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Acoustic Emission Analysis of Cement Mortar

Specimens During Three Point Bending Tests

Abstract

This work discusses the experimental results of Acoustic Emission
(AE) recordings during repetitive loading/unloading loops of ce-
ment mortar beams subjected to three point bending. Six repeti-
tive loading cycles were conducted at a gradually higher load level
until the failure of the specimens. The experimental results clearly
show the existence and dominance of the Kaiser effect during each
loading loop. Regarding the AE data, alternative analysis was
conducted using the improved b-value, and the cumulative energy
behaviour. Both quantities considered, show qualitative and quan-
titative characteristics that could be used as pre-failure indicators.
In addition, a novel statistical physics analysis involving the AE
interevent times was conducted by calculating the cumulative
probability function P(>dt) that follows a g-exponential equation.
The entropic index ¢ and the relaxation parameter f; of this equa-
tion show systematic changes during the various stages of the
failure process. The last cycle led to a ¢ value equal to 1.42, imply-
ing the upcoming fracture which is in good agreement with previ-
ous results obtained from a wide range of fractured materials.
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One of the basic principles of the restoration of an ancient monument is to respect and (if possible)
repeat the ancient method of construction. Unfortunately this is not always possible. A typical ex-
ample is the case of the classic monuments of the Athenian Acropolis: During the restoration pro-
ject in progress it has been decided to substitute the molten lead (used by ancient Greeks for filling
the grooves in which the iron connectors of structural members were placed) by a suitable cementi-
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tious material (mortar). The specific decision was made after exhaustive scientific study of the
three-material complex (marble - metallic connector - filling material), on which the construction of
these monuments is based. The main arguments for reaching this decision refer to the physico-
chemical compatibility (Skoulikidis, 2000).

In addition, the mortar used must be compatible with the authentic building material (Pentelic
marble) also from a mechanical point of view. The specific aspect is long ago under consideration
however a definite decision is not as yet made especially with regards to the damage mechanisms
activated in the types of mortar used.

In this context an attempt is here described to gain a better overview of these mechanisms tak-
ing into account that both the structural behaviour of white cement mortar and the damage evolu-
tion within its volume, under mechanical loading, are of great interest not only for restoration pro-
jects but also for the wider range of its applications. Indeed cement is nowadays one of the main
construction materials and therefore thorough knowledge of its damage state is sine-qua-non for the
evaluation of its remaining life or equivalently of its remaining load-carrying capacity.

This topic seriously concerns the structural-engineering community and as a result the diagnos-
tic methods for the assessment of damage are continuously developed aiming at the estimation of
the impending failure. Among the techniques widely used in this direction is the Acoustic Emissions
(AE) detection technique. In spite of its wide application the technique is still under further devel-
opment especially concerning its application for the study of structural health monitoring of cement
based materials.

The AE technique is proven one of the most valuable tools for monitoring and understanding
the underlying mechanisms of dynamic fracture processes. In addition it is considered as a powerful
tool that can give signals related to upcoming failures (Rao and Lakschmi, 2005). AE events occur
when sequential series of short impulse energy mechanical waves are released due to the activation
of internal damage and (micro-) fracture mechanisms caused by externally applied mechanical loads.
The released elastic wave travels as a spherical wave within the bulk of the material. The detection
of AE events is used for damage localization and damage level assessment in brittle materials such
as concrete and rocks (Lockner, 1993; Stanchits et al., 2006; Aggelis et al., 2013; Stergiopoulos et
al., 2013). The AE events, due to crack growth in brittle materials, are usually observed in the high
frequency range, typically between 50 kHz and 800 kHz. Their main characteristic and advantage is
that they are observed even from the early stages of the damage process. During fracture process in
quasi-brittle materials, the micro-cracks formation and growth are manifested by releasing a number
of AE events with different amplitudes. The increasing rate in the AE activity, observed as the
specimen approaches failure, is strongly correlated with the decay of the mechanical properties of
the material (Anzani et al., 2008). Specifically, for cement based structures the AE technique is one
of the sophisticated methods useful for monitoring crack growth (Rao and Lakschmi, 2005).

