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Assessment of ultrasound source localization accuracy on damaged and healed concrete
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Abstract: The accuracy of ultrasound source localization is measured on damaged and autonomously healed

concrete. A piezoelectric transducer is fixed into concrete and emits high-amplitude and short-duration pulses

transformed into complex stress waves as they travel through concrete (pulse transmission). Eight Acoustic Emission

(AE) sensors, attached on concrete surface, locate the pulse source spatially and chronically. It is shown that the

transmitter localization progressively loses its accuracy with 3D spatial error up to 15% in the presence of crack 300

pum wide. The source localization error diminishes to 3.4% as the crack autonomously heals. The study aims at

developing a monitoring system that accurately senses damage and can be applied on the next generation of smart

engineering concrete in order to autonomously and repeatedly repair its cracks through piping network with supply of

healing agent.
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1. INTRODUCTION

1.1 The monitoring techniques at the service of autonomous healing

Traditionally, once a crack is accurately detected in concrete [1], repairing additives are manually injected into the

crack void [2]. Sealing and partial superficial restoration is obtained because the additives cannot easily penetrate

throughout the entire crack’s depth. Autonomously healed concrete, developed the last decade, aim at replacing the

manual repair agent injection by embedding encapsulated repair agent into concrete during casting. The healing

process is activated only in the nucleation and extension of a crack that ruptures the brittle capsule and triggers the

release of the agent into the crack void [3]. The latter repair method is more efficient than the previous manual

processes since the crack is automatically filled internally and the restoration is accomplished at the early damage

stage.

Different monitoring techniques are involved in order to evaluate the repair efficiency of these smart healing

processes [4]. In previous studies, the conditions under which the healing is triggered are assessed by Acoustic

Emission (AE) that detects the source location of the acoustic wave emitted as the capsule ruptures [4]. In addition,

the ultrasound pulse velocity technique utilizes the emission of a pulse from a piezoelectric transducer (i.e.

transmitter), that travels throughout the material and is received by a similar piezoelectric transducer (i.e. receiver).

The received signal is used to quantify the structural integrity of concrete beams that are autonomously healed [5].

Additionally, the use of digital image correlation (DIC) provides an accurate localization of healed areas on concrete
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[6]. The assessment of healing mechanisms on concrete becomes complicated in the presence of several cracks. In

this case, cracks form, widen and close (due to healing) simultaneously. An integrated monitoring system that

combines the DIC and AE techniques has been used in previous studies to monitor the progressive damage evolution

of several cracks on concrete [7].

Nowadays and based on the well-established combination of the autonomously repaired concrete with integrated

monitoring experimental methods, the next generation of self-repairing concrete is introduced namely self-healing

vascular network concrete. The intelligent material design considers a sensing system (by means of optical or

acoustic sensors) that detects damage and a piping network embedded into concrete that continuously supplies repair

agent at any place across the concrete structure achieving repeatable autonomous crack restoration [8]. The

distribution of the healing agent at different locations and at specific moments in time when appropriate, requires the

presence of an inspecting mechanism that detects and triggers the healing activation and thus guarantees repeatable

repair of concrete. The key features of this innovative technology applied on concrete is the timely warning when

cracks appear or propagate, their accurate localization and the evaluation of the damage level obtained by use of

advanced monitoring systems [8]. The accuracy of the sensing information, contributes to the cost-efficiency and

long term repair of the crack [9].

1.2 Focus on the acoustic emission technique: the challenge due to concrete complex fracture

In literature, there is extensive research done evaluating the damage on concrete using acoustic wave propagation

technique either in active (ultrasonics) or passive (AE) form [10-12]. Several techniques, based on the longitudinal or
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Rayleigh wave velocity [13], the acoustic emission [14], the elastic wave tomography [15], are well-established

providing accurate damage localization.

Wave source localization performs well in sound specimens even though concrete cannot be considered as a

homogeneous material. The material components widely vary in size: the aggregates may have a diameter greater

than 10 mm and the sand or other additives may have a diameter lower than 1 mm. The metal bar/fiber reinforcement

and the potential encapsulated healing agent/embedded agent network contribute to the material’s heterogeneity. Still

in literature the location of damage in sound specimens or structures has been detected with suitable engineering

accuracy [16, 17]. However, the damage development complicates the wave propagation on concrete and concrete

composites [18, 19], reducing the wave transmission and speed characteristics. Due to quasi-brittle concrete nature,

the fracture process initiates with micro-crack defects that accumulate forming macro-cracks that arrest or propagate

and interact with other defects/cracks in the vicinity [20]. Taking into account that the knowledge of the elastic wave

speed is crucial for the source localization, it is certain that the accuracy of source localization is compromised.

