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Abstract 
This paper presents the results of a study which focuses on the development of innovative monitoring techniques 
for historical masonry structures, based on Acoustic Emission (AE) detection with optical fibre sensors. In this 
study, for the first time, intrinsic optical fibre sensors are applied to detect AE in quasi-brittle construction 
materials such as masonry or concrete. For this purpose, a single mode optical fibre sensor (OFS) in a 
polarimetric setup is applied. Data acquisition, filtering and processing is performed in real-time.  
Optical fibre sensors were installed on a test wall and initial three-point bending tests were performed on small 
masonry samples to give a proof of concept and to calibrate the system. The optical fibres were embedded in the 
mortar joint or glued on the surface. Additionally, full-scale compression tests have been performed on masonry 
arches, while detecting crack initiation and growth both with optical fibre sensors and PZT transducers. Results 
indicate that damage due to crack initiation and growth in masonry can be detected with the optical fibre sensors. 
Although sensitivity to AE transients is less compared with PZT transducers, the results of the polarimetric OFS 
setup provide a good representation of the overall mechanical behaviour and crack growth within the masonry 
structure.  
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1.  Introduction 
 
Structural health monitoring is an important tool to provide knowledge on damage 
accumulation in historical masonry structures and to support the design and evaluation of 
strengthening measures. This paper presents the results of a study which focuses on the 
development of innovative monitoring techniques for masonry structures, based on Acoustic 
Emission (AE) detection with optical fibre sensors.  
 
Most applications of acoustic emission detection in masonry which can be found in literature 
focus on damage progress in historical masonry structures. Carpinteri et al. monitored the 
stability of cracks in masonry towers and measured the AE activity of a historical masonry 
vault which was subjected to a test load in order to validate a numerical model of the vault [1, 
2]. Shiotani et al. applied the loading of a passing train to evaluate and locate AE events in a 
masonry arch being part of the railway infrastructure. Secondary AE activity from fretting in 
existing cracks was distinguished by frequency filtering and comparison with the existing 
crack pattern [3, 4]. Tomor and Melbourne performed AE detection on masonry arch bridges 
in laboratory experiments and in situ and focused on the detection of fatigue damage [5].   
 
In previous work, successful results have been obtained by the authors in using AE techniques 
to detect and assess the damage accumulation rate in highly stressed masonry specimens 
during creep experiments [6]. A failure prediction model has been established which relates 
the acoustic emission event rate during the second phase of the creep process to the time to 
creep failure of the masonry [7, 8]. 
 
The use of AE monitoring in masonry structures is highly complicated, as attenuation and 
wave propagation are influenced by the heterogeneity of the material (including the interface 
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between bricks and mortar, but also cracks and cavities in the existing structure). This makes 
source location in masonry rather difficult. Masonry cannot be considered as a homogeneous 
medium for the elastic wave propagation. In case of concrete, the heterogeneous inclusions 
(aggregates of 1-2 cm) are smaller than the typical wave length which is larger than a 
centimetre for velocities over 1000 m/s and frequencies up to 100 kHz. Therefore, it is 
reasonable to consider bulk concrete to be a homogeneous material during AE testing [9]. In 
case of masonry, diffraction, reflections and attenuation differences between brick and mortar 
are more likely to occur. 
 
If the AE source and the AE sensor are located on opposite sides of a large crack, the signals 
will generally not be detected by the sensor [9]. Therefore, the location of the sensors has to 
be chosen carefully and the quality of the surrounding masonry has to be taken into account. 
Due to these location problems, AE results of masonry testing will mostly be used for 
parameter-based rather than signal-based analysis. 
 
Generally, piezoelectric sensors (PZT) are applied to detect acoustic emissions. In this study, 
for the first time, a single mode optical fibre sensor (OFS) in a polarimetric setup is used for 
detecting AE transients in masonry. When damage is introduced in the masonry, the released 
elastic energy, in the form of acoustic emissions (AE), causes a high-frequency pressure 
variation and perturbs the light in the sensing fibre. After filtering, this perturbation can be 
detected as a fluctuation in the intensity of the light. The use of multimode and single mode 
optical fibres sensors in a polarimetric setup to detect AE transients due to damage has been 
proven to work for fibre reinforced composite materials. These studies were carried out by 
Rippert [10], Wevers [11, 12] and Pitropakis, Pfeiffer and Wevers [13]. 
 