In the present paper the AE recordings are elaborated through the interevent time analysis,
conducted in terms of the normalised cumulative probability function, which obeys a g-exponential
equation (Vallianatos et al., 2012a). The parameters of this function show systematical changes
during the different stages of the failure process. The study is conducted using Non-Extensive Sta-
tistical Physics tools. Since disorder and long-range interactions are two of the key components of
acoustic emissions originated by microfractures (Vallianatos et al., 2012a), a generalization of
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Boltzmann-Gibbs (BG) statistical physics introduced by Tsallis (Tsallis, 2001; Tsallis, 2009) (re-
ferred as non-extensive statistical physics - NESP) is used here to explore the AE organization after
the application of mechanical load. The advantage of considering the Tsallis distribution is that,
based on the principle of entropy, it can be related to statistical mechanics and reduces to the tradi-
tional BG statistical physics as a special case. Fracture related phenomena, as AEs are, exhibit frac-
tality, long range interaction and memory effects (Varotsos et al., 2011; Vallianatos et al., 2011a;
Vallianatos et al., 2012a). It is exactly phenomena of such nature that constitute the scope of non-
extensive statistical mechanics (Tsallis, 2001). Recent applications of NESP to fracture mechanics
(Vallianatos et al., 2011a) and solid earth physics (in regional or planetary scale) were summarized
by Tsallis (2009). They are mainly focused in seismology (Abe and Suzuki, 2003; Abe and Suzuki,
2005; Telesca, 2010a; Telesca, 2010b; Vallianatos et al., 2012b), fault lengths distribution (Vallian-
atos and Sammonds, 2011; Vallianatos et al., 2011b) and very recently to natural hazards (Vallian-
atos, 2009), plate tectonics (Vallianatos and Sammonds, 2010) and geomagnetic reversals (Vallian-
atos, 2011). Therefore, the applicability of NESP in fracture and in complex geosystems is support-
ed as well. Within the nonextensive thermostatistics formulation, which will be used for the analy-
sis of AE evolution, an entropic index ¢ exists which expresses the degree of non-additivity. In the
limit q—1, the standard entropy is recovered and the approach reduces to the well-known Boltz-
mann—Gibbs (BG) one. The cases with q<1, g=1 and q>1 correspond to super-additivity, additivi-
ty and sub-additivity, respectively (Tsallis, 2009).

The question whether AE evolution is properly described by NESP, even at the phenomenologi-
cal level (i.e. without specifying any underlying model), represents a challenge and this is exactly
the problem addressed here. The main motivation of the present work is to investigate the statisti-
cal physics of AE in specimens made of cement mortar, which are subjected to mechanical loading,
by analyzing the temporal evolution of AEs that occur before the final failure. The aim is not to
develop a precise model, but rather to present a simple argument of physical plausibility. In this
direction the experimental results of AE recordings, obtained during the repetitive load-
ing/unloading loops of cement mortar beams subjected to three point bending (3PB), are analyzed.
Six loading loops were conducted at a gradually higher load level until the fracture of the speci-
mens. The existence of the Kaiser effect is demonstrated through the cumulative counts and the
corresponding AFE energy during each loading cycle. The AE data are elaborated under the concepts
of b-value analysis and NESP aspects. The data analysis clearly shows the existence of pre-failure
characteristics that may be used to indicate the upcoming failure of a cement based specimen.