This study aims to investigate whether the source localization accuracy is suitable as a guide for repair in a

self-healing network even at severely cracked conditions. The case of a plain pre-cracked concrete beam under

mode-1 fracture is considered. The emission source is an embedded aggregate-size piezoelectric transducer that is fed

by a short-duration and high-amplitude voltage pulse. The localization accuracy in the presence of a crack that

nucleates, propagates and is sealed after autonomous healing activation is evaluated.

2. MATERIALS AND TESTING METHODS
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Lab-scale plain concrete beams of size 840 mm * 100 mm * 100 mm were fabricated. The concrete mixture

composition is given in Table 1. A rectangular-shaped notch (pre-crack) with 10 mm height and 3 mm width at the

middle section of the concrete beam is introduced in order to control crack initiation (single-edge notched beam). The

design of concrete samples is based on Rilem TC-50 FMC protocol and is presented in Figure 1 [21].

Table 1. The concrete mixture.

Concrete composition Content
Sand 0/4 670 kg/m?®
Gravel 2/8 490 kg/m?®
Gravel 8/16 790 kg/m?®
Cement CEM 1525N 300 kg/m?®
Water 150 It/m?

A Crack Mouth Opening Device is attached at the two sides of the pre-crack groove and measures the crack opening

at the bottom line of the beam. A the three-point bending test was performed till the opening of the crack is up to 0.3

mm wide (serviceability limit state design) and then the specimen was unloaded. The test is deflection controlled at

the centerline of the beam with a loading rate of 0.05 mm/min. One concrete beam was cast carrying no healing agent

(reference series: REF) and three more beams were cast with the encapsulated agent (healing series: PU1, PU2, PU3).

The agent used in this study is a two-component adhesive polyurethane-based resin that polymerizes in the presence

of moisture. The two components (adhesive and polymerization accelerator) were encapsulated into borosilicate

glass spherical carriers 50 mm long, with 3.3 mm outer diameter and 3 mm inner diameter. The glass capsules break

as a crack transverses and the adhesive components are released into the crack void. The polymerization process lasts
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few hours and the final product is a rigid and strong interlayer of polyurethane that fills the crack. A schematic
representation of glass capsules is given in Figure 1 and the healing composition is summarized in Table 2. After the
loading test, the concrete beam rests at the natural position (the crack opening stops at 0.25 mm approximately) and
the healing agent polymerization occurs (agent curing time up to 24 hours). The loading test is repeated under the

same testing configurations. At this reloading cycle the mechanical performance of the healed specimen is evaluated.

embedded transducer | INSTRON load
input — | 0.04 mm/min h !embedded transducer

S RS
I

e gl

y o AE transducers 100 mm a)

o

=) /‘Q*(@

340 mm N

100 mm

50 mm b)

Figure 1. The concrete beam set-up: a) The side view of the specimen and the configuration of AE sensors. (The

wires at the top side are connected to the embedded transducers; b) the interior of the central area: the long tubular

borosilicate glass capsules (in yellow) are placed above the notch and the embedded piezoelectric transducers

(colored in grey) are fixed at either side of the notch.
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Table 2. The healing agent set-up.

Healing agent 2-component (precursor and accelerator) polyurethane agent

Tubular borosilicate glass capsules
Carrier 50 mm length / 3.3 mm outer diameter / 3 mm inner diameter

2series: 4 capsules pairs — 25 mm high

Carrier position 3 capsules pairs — 40 mm high from bottom
Crack volume 1000 mm?
Released agent volume 3500 - 4000 mm?®

3. MONITORING TECHNIQUES SET-UP

3.1 Ultrasonic pulse velocity

An alternative to traditional ultrasound testing on concrete appears when the sensors attached on the material surface

are replaced by low-cost and aggregate-size transducers embedded into the concrete while casting. This technique is

based on the Smart Aggregates (SMAG) concept initially developed at the University of Houston [22, 23]. The

advantage of embedded transducers is that good coupling conditions are guaranteed and do not vary depending on the

couplant and pressure on the sensor as may be the case for surface mounting of sensors.. The embedded transducers

consist of a flat piezoelectric lead-zirconate-titanate (PZT) patch of size 12 mm * 12 mm * 0.2 mm, which is wrapped

by waterproof coating.