To provide the proof of concept and to calibrate the system, optical fibre sensors were 
installed on a large test wall (95cm*210cm). Additionally, three-point bending tests were 
performed on small masonry samples to assess the feasibility of this monitoring technique. 
The optical fibres were embedded in the mortar joint or glued on the surface. These different 
methods to attach the optical fibre sensor to the masonry and the results of the small scale 
tests are discussed in Section 3. Additionally, full-scale compression tests have been 
performed on masonry arches, while detecting crack initiation and growth both with optical 
fibre sensors and PZT. These tests and results are described in Section 4. Firstly, the 
principles and setup for AE detection with optical fibre sensors in masonry are discussed. 
 
 
2. AE detection with optical fibre sensor 
 
2.1 Description, advantages and challenges 
 
Piezoelectric crystals are mostly applied to detect ultrasonic waves at the surface of concrete 
and masonry. This type of sensor is very sensitive, but has the disadvantage that it is a point 
sensor. In masonry, detectable source-sensor distances are limited to some decimetres. A 
detection range of 20-50 cm is mostly found, depending on the density, quality and amount of 
voids and cracks in the masonry. In Figure 1, a picture is shown of a 150 kHz PZT sensor 
which is connected to a masonry arch. The limited detection range of the PZT, as obtained by 
pencil lead breaks, is indicated.  
 
 



 
 

Figure 1. Masonry arch with PZT and optical fibre sensor. The detection range of the PZT, as obtained by pencil 
lead breaks, is hatched. 

 
Therefore, optical fibres can be a valuable alternative for AE detection in larger constructions. 
They work as line-integrating sensors, integrating all the AE induced fluctuations along their 
length. A disadvantage of this technique is that the location of the AE source along the fibre 
length can, at this moment, not yet be determined. This issue could be solved by applying 
Fibre Bragg Grating (FBG) sensors; however, this would again result in point measurements, 
which is to be avoided.  
 
Another advantage is that optical fibres can easily be integrated in a structure, for example in 
fibre reinforced polymers (FRP) which can then be used as self-sensing strengthening 
materials [14-16]. Or in case of masonry, they can easily be integrated in the bed joints 
(horizontal joints) during bricklaying or afterwards during a re-pointing process. In historical 
masonry, re-pointing is often carried out as part of the restoration process to restore the 
masonry’s appearance and structural integrity.  
 
The single mode (SM) fibres applied in this research are also relatively cheap and do not 
require highly specialized equipment for data acquisition. However, lower sensitivities are 
expected compared with PZT sensors and complex filtering algorithms are necessary to filter 
out the transient data. 
 
For easy handling and integration of the optical fibre, SMARTape optical fibre sensors which 
are manufactured by the company SMARTEC SA., are applied in this study. The sensor 
consists of a single mode optical fibre embedded in a glass fibre reinforced polymer (GFRP) 
tape with a width of 12 mm, the so-called SMARTape. 
 
2.2 Principles of the AE detection setup 
 
To detect acoustic emission transients with intrinsic optical fibre sensors, an intensity-
modulated, an interferometric or a polarimetric sensor can be used. At first, intensity-
modulated OFS were applied in the work of Wevers and Rippert for damage detection in 
CFRP composite materials. Detected transients could be compared with results obtained from 
AE monitoring systems [10, 12]. Phase-modulated sensors (interferometers), which are very 
sensitive but require a more complex setup and a well-isolated and undisturbed reference arm, 
were difficult to accomplish for the application at hand.  
 



In this work, a polarimetric approach is applied which requires a simpler setup than the 
interferometric sensors and shows a higher sensitivity compared to the intensity-modulated 
OFS setup. This polarimetric approach with single mode optical fibres was also introduced in 
the AISHA project to detect ultrasonic surface waves in aircraft composites [17, 18]. Not the 
change in polarization itself, but the change in light intensity caused by the birefringence is 
monitored. Thus when damage is introduced in the masonry, the released elastic energy (AE) 
is also here detected as a transient fluctuation in the intensity of the transmitted light.  
 
2.2.1 Acquisition setup 
The AE detection setup is similar to a configuration applied in previous tests [11]. Since this 
setup was developed for damage detection in composite tubing, its efficiency for damage 
detection in masonry is still to be verified and data processing parameters are still to be 
optimized. These verifications and system calibrations are discussed in section 3. 
 