2 EXPERIMENTAL DETAILS
2.1 Specimens

The specimens were made of white cement mortar and subjected to 3PB tests according to the
ASTM C-348 standard (see Photo 1). The mortar was prepared using coarse and fine quartz sand
mixed with Aalborg white cement according to the procedure adopted by the technicians of the
Parthenon worksite of the Athenian Acropolis. The mix proportion was two parts coarse quartz
sand, one part fine quartz and one part white cement. In order to calibrate the experimental ar-
rangement and parameters (i.e. limits for the loading frame, loading rate, etc) preliminary 3PB tests
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were implemented taking special attention to fulfill the Bernoulli — Euler technical bending theory
geometrical restrictions. In this context the dimensions of the specimens were 190 mm long (L=190
mm) with square cross-section of 40x40 mm?® (H=B=40mm). The distance between the supporting
rollers was equal to 160 mm so that L/B=4. For obtaining 95% of their total strength the speci-
mens were tested 90 days after their preparation (Kosmatka et al., 2003). These tests provided an

average bending strength equal to approximately 15 MPa or equivalently a fracture force (Lf) vary-
ing between 3.8 kN and 4.1 kN.

Photo 1: Typical white cement specimen. Photo 2: The experimental setup.

2.2 Loading Protocol

During the 3PB tests sequential loading and unloading (loading cycles) were conducted at gradually
higher load levels until the fracture of the specimens. The experiments were carried out under load
control. During the first cycle the maximum load was predefined to reach 33% of the 3PB strength
of the specimen (as determined from the preliminary tests). During each subsequent cycle, the max-
imum value of the applied load was 15% higher. Specifically, the maximum loading values during
each loading are shown in Table 1. Sequentially to the loading procedure an unloading one was
conducted at the same rate (i.e. 34 N/s) leading at a minimum load value of 0.2 kN.

Loading cycle sequence 1st 2nd 3rd 4th 5th 6th
Maximum 3PB Load (kN) 1.31 1.92 2.48 3.06 3.62 3.96

Table 1: The maximum load values during each loading cycle.

Each experiment was terminated when the specimen was broken independently of the sequence
of the loading/unloading cycle. Using the information retrieved from the preliminary tests regarding
the expected duration of the experiments, the load frame limits and the mechanical behaviour of
the specimens the loading/unloading rate was configured to be 34 N/s.

Based on the authors’ experience and taking into account the final target of this work (i.e. to
investigate the behaviour of the Tsallis ¢ entropic index and estimate the AE felicity ratio) it was
estimated that each specimens should be subjected to six loading cycles. The six load-unload cycles
provide a sufficient number of experimental data while on the other hand the maximum load during
each loading procedure deviates enough from the previous loading in order to show up the behav-
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iour of the felicity ratio up to the fracture of the specimens. During the 6th loading process the
specimens failed at a load value about 8% higher than that of the 5th cycle but before reaching the
targeted load value. It is significant to notice that all the specimens tested failed during the 6th
loading.

2.3 Experimental Setup

The basic experimental setup for measuring the AE is shown in Figure 1. The cement mortar beam
was supported by two rigid metallic cylindrical rods positioned at 80 mm each from the center of
the beam (see Photo 2).

DAQ
I%' 5
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— 3

1: Specimen 6: PC / storage unit (Vee based instrument control)
2: Acoustic Emission Sensor 7: GPIB bus
3: PCI-2 Mistras Group AE system 8: Steel base
4: Load cell 9: Supporting steel cylinder
5: Data Acquisition module 10: Load transfer cylinder

Figure 1: Experimental Installation.

An Instron DX-300 electromechanical loading frame (300 kN capacity) was used under load-
control mode to apply the loading scheme at a rate of 34 N/s.

The system that was used to detect and record the AE during the whole loading procedure is
the 2 channel PCI-2 AE acquisition system (Physical Acoustics Corp). One R15a sensor (manufac-
tured by PAC, resonant frequency at 75 kHz) was used to collect the AE events. The Rl5a is a
narrow band resonant sensor with a high sensitivity. The sensor cavity is machined from a solid
stainless steel rod in order to be rugged. It has ceramic face and 30 degree chamfer to cavity in or-
der to electrically isolate the sensor cavity from the structure under test. It must be noted that the
small size of the sensor (i.e. 1.9 cm) was suitable for deploying AE measurements in specimens of so
small sizes. The AE sensor was placed at the front side of the specimens as shown in Figure 1 and
Photo 2 in order to focus at the region where the crack development processes will take place due to
the externally applied bending load and reject all the events that originate from the supporting
rollers. The sensor was coupled to the test specimen using vacuum grease.