The electrical signals are transmitted to and from the transducer through electrical wires, which are conductively

glued on both faces of the PZT patch. In our study, a pair of transducers is embedded into the concrete specimen. The

transducers are fixed on each side of the center of the beam at a distance of 100 mm (Figure 2). One of the transducers

emits a high voltage and short duration pulse (rectangular-shaped with 800 V magnitude and pulse width of 2.5 us)

that is transmitted through concrete (transmitter). The high-amplitude, spike-shaped signal excites the transducer to



123  vibrate and this vibration excites the material through contact and generates stress waves. The stress waves propagate

124  through concrete and are captured by all AE sensors and the second embedded transducer (receiver).
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126  Figure 2. The AE sensors and the embedded transmitter set-up: a) The x-y; b) the x-z; ¢) the y-z plane projection. The

127 transmitter is colored grey and the group of eight AE sensors are marked with black.

128

129  The position of the transmitter (shown in Figure 2 with grey rhombs) was initially chosen for the ultrasonic

130  monitoring of autonomous healing mechanical efficiency and the results of this study are presented in [24].
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Table 3. The ultrasound testing set-up based on embedded piezoelectric transducers.

Wave excitation set-up Rectangular shape (P-wave)

Amplitude = 800 Volts

Duration = 2.5 ps

Embedded transducer set-up .
Sampling rate = 10 MHz

PZT patch (12 mm * 12 mm * 0.2 mm)

3.2 Acoustic emission

As discussed in previous studies, Acoustic Emission (AE) is able to locate the fracture phenomena in concrete and

quantify the respective damage magnitude [25, 26]. Eight R15 sensors with a resonant frequency of 150 kHz are

attached to concrete surface by means of magnetic holders. The AE sensors are placed at the central region of the

concrete beam and their position is chosen in order to be able to monitor the damage restricted to the pre-notched

section. The sensors capture all waves either emitted due to concrete damage process or the stress waves emitted by

the embedded piezoelectric transmitter. Localization is naturally enabled for both groups of waves. Considering the

waves emitted by the embedded transducers, the localization leads to the position of the transducers which are the

actual sources. Since the position of the embedded transducers is constant, the possible differences in the localized

sources through the AE algorithm, can directly lead to a quantification of the error as the test goes on and damage is

accumulated.

The AEwin software is used to capture, locate and store the received stress waves. The AE set-up features are shown

in Table 4. The AE sensor locations are graphically presented in Figure 2. The localization relies on the trilateration

method that considers the arrival time of the propagated wave from several (at least four) sensors [25]. The wave
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speed and attenuation are measured at the healthy stage by means of pencil lead breakage and are presented in Table

4. The spatial 3D distance (AUisource) between the embedded transmitter (with coordinates Xy, Yy, Zy) and the AE

sensors placed on concrete surfaces (with respecting coordinates X, Yi, Z; for i= 1 to 8 sensor’s number) is calculated

and shown in Figure 2a (red colored values). It is clear that AE localization takes place for all groups of waves.

Table 4. The Acoustic Emission testing set-up.

AE channels set-up 8 AE sensors (150 kHz resonance frequency)

Threshold = 45 dB, pre-amplifier gain = 40 dB

3D localization type

o Hits/Event : Min = 4 hits
AE Localization set-up ) )
Wave velocity = 3800 m/s (pencil lead break test)

Attenuation:; y = 10dB/m (pencil lead break test)

3.3 Digital Image Correlation

The acoustic wave analysis is done in combination with the strain analysis obtained by Digital Image Correlation

(DIC). DIC is commonly applied in concrete fracture studies since it provides full-field view of strain evolution at

fractured areas and precise calculation of cracking size [27]. The method considers a pair of high-resolution cameras

that provide a stereovision (3D) view and continuously capture images of the specimen surface during testing. The

specimen surface is covered with a high-contrast black and white random speckle pattern that facilitates the images

correlation. The Vic3D post-processing software provides full-field view of deformation and strain fields at different

stages during testing (by comparing the reference and deformed concrete surface in the presence of cracks) [28]. The

DIC technique is previously extensively used in our studies and further information can be found in [29, 4]. In this

study, in combination with acoustic monitoring techniques, the integrated experimental set-up provides information
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regarding the crack evolution (crack nucleation, propagation, closure, reopening, etc.). The testing set-up features are

summarized in Table 5. The basic information supplied by DIC in this study is the exact size of the crack opening at

the bottom of the concrete beam. Additionally, DIC strain fields indicate the damage extent and location at different

loading stages.