The polarimetric sensor configuration consists of following components: 
 

• A laser (type Ando AQ-4141B) which sends light at 1310 nm wavelength is used as a 
stable light source. 

• An isolator is used to prevent light backscatter into the laser as this could destabilize the 
light source 

• A polariser controller is added for controlling purpose only, to verify the intensity of the 
light that passes the polarizer at the start of the test  

• An embedded single mode optical fibre, SMARTape, is used as the sensing fibre.  
• A polariser is applied at the output of the OFS to isolate a particular polarization state. 
• A photodetector transfers the light signal into a voltage signal. 

 
The signal is subsequently amplified (UDT-1200A amplifier), filtered (Krohn-Hite model 
3988 LP/HP dual channel filter) and digitized (8 channels National Instruments NI PXI-5105, 
of which only one channel is need for the setup). Hereafter, an advanced filtering algorithm, 
as described below, is applied for AE transient detection.  
 
2.2.2 Sensing principle 
In an ideal single mode optical fibre, two polarized optical waves can propagate at the same 
velocity. External influences, such as ultrasonic waves, introduce birefringence leading to 
optical anisotropy. Consequently, the two polarized optical waves encounter different 
refractive indices and will propagate at different velocities, causing a phase shift. This 
birefringence thus causes variations in the polarization of the light at the output of the fibre. In 
addition to birefringence, the optical fibre will also show a degree of polarization dependent 
loss, which causes an additional intensity loss of a specific polarization state upon interaction 
with an acoustic wave. The change in degree of polarization dependent loss is assumed to be 
limited [11].  
 
The polariser at the fibre output isolates a particular polarization state. Not the change in 
polarization itself, but the change in the light intensity which varies due to the birefringence is 
monitored. Small perturbations of the light intensity indicate the interaction of AE waves with 
the light which propagates in the optical fibre sensor. The output of the polariser is led to the 
photodetector, amplified, filtered and digitized.  
 
The small perturbations in the light signal, which are monitored as changes in the properties 
of the digitized signal, are buried in noise and require advanced filtering and signal processing 



to obtain information on the acoustic emission transients. A first analogue filtering stage is 
applied to exclude very low (ex. from mechanical movement) and very high frequency 
components. Secondly, an advanced filtering algorithm is used to filter the transients from the 
noisy background signal. This algorithm has been described in detail by Papy et al. for 
detection of transients in intensity-modulated multimode sensors and has previously been 
applied successfully for AE detection in a polarimetric single mode setup [11, 19]. 
 
2.2.3 Filtering principle 
The filter algorithm is based on a segmentation of the discrete time signal and real-time signal 
processing in the frequency domain. Firstly, an initial noise level estimate is computed and 
the signal to noise ratio (SNR) is improved by reconstruction of a new signal after spectral 
subtraction. The noise filter is continuously and automatically adapted throughout the test as 
the noise level might vary. Final detection of transients, which are identified as short-duration 
nonstationarities, is achieved by a constant false alarm rate power-law detector [19, 20]. Data 
acquisition and processing is performed in real-time using Labview. The software 
immediately depicts the cumulative AE event count, time of occurrence and the transient 
signal itself in the time-amplitude domain. In addition, the detected transients are saved for 
further off-line analysis. 
 
2.3 Sensor installation  
 
To achieve optimal transmission of the ultrasonic wave between the masonry and the OFS, a 
good connection along the active length of the fibre without air voids is needed. Three 
different connection methods are investigated, which are relevant for on-site sensor 
installation in masonry. Two types of glue, a strong two-component methyl methacrylate 
(MMA) adhesive and a silicon adhesive are used to glue the SMARTape on the masonry test 
wall (95cm*210cm). The tapes have been glued on a horizontal joint, which allows a level 
contact surface with a minimum of voids to be filled by the glue. A third SMARTape has 
been incorporated in a bed joint during bricklaying. The OFS have an active length of 2m. 
The test wall and installation process of the optical fibres are depicted in Figures 2 and 3.  
 
