: Procedure of seismic tomography with estimation of source location. 
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4.2 Seismic tomography with estimation of source location 

Seismic tomography requires source location, emission time and observed first travel time of 

signals. However, the signals having neither emission time nor source location can be used for 

seismic tomography if the source location and emission time are correctly identified. It is 

noteworthy that the source location and emission time are estimated from only observed first 

travel times and presumed wave velocity distribution by the method that was introduced in 

previous section. Based on these facts, a procedure of seismic tomography with estimation of 

source location is introduced. Figure 19 illustrates the procedure of seismic tomography with 

estimation of source location. In seismic tomography with estimation of source location, the 

first step is estimation of source location and emission time. If the observed first travel times can 

be separated into groups that are respectively associated with individual excitation points, the 

estimation of source location and emission time are carried out for each observed first travel 

time group. The second step is applying the ray-trace to all estimated source location. In this 

step, the ray-trace is carried out for the all of estimated source location, and travel time among 

the estimated source location to the other nodal or relay points are figured out. Finally by adding 

the computed travel time to the estimated emission time, the theoretical first travel times at 

receivers are given as follow. 

            (9) 

In the third step, the slowness distribution is updated to eliminate the difference of the 

theoretical and observed first travel time by identification technique. 

 

4.3 Application to RC bridge deck of bullet trains 

As for one of the applications, AE tomography is applied to RC bridge deck of bullet trains. In 

the RC bridge deck, several internal lateral voids have been estimated by impact acoustics tests 

except for the area IV detailing in the later session. In the AE tomography, AE activity namely 

secondary AE sources form the defects induced by train passage will be utilized [19]. As AE 

data obtained includes mechanically induced noise as well as ambient noise which is irrelevant 

to the secondary AE activity, the extraction of this secondary AE activity which can also play as 

a source for tomography testing can be a clue to get a successful result. In addition to the AE 

monitoring, Rayleigh wave tomography with using accelerometer of 45 kHz-resonance was 

applied for the comparison. 

The AE sensor array and estimated damage areas by the impact acoustics can be found as in Fig. 

20, and the same manner of Fig. 20 but for the Rayleigh wave tomography can be confirmed by 

Fig. 21. The area of interest is 2.4 m x 2.4 m and 13 AE sensors of 60 kHz- resonance for AE 

tomography and 16 accelerometers for Rayleigh wave tomography are each arranged as in those 

figures. The estimated damage areas by impact acoustics is denoted by I, II and III, and IV is the 

area of which impact acoustics could not identify but estimated by other sophisticated 

techniques (no description for the name of the test could be recorded on site).   
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For the AE tomography, to set the threshold level ambient noise was first measured without any 

train passage and subsequently AE monitoring during train passage was repeated 10 times. 

While for the Rayleigh wave tomography, two types of the steel hammer with 11 and 15 mm in 

diameter for the impact surface have been employed to investigate the different depth of damage 

[20]. More details of the Rayleigh wave tomography can be found in the literature [20].  

 

Fig. 20: AE sensor arrangement for AE tomography. 

 

 

Fig. 21: Accelerometers arrangement for Rayleigh wave tomography. 

 

Two types of Rayleigh wave velocity’s distributions can be seen as in Fig. 22. Figure 22a shows 

the result of 11mm dia. hammer, equivalent to the wavelength of 18 cm, while 20 cm in 

wavelength of 15mm dia. hammer as shown in Fig. 22b in the case. As considering both cases 

showing low velocity areas, damage area I, II and III could be identified with this Rayleigh 

wave tomography but damage area IV could not confirmed by this technique. 

For the AE monitoring, in order to extract the secondary AE activity being different form other 

noise related AE activities, AE waveforms exhibiting higher peak frequency of 7 kHz were 

extracted. This criterion of peak frequency was successfully obtained when comparison was 

made between AE waveforms without train passage and those with train passage. The result of 

AE tomography with this high pass filter can be found as in Fig. 23. Surprisingly the damage 

area IV, which could not be evaluated by other inspections, could be revealed leaving slight 

incompatibility of I, II and III. As there still includes mechanical noises in the extracted AE 

activity, visual discrimination was further implemented. Figure 24 exhibits the AE tomography 
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result after both filters of high pass and this visual check. Although the damage area III could 

not well visualized, the damage area I and II can be successfully emerged. Two-dimensional AE 

tomography algorithm developed and employed in this analysis might be introduced the above 

discrepancy to the estimations of impact acoustics. The limitation of the Rayleigh wave 

tomography shall be also mentioned. As it has already reported that the maximum depth of 

which the Rayleigh wave tomography can be applied is the half depth/ thickness of the plate, 

e.g., in the case of 50 cm thick plate, more than the deeper area of 25 cm could not be 

investigated, while AE tomography has no restriction for the depth of measurement event for the 

thinner plate. Anyhow as three-dimensional algorithm of AE tomography has been already 

established awaiting the application to in-situ structures, this fact will be elucidated later and 

more reliable applications shall be shown up for the follow up paper.       

Fig. 22: Velocity distributions by Rayleigh wave tomography.  

 

 

Fig. 23: AET result with using high pass filter of 7 kHz. 
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Fig. 24: AE tomography with both HP filter and visual filter. 

 

 
5. Conclusions 

In the paper, conventional damage-associated elastic wave parameters had been reviewed and 

new index, namely Q-values to assess the damage has been proposed. And as for the approach to 

extract the damage-prone areas, an ideal and effective method, AE tomography, combining AE 

monitoring with elastic wave tomography was detailed through the calculation algorithm, 

followed by in-situ applications. As a result, it was clarified that the Q-value could be an index 

to quantify the damage of concrete materials. As the frequency dependency of Q-value was still 

obtained, it will be further confirmed from a viewpoint of engineering by additional 

experimental studies using actual concrete mixture. Two-dimensional AE tomography was 

successfully applied to the RC bridge deck as almost damage areas that were estimated laterally 

developed revealed with low velocity’s zones. Three-dimensional algorithm of AE tomography 

will be further elucidated and more reliable applications shall be shown up for the follow up 

paper.    
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