Table 5. The Digital Image Correlation testing set-up.

Cameras set-up CCD Cameras, artificial illumination: halogen light

Resolution = 2064 pixels x 2506 pixels
Lenses focal length = 17 mm

Area of interest = 100 mm x 100 mm
Image capturing set-up Capturing rate = 0.5 Hz

Subset = 21 pixels, Step = 6 pixels

Strain filter window = 15 pixels

4. RESULTS

In Figure 3 the load-crack opening curves for both, reference (without encapsulated agent, grey color) and healing

(black color) concrete beams are presented at the loading and reloading test stages. The DIC strain analysis in

combination with fracture theory for concrete highlights the following crack propagation stages (marked with Roman

numerals in Figure 3) [30, 31]:

I. Initially, the load-crack opening curve evolves linearly as the beam deforms elastically (stiffness).

Il. The elastic deformation ends as micro-cracks form at the pre-crack and accumulate to a macro-crack.

I1l. The macro-crack forms across the beam’s height as the flexural resistance is reached (ultimate load).

IV. The crack propagates and strain softening occurs (bilinear unloading-first part).
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V. The crack cannot resist to opening and widens (bilinear unloading-second part).

The test was repeated after healing and the bars chart in Figure 3 presents the recovery of mechanical features at the

reloading test by using the healing ratios n (%) described in equations 1 to 3:

Fracture toughness (reloading stage)

n %) = *100 eq.1

fracture energy ( ) Fracture toughness (loading stage) ( q )
Ultimate load (reloading stage)

Nutti %) = *100 eq.2

ultimate Ioad( ) Ultimate load (loading stage) ( q )
_ Initial stif fness (reloading stage)
Nstiffness (%) = *100 (eq.3)

Initial stif fness (loading stage)

The fracture energy in equation (1) is obtained according to the Rilem TC-50 FMC protocol [21] and the initial

stiffness in equation (3) is calculated considering the early stage deformation of sample in response to the applied

load.

It is shown that the concrete beams carrying healing agent recover their fracture energy, strength and stiffness up to 34,

37 and 89%, respectively. The filling of the crack void by means of released healing agent achieved both, sealing and

partial mechanical restoration. This is not the case for the reference series, in which the mechanical recovery is poor

as expected: the ultimate load at the reloading stage cannot overpass the load at the end of the loading stage and

limited fracture energy and stiffness is measured. While other features like the mechanical response of the

autonomously healed concrete beams and AE behavior are discussed in previous studies [6], [24] this study focuses

on the source location calculation of the stress waves emitted by the embedded transmitter and how it is affected by

the progressive damage of concrete.
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Figure 3. a) The load-crack opening graphs for both, reference (grey line) and healing (black line) specimens at

loading and reloading test and the respective ratio of fracture energy, ultimate load and stiffness restoration after

healing. The Roman numerals refer to the five stages that describe the progressive fracture process of concrete.

4.1 The clustering of AE activity based on the arrival time difference
In Figure 4, the time difference (At in us) between the embedded transmitter emission and the AE hit received from
each sensor is presented for the total amount of pulses captured during the loading test of the healing series (this
loading test is chosen as a representative of the results). The points are marked with different colors indicating the
respective AE sensor that receive the waves. The spatial 3D distance (AUisource) OF €ach sensor from the source is

provided as well.
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Figure 4. a) Time difference between the embedded transducer emission and the AE hits from each sensors (the

respective spatial distance AUisource IS alSo given); b) For the sake of completeness, the sensors location is added.

The time difference remains constant for AE sensors placed at the side of the transmitter (#1, 2, 5 and 6) since no

damage is developing between the embedded transducer and these sensors. Sensors which are at the opposite side (#

3, 4, 7 and 8) exhibit much greater time difference as the propagation distance is longer. In addition, it is obvious that

the transit time to these sensors increases with time. This is due to the cracking that evolves and hinders wave
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propagation to the sensors on the other side of the crack. The increase of time delay does not appear instantly and at

the same moment for all the AE sensors indicating that the different crack stages affect the arrival of the wave signals

differently at sensors located at different heights. Nevertheless, for some of the sensors, the time delay increases up to

31.25% due to damage, which has considerable effect on the accuracy of localization. For this reason, the localization

of AE wave source should be critically revised in the presence of cracks on concrete.