 

 
  
Figure 2. SMARTapes glued on mortar joint with 
silicon adhesive (1) and with MMA adhesive (2) and 
incorporated in bed joint (3) of the test wall 

Figure 3. Inclusion of SMARTape in bed joint during 
construction of the test wall 

 
 
 

(1) 

(2) 

(3) 



2.4 System calibration 
 
System calibration was performed on the masonry test wall to evaluate the sensitivity for AE 
detection. A sample rate of 500 kHz was applied. Figures 4 and 5 present an AE transient, 
detected by the SMARTape which was glued on the masonry’s surface with 2-component 
MMA adhesive. The signal was triggered by a pencil lead break on a brick surface at 1 cm 
from the OFS (Figure 4) and a pencil lead break on the edge of the SMARTape’s GFRP strip 
(Figure 5). In the former, the amplitude increase caused by the event is only just detectable 
due to the rather high background noise. In the latter, the signal to noise ratio is much larger.  
It was observed that the detection range of a pencil lead break was limited to a zone along the 
fibre with a width of 2 cm. The limited width of the detection range is caused by a 
combination of three factors. Firstly, AE signals in masonry experience much more 
attenuation compared to AE signal propagation in denser materials, such as metals or 
concrete. Secondly, the AE wave experiences attenuation and scatter when transmitted from 
the brick to the SMARTape through the adhesive layer. And thirdly, the optical fibre sensor is 
also less sensitive to low-amplitude transient signals compared to resonance PZT sensors. 
Despite these drawbacks, the OFS was sensitive along its full length, with sensitivity varying 
according to the quality of the adhesive layer. The optical fibre sensor acted more like a 
broadband sensor, with frequencies of detected signals ranging from 500 Hz to 200 kHz, 
depending on the analogue filtering stage and the sample frequency. Highest response was 
observed for the lower frequencies.  
 

 
Figure 4. An example of a detected event, triggered by a pencil lead break on a brick surface at 1 cm from the 

optical fibre sensor 
 

 
Figure 5. An example of a detected event, triggered by a pencil lead break on the edge of the SMARTape’s 

GFRP strip 
 
 
When comparing the three installation methods, it was found that the SMARTape installed 
with the two-component methyl methacrylate adhesive was most sensitive for high frequency 
signals (pencil lead breaks), while all three OFS were sensitive to low-frequency signals 
(mechanical movement of the wall). If the latter signal type is to be filtered out completely, 
additional data post-processing is needed.  
 



3.  Test setup and results 
 
3.1 Small scale tests 
 
The system calibration tests described above are only based on artificial AE sources, such as 
pencil lead breaks. Therefore, three-point bending tests on small-scale test samples were 
performed to evaluate the capabilities of the monitoring system to detect crack-induced AE 
signals. The first sample existed of two halves of a clay brick with a mortar layer in between 
and the second was a whole clay brick. A 30 cm piece of SMARTape was attached to the 
samples either glued or embedded, comparable to the installation methods used for the full-
scale test wall. Firstly, the optical fibre sensor was integrated in the mortar layer. Secondly, 
the sensor was glued on the side of the brick by means of a 2-component epoxy glue. In 
addition, 4 piezoelectric transducers with a resonance frequency of 150 kHz were mounted on 
the sample and used for comparison. The test setup is presented in Figure 6.   
 

 
 

Figure 6. Setup for small-scale three-point bending test. The SMARTape (OFS) is embedded in the mortar layer 
as shown in the scheme or glued on the surface of the brick at the same height. The PZT sensor positions are 

indicated with 1, 2, 3 and 4. 
 
 
The loading was applied at a speed of 0.1 mm/min in steps of approximately 100 or 200 N. 
After each step, relaxation was allowed for 2-3 minutes. A sampling rate of 300 kHz was used 
for the optical fibre system, with an analogue high pass/low pass filter at 500 Hz/500kHz.  
 
The results are presented in Figures 7 and 8. These graphs compare the cumulative number of 
events detected by the optical fibre sensor (OFS events, on the left axis) with the cumulative 
AE events detected by PZT sensor 2 and 4 (PZT events, on the right axis). The lower graph 
indicates the stress evolution as a function of time. Vertical lines are drawn at those moments 
where a stress increase step is started. 
 