Preamplifier was used along with the sensor with gain set at 40 dB. The signals were bandpass
filtered between 20 kHz-400 kHz using the software control of the data acquisition system. To set
the threshold value for recording, pencil lead breaks (5 mm, HB leads) were carried out near the
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area where the crack is expected to appear and the signals recorded were observed. The threshold
was set at 40 dB since this value was found to prevent the recording of lower amplitude reflected
signals from the pencil lead break tests. For the detected AE data processing the Physical Acoustics
Corp. Noesis software was used.

3 RESULTS AND DISCUSSION

The time variation of the applied mechanical load is shown in Figure 2 (solid line) for a typical test.
The applied mechanical load is presented in terms of the 3PB force and the normalised values with
respect to the respective maximum value of the specimen. The specific specimen failed at a load
level equal to about 4.1 kN during the 6th loading. The corresponding variation of the amplitudes
of the AE events is also plotted in Figure 2. Distinguish is made between the AE events recorded
during the loading- (square markers) and the unloading-stage (star markers)of the loading cycles.
The behaviour of the AE amplitudes reveals that significantly fewer AE events are detected during
the unloading branches of the loading cycles. This is expected due to the fact that no further dam-
ages but only minor ones appear and micro-movements occur in the body of the specimen during
the unloading.
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Figure 2: The temporal variation of the 3PB mechanical load (the normalised load values are also shown in
secondary left y-axis) and the corresponding amplitude of the AE events during the loading-

(square markers) and the unloading-branches (star markers) of a typical test.

In addition it may be observed that during each successive cycle the AE events are detected on-
ly when the applied mechanical load reaches and exceeds the corresponding value of the previous
loading. This remark makes clear the existence of the Kaiser effect: Consider a brittle material (like
cement mortar is) subjected to repetitive loading/unloading loops at a load-level capable to cause
internal microdamages. In this case the load applied again during the next loading/unloading loop
cannot cause new extensive damages. Thus, during each next application of the same load the
number of the AE events are expected to be limited and of lower amplitudes.

Figure 3 shows the AE Hit rate (s_l) temporal variation during the loading and the unloading
processes. It is clearly seen that the AE Hit rate gradually increases as approaching the specimen’s
bending strength. Additionally, it may also be seen that AE activity initiates only when the applied
mechanical load becomes higher than each previous loading.

Latin American Journal of Solids and Structures 13 (2016) 2283-2297



I. Stavrakas et al. / Acoustic Emission Analysis of Cement Mortar Specimens During Three Point Bending Tests 2289

1, 40
B
508132 20
3 |2
3 |2
5064 324 5,
E |2 =
] @ 2
Z0.41 71,61 -10 £
z
024 0.8 J 5 <
o 0;* H . } 0
0 100 200 300 400 500 600 700 800

time (s)
Figure 3: The temporal variation of the 3PB mechanical load (the normalised load values are also shown in

secondary left y-axis) and the corresponding AE Hit rate per second during the loading

(black lines) - and the unloading-branches (grey lines).
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Figure 4: The development of the cumulative counts during each loading cycle with respect

to the 3PB load (the normalised load values are also shown in secondary x-axis).