4.2 Evaluation of the source localization accuracy

In fracture theory and modeling, the crack is considered as a discontinuity following a three dimensional growth

process [32]. In a similar approach, experimental studies using AE have shown that the accuracy of AE source

localization is diminished as cracks occur [33]. With absolutely accurate localization the source should be detected

constantly at the same point (position of the embedded transducer). The actual location of these AE events is

projected on the X-Y plane and is presented in Figure 5 for the five stages of crack evolution (I-V, as defined in Figure

3). Only the middle zone of the beam, X coordinates limited to the range from 325 mm to 475 mm, where the crack

occurs is shown in this figure. In parallel, the DIC strain exx profiles are given for the corresponding crack stages.

It is shown that the events localization gives (nearly) constant results up to stage I11. Later, the accuracy decreases as

the crack widens and reaches the top of the beam (stage IV, V) and the source is localized obviously away from the

original fingerprint. In Figure 6 where the plots of difference between the actual coordinates of the source (Xreal, Y real,

Zrea)) and the ones obtained by AE during testing (Xag, Y ae, Zag) are given. The overall difference (A) that considers

the three dimensional location difference is plotted as well.
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237 Figure 5. The AE events localization and the crack evolution based on DIC strain exx profiles for the five stages of

238 loading as projected on the X-Y plane (healing series).
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239  Itis observed that the loss of accuracy is greater for the X direction (black series, up to 18 mm). The loss of accuracy

240  is lower for both, Y and Z direction (red and grey series respectively, up to 4 mm). It is shown that the three

241  dimensional location difference (yellow series) is almost identical to the difference of the X coordinate. This

242 phenomenon can be attributed to the fact that the crack is vertical to the X axis and influences most the wave

243  propagation in this direction. Additionally, the X dimension of the specimen as well as the distance between the

244  sensors and the AE source on the horizontal plane are longer, implying that a larger absolute error is reasonable. It is

245  expected, the AE source localization would be more accurate if the AE sensors were placed covering a greater

246  horizontal gauge length.
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At a step further, the three dimensional difference ADrea-ae (Mm) between the source (Xreal, Yreal, Zreal) and the one

localized by AE sensors (Xae, Yag, Yag) is plotted in Figure 7 versus the crack opening (measured by DIC) for both,

the reference and healing series during loading and reloading tests. The difference ADrea-ag is divided by the distance

between the two outermost sensors (#5 and #8), ADmax = 164 mm. This way, the difference is normalized considering

a gauge length, the size of the area under investigation.
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Figure 7. The normalized spatial difference ADrea-ae/ADmax (%) between the source localization and the following

ones during testing for the a) reference and b) healing series at loading (black spots) and reloading (red spots) tests

versus the crack opening. The Roman numerals indicate the fracture stages as discussed in Figure 3.
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The initial distance of the AE localization (in the sound specimens) relatively to the actual position of the source is

around 1.25% (Figure 7 a, b). During the loading cycle in both cases, the cracking affects the velocity and

transmission to all sensors and the ADrea-ac/ADmax difference increases with damage. The error of accuracy is

introduced when the peak load is reached and micro-cracks form (stage I1). As macro-crack forms and propagates

along the beam’s height (stage I1), the ADrea-ae/ADmax €rror increases up to 3% and progressively increases up to

15% when the crack opening at the bottom of the beams is equal to 300 um (strain-softening stages IV and V) and the

crack reaches the top of the beam (see Table 6). In the healing case (Figure 7b), the capsules breakage affects the

accuracy pulse localization. It is shown that after the load peak (stage 1V) the capsules resist to damage propagation

(crack’s length is limited to 12 mm — see Table 6) and build up a local reinforcement that contributes to material’s

toughness and lead to almost constant values of the ADrea-ae/ADmax difference.

At the beginning of the reloading cycle, the error is reduced for both series since the load is eliminated and the crack

opening is diminished from 300 um to approximately 250 um (Figure 7a, b). In the reference case, the

ADreal-ae/ ADmax increases up to 10% as the ultimate load is reached (Figure 7a) and the crack propagates up to the top

of the beam (Table 6). The latter indicates no resistance of the reference beam to fracture.