Figure 7. OFS in mortar joint, thin vertical lines indicate 
the start of a stress increase step 

Figure 8. OFS glued on brick surface, thin vertical lines 
indicate the start of a stress increase step 

 
 
For the three-point bending test with an optical fibre sensor included in the mortar joint, 
comparable results are found for the cumulative amount of events detected with OFS and 
PZT, see Figure 7. Damage is detected during stress increase and towards the end of the test, 
where a macro crack is being formed at the lower middle of the specimen, a higher detection 
rate is observed for both OFS and PZT. Around 190s and 700s after the start of the test, 
events are detected by the optical fibre sensor, which are likely to be unfiltered noise signals 
since no explanation for these detections is found.  
 
In general, the OFS events detected during this test are no transients and they often occur at 
the start of a stress increase step. This indicates that the optical fibre which is embedded in the 
mortar joint operates as a pressure sensor, detecting a sudden change in pressure state. This 
assumption is supported by the fact that the light intensity at the output of the fibre decreases 
during the test and at the end of the test, the sudden appearance of a macro crack, which 
coincides with a force decrease at 1100 seconds, is not detected.  
 
A better representation of the damage evolution is given by the results of the optical fibre 
sensor which was glued on the surface of the specimen, Figure 8. Very few events are 
detected during the test. The events detected at 260s and 500s are likely caused by a small, 
sudden mechanical movement upon stopping of the press. Only in the previous to last load 
increase step, where relaxation is clearly observed and an increase of PZT events is noted, 
OFS events are detected. Both, the optical fibre sensor and piezoelectric sensors detected the 
AE events which accompanied the sudden crack occurrence at the end of the three-point 
bending test. 
 
From these small-scale tests, it can be concluded that damage evolution in masonry is 
detected by the optical fibre sensors, although not only AE events but also other phenomena 
(pressure shift and deformations) cause event detections. For the discussed three-point 
bending tests, these phenomena are also linked to damage increase. An overall pinching of the 
optical fibre should be avoided as this causes a decreasing light intensity at the fibre output 
throughout the test, resulting in a decreasing sensitivity. 
 
 



4.  Application on masonry arches 
 
4.1 Description of setup and expected failure mode 
 
Two experimental tests on full scale masonry arches were performed to further validate the 
monitoring setup. For this purpose, two masonry arches with a span of 2 m and rise of 1 m 
were constructed, the first one being a pointed arch, the second one a parabolic arch. Clay 
bricks (48*88*188 mm³) were used with two bricks per section and perpendicular brick 
orientation between adjacent sections. In general, masonry has a high compressive strength 
and very low tensile strength. Therefore, this type of arched masonry construction fails due to 
the formation of hinges. Cracks occur in the sections where the line of thrust is positioned 
outside the middle third of the section, thus allowing for tension and subsequent cracking in 
the mortar joint or the brick-mortar interface, see Figure 9. If enough hinges are formed to 
turn the arch into a mechanism, in our case 4 hinges, the arch will collapse. 
 
Aim of the acoustic emission monitoring with OFS is to detect the moments at which crack 
initiation and growth occurs and to identify the moment of formation of the fourth hinge, 
which is accompanied with unstable crack growth and final failure. The damage detection 
with the optical fibre sensor is compared with results of AE detection with commercial PZT 
transducers. The results of the former are an integrated damage response along the active 
length of the fibre, while the PZT transducers are point sensors which have to be positioned in 
close range of a specific crack to allow detection. The same SMARTape sensors and 
polarimetric setup described above are used for these tests. In addition, AE detection is 
carried out with a Vallen AMSY-5 system and 4 resonance type piezoelectric transducers with 
a resonance frequency of 150 kHz. Loading is applied with a hydraulic jack positioned at the 
top of the arch. The load is increased in small steps of 0.2 or 0.5 kN and two load cells (with a 
range of 50 kN and 5 kN) are used to measure the applied vertical force at the top and the 
resulting horizontal force at the onset of the arch respectively. The application of a vertical 
load at the top of the arch is not the most critical position; however, it allows for a simple 
symmetrical setup, advance prediction of hinge location and it is effective for the purpose of 
the test. 
 

 
 

Figuur 9. Failure mechanism of simple arch with central loading at the top. 