In the healing case (Figure 7b), the error is significantly diminished after the autonomous repair: from 9% at the end

of the loading cycle to 3.4% at the beginning of the reloading cycle something that may also be attributed to the action

of the healing agent. Due to great stiffness restoration after healing, the ADrea.ae/ADmax difference remains almost

stable (up to 4.9%) till the crack reopening. It is proven that the polymerized polyurethane seals the crack and

provides a solid path for the wave propagation and therefore restores to some better extend the accuracy of
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localization. However, as soon as the ultimate strength of the healed beam is reached, the crack reopens, propagates

till the top of the sample and the ADyea-ae/ADmax difference notably increases indicating no further resistance of the

beam to damage.

For the sake of completeness, the overview of the ADrea-ae/ADmax (%) difference values and the length of the crack

measured for the reference sample and the three healing samples (PU1, PU2, and PU3) at different stages of damage

are given in Table 6.

Table 6. ADrea-ae/ ADmax difference and the crack length overview.

5. DISCUSSION and CONCLUSIONS

REF PU1 PU2 PU3
g < g < g < : <
A iS) a iS) a iS) ) iS)
I~ 8|34 38|35 8|3 o &F
i} o{> — [} =) — [} o{> — w oo —
S A R R R
o © o © o © Qag ©
= = = = = = = e
Start of stage | 1.0 0 1.25 0 0.5 0 1.25 0
<DE End of stage II 3.0 32 1.3 12 0.95 10 1.2 12
O
— | End of stage IV 8.9 65 3.8 60 4.7 59 5.4 55
End of stage V 15 80 9.0 75 8.0 70 10.7 68
Start of stage | 6.8 0 3.4 0 1.0 0 4.2 0
(@)
(<DE End of stage Il 7.6 30 49 0 0.9 0 6.0 0
—
I[-JI:J End of stage IV 10.0 80 7.75 66 4.0 70 9.0 59
End of stage V 15.0 80 10.3 75 4.2 70 11.0 68
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The analyses of the crack patterns on concrete have shown that under service load, several cracks dynamically

interact [34]. In previous studies evaluating the healing performance of concrete, it is shown that a crack can open

wider at the same moment that another crack at the close vicinity heals and closes [35, 36, 37]. These dynamic

simultaneous crack phenomena introduce complexity that weakens the two main assumptions of AE localization

theory:

- The location of the AE source is obtained considering homogeneous medium properties, therefore stable

wave velocity [38]. The wave velocity decreases in the presence of open cracks. As these cracks are filled with

polymerized healing agent, a thin intersection of material with different wave velocity should be considered.

- There is only a direct path between the wave source and the AE sensor. Dynamic crack nucleation, and

propagation introduce discontinuities at different scales: from the micro-cracks formed at the fracture process zone

surrounding the crack till the macro-crack that propagates in space. The scattering effect cannot be eliminated.

Suitable localization accuracy is important for the automated (autonomous healing) repetitive detection and repair of

cracks on concrete [39, 8]. The 3D healing network forms a dense mesh of tubes that remain empty during the service

life of the concrete element. The agent is kept on a reservoir system and is delivered at the damaged zone only as soon

as one of the tubes fails due to cracking. The crack nucleation and propagation will lead to tube’s rupture and the

healing agent delivery will be accomplished as soon as the automated healing system detects accurately the position

of damage. Only in this case, the correct tube will be activated and filled with healing agent that seals the crack void.

For a realistic AE gauge length dimension of 2 m, the localization error measured up to about 10% allows for an

accuracy of 200 mm in absolute length even at a severely damaged state. This is considered adequate as the distance
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between successive vanes of a network system could not be less than 150 mm, in order not to compromise the load

bearing capacity of the structure. In this case the validation of the accuracy was done by the use of an embedded

pulser, the position of which was known a priori. This was a suitable calibrating method that enabled to accurately

measure the resulted error.

As a conclusion, the study concerns the evaluation of the AE localization accuracy for the case of a crack that forms

on lab-scale concrete beams, propagates and is sealed in the presence of autonomous healing mechanism. As

expected, standard AE source localization technique accurately provides the source location in sound sample, but the

localization accuracy declines as damage develops. The error of the source localization is quantified in respect to the

crack evolution stages (micro-cracking up to macro-crack) and the gauge length. It is shown that the error remains up

to the order of 10% of the gauge length even at severely damaged stage. This accuracy is adequate as it is deemed

essential for activation of the healing at the correct zone in the case of non-visible cracks in the volume of the

component.
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