The experimental setup is depicted in Figure 10. For the first arch, the SMARTape is glued on 
the side, covering only half of the arch since symmetrical behaviour is assumed. For the 
second arch, the sensor is glued on the extrados. Since in these specific tests, the SMARTape, 
which has a tensile strength of 400 MPa, was not allowed to influence the behaviour of the 
arch, it was only fixed to the arch in places where compressive forces were expected, thus at 
the side of the arch where hinges would occur. This implies that for the second arch, part of 
the OFS had to be positioned using vacuum grease on a surface which had been smoothed 
with a thin plaster layer. This part of the SMARTape was allowed to move with regard to the 
arches’ surface upon crack opening. This sliding might also cause detection of light intensity 
fluctuations in the optical fibre sensor. The other part of the sensor, at the top of the arch, was 
fixed with a 2-component epoxy glue and showed higher sensitivity for AE transient 
detection. In case of the first arch, the OFS was fixed on the side of the masonry arch, on the 
expected final position of the trust line upon critical loading. This optical fibre was fixed with 
a vacuum grease on a smoothed surface and the sensor was removed before complete failure 
of the arch to prevent the optical fibre from being damaged. In real case studies, large cracks 
are to be avoided and thus the restrictions described above are of no concern. Here, it will 
often be seen as an advantage that the OFS not only monitors, but also slightly strengthens the 
structure. Sensor locations are presented in Figures 11 and 12. PZT sensors are fixed with hot 
melt glue along the length of the optical fibre in close range of expected crack locations, see 
Figures 11 and 12. 
 
 

 

Figure 10. Experimental setup of load test on pointed arch. Sensor locations are indicated. The opposite side of 
the arches is painted in white lime wash to enhance visual observation of the cracks, see inset in the upper right 

corner. 
 
 
4.2 Results 
 
The cumulative amount of AE events, detected with the optical fibre sensor and the 
piezoelectric transducers are presented in Figures 11 and 12. The lower graph indicates the 
evolution of the applied vertical force.  
 

hydraulic jack 
and load cell 

PZT OFS 
(SMARTape) 



The dotted vertical lines in the graphs indicate the moments at which a crack is visually 
observed. Crack locations are indicated on the arches and subsequently numbered. It is 
possible that cracks occurred prior to the moment on which they were visually observed. The 
vertical line on each graph pin-points the moment at which the PZT sensors and the optical 
fibre were removed. This was done to protect the sensors, since after the arches had reached 
their maximum capacity, they were tested up to full collapse. The SMARTape on the second 
arch could not be removed as it was installed with epoxy glue.  
 
 

 
Figure 11. Results of load test on pointed arch with SMARTape on one side and 4 PZT transducers: cumulative 

number of OFS and PZT events and vertical loading as a function of time. Moments of visual detection of cracks 
indicated with vertical dotted lines. Crack and sensor locations indicated on right figure. 

 
 

 
Figure 12. Results of load test on catenary arch with SMARTape on extrados and 4 PZT transducers: cumulative 
number of OFS and PZT events and vertical loading as a function of time. Moments of visual detection of cracks 

indicated with vertical dotted lines. Crack and sensor locations indicated on right figure. 

 
 



As a first observation, it can be noticed that the total amount of detected events, as well for 
the OFS as the PZT sensors, is much larger for the second arch. This difference is due to a 
combination of two reasons. Firstly, the SMARTape of the second arch has been fixed with 
strong epoxy glue, which might also cause acoustic emissions upon cracking. Secondly, the 
first arch has been constructed with a cement mortar without any additives, while the second 
arch was constructed with a lime-cement mortar, which showed much better workability and 
adhesion to the bricks. Therefore, since the failure mode of the arches consists of formation of 
hinges and thus disconnection between mortar and bricks, a higher energy release and thus 
more acoustic emissions originate from the disconnection between the bricks and the lime-
cement mortar of the second arch. To verify this assumption, additional small-scale three-
point bending tests have been performed on samples with vertical mortar layers in the 
respective mortar types and similar observations were made in these tests. The samples with 
lime-cement mortar showed better pull-of resistance and thus higher AE energy release than 
the samples with cement mortar. 
 
From an analysis of the results of the first arch, with the SMARTape fixed on the side of one 
of the arches’ legs, following conclusions can be drawn: 

• The optical fibre starts detecting crack growth in an earlier stage than the piezoelectric 
sensors. Very fine cracks are visually observed in this stage: crack 1 at 160 seconds and 
cracks 2a and 3a after 460 seconds. During this stage of the test, the thrustline also 
shifts from a catenary curve under self weight to a steeper curve (which coincides with 
the location of the SMARTape) under vertical loading. Small deformations and stress 
redistributions accompany this shift, which might therefore also cause events.  

• The crack width of crack 3 starts increasing after about 1200 seconds, which is detected 
by PZT 2 as well as by the optical fibre sensor. Crack 2 cannot be detected, as no 
sensors are located on this side of the arch. This stage is accompanied by relaxation 
(decrease of loading upon stopping of the load increase due to continuing 
deformations). 

• The unstable crack growth of crack 3a, which is detected by PZT 2 at 2650 seconds, is 
seen as a precursor of failure. Therefore, the sensors are removed after 2700 seconds. At 
this point, a fourth hinge had not yet been formed and the arches’ maximum capacity 
could still be increased up to 13 kN after removal of the sensors. 

• The increase of crack 3 at the end of the test is not detected by the optical fibre sensor. 
The line of thrust is at this moment located in the same zone as the OFS and therefore, 
this latter does not detect any further damage. Due to the manner in which the 
SMARTape had been connected, most of the detected OFS events were related to 
sudden deformations and stress redistributions caused by shifting of the thrustline 
throughout the test. 

 
For the second arch, following conclusions can be drawn: 

• The OFS as well as PZT sensor 2 and 3 detect the initiation of crack 1a and b. 
• The initiation of crack 2 is only detected by the optical fibre sensor, not by PZT 1. The 

latter did detect the increase of crack 2a and b to a small extent.  
• The third crack has been noticed visually rather late, however, this crack might have 

been initiated earlier as can be assumed from the events which were detected by PZT 4. 
• The cumulative OFS events give a good representation of the overall behaviour of the 

arch and the moment on which the arch reaches its maximum capacity is well detected.    
• After detection of this unstable crack growth by the optical fibre sensor, the PZTs are 

removed from the arch. After removal of the PZTs, no higher loads are obtained, thus 
the OFS had effectively indicated the moment at which maximum capacity was reached. 



 
The difference between both sensor types, optical fibre sensors and PZT transducers, is 
clearly deducible from these results. Since the PZT are point sensors, they do record the 
energy release which is triggered by crack initiation and growth, as long as the crack is 
located within vicinity of the sensor. The optical fibre on the other hand better represents the 
overall behaviour of the arch, as it records an integrated response of all damage zones along 
the length of the fibre.  
 
For the first arch, unstable crack growth was only detected by one PZT sensor which was 
positioned at 2 cm from the crack location. Upon continuing of the test, it appeared that the 
critical load had not yet been reached at this point. For the second arch at which the OFS is 
fixed to the arches’ extrados with epoxy glue, the unstable crack growth and point of 
maximum capacity are well detected by the optical fibre sensor, but not by the PZT sensors.  
 
 
5.  Conclusions 
 
In the presented study, a single mode optical fibre sensor (OFS) in a polarimetric setup was 
applied to detect damage induced acoustic emissions in masonry. Optical fibre sensors were 
installed on a test wall to calibrate the system and initial three-point bending tests were 
performed on small masonry samples. It was observed that the detection range of a pencil lead 
break was limited to a zone along the fibre with a width of 2 cm. Damage evolution during 
small-scale three-point bending tests could be followed, but the possible influence of other 
pressure sources (overall pressure on the fibre, deformations and stress redistributions upon 
shift of the neutral axis) should be taken into account.  
 
Additionally, full-scale compression tests were performed on masonry arches, while detecting 
crack initiation and growth both with optical fibre sensors and PZT transducers. Results 
indicated that damage due to crack initiation and growth in masonry arches can be detected 
with the optical fibre sensors. Although sensitivity to AE transients is less compared with 
PZT transducers, the results of the polarimetric OFS setup provide a good representation of 
the overall mechanical behaviour and crack growth within the structure. 
 
It can be concluded that the AE-detecting optical fibre sensor in a polarimetric setup is a 
valuable addition to point sensors for detecting damage increase in masonry. In case the exact 
zone of interest cannot be located beforehand, the OFS provides an alternative to a large 
amount of individual point sensors, since a larger area, but with limited width, can be covered 
by one sensor. The challenge at this point is a further development of the signal filtering and 
post-processing as to distinguish more clearly between different event sources, such as AE 
transients but also mechanical movement and system-induced noise. 
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