To further support this observation, the number of the cumulative counts of the AE is calculat-
ed during each loading process. The results are shown in Figure 4, where the cumulative number of
the AE counts is shown with respect to the applied 3PB load (and normalised mechanical load sec-
ondary x-axis) during each loading step. Provided that each next loading initiates at a load level
near 0.2 kN (i.e. the value that the load attains after unloading) it may be clearly seen that AE
counts show significant increase when the applied load reaches approximately the level of the max-
imum load of the previous loading process. Another observation is that the total number of the
counts during the first three loading loops is practically constant. During the last three loading
loops the total number of AE counts rapidly increases reaching a maximum value of 9000 AE
counts approximately during the last loading step, where the specimen collapsed. This increase indi-
cates the increased rate of non-reversible phenomena (microcracking, etc) within the bulk of the
specimen which is directly related to deviation from linearity of the respective load-deflection curve.
This is clearly seen in Figure 5 where the load induced is plotted against the deflection of the cen-
tral section for a typical specimen. Similar behaviour is observed in most rock-like materials, for
example Dionysos marble (Exadaktylos et al., 2001), when loaded in bending.
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A qualitatively similar behaviour is found regarding the AE released energy. The released cu-
mulative energy of the AE is calculated during each loading process. The results are shown in Fig-
ure 6 where the cumulative energy of the AE Hits is plotted with respect to the 3PB load and the
normalised mechanical load during each loading. Again, it may be clearly seen that the AE energy
shows significant increase when the applied load reaches approximately the level of the maximum
load of the previous loading loop. Regarding the behaviour of the totally released AE energy during
each loading (see Figure 6) it may be also seen that during the first three loadings the total energy
slightly decreases while during the last three ones it increases, reaching a maximum of approximate-
ly 10" aJ during the last loading. The observed initial decrease may be attributed to the physical
characteristics of the AE events. The fact that during the first three loadings the total number of
counts is practically constant but these counts are found of lower energy may be attributed to the
fact that the AE events of each next loading loop are of lower duration. This remark may provide
the information that the level of the applied mechanical load is still very low and not capable to
cause significant and catastrophic internal damages. In conclusion, both Figures 4 and 6 clearly
demonstrate the existence of the Kaiser effect.

4.5

Load (kN)

0.0

0.0 0.2 0.4 0.6 0.8
Deflection (mm)

Figure 5: Typical load-deflection curve when marble specimen is subjected to Bending.

Cumulative AE Energy (aJ)
00'
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Figure 6: The development of the cumulative AE Energy during each loading with respect to the 3PB load

(the normalised load values are also shown in secondary x-axis).
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The Kaiser effect states that a structure will only release significant AE when exposed to ap-
plied stresses higher than ones encountered previously. Certain conditions lead to a violation of the
Kaiser effect, known as the Felicity effect, quantitatively measured using the Felicity Ratio (FR).
Kaiser effect violations demarcate the occurrence of critical micromechanical damage and indicate
impending failure. The cumulative number of the AE Hits during each loading process with respect
to the applied 3PB load is presented in Figure 7. It becomes clear that significant number of AE
activity is shown only when the mechanical load becomes higher than the level of the load previous-
ly applied. Thus, and in order to evaluate the level of the Kaiser effect existence and the quality of
the AE measurements the FR was calculated according to the following equation:

FR = Load at onset of significant AE
B Load at previous load hold (1)

In Figure 7 the calculated FR is shown with respect to the 3PB load values indicating that its
initial value is 0.94 approximately while it reaches gradually lower values during the last three load-
ing loops and specifically reaching its minimum value (i.e. FR=0.8 approximately) during the final
loading. Literature reports on similar materials support the observation of the F'R reduction (Sagar
et al., 2012; Shah et al., 2014).

400 -
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Number of AE events
Felicity Ratio
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3.2
3PB Load (kN)

0 0.2 0.4 0.6 0.8 1
Normalised Load

Figure 7: The cumulative number of the AE events and the felicity ratio with respect to the 3PB load during

the whole experimental procedure (the normalised load values are also shown in secondary x-axis).

Given that during a loading scheme the amplitude variation of the AE is modified while failure
is approached, statistical values (i.e. mean and standard deviation) of a certain number (n) of AE
events can be taken into account in order to obtain an “improved b-value” (Iy). This improved value
has been defined as follows (Shiotani et al., 1994; Shiotani et al., 2001):

= logN(u + a,0) — logN (u — a,0) 9
b (a1 +az)o (2)

where N is the number of the AE events, u is the mean amplitude, o is the standard deviation and
a, and a, are user-defined constants. Usually, a;=a,=1. A standard number (n) of successive events

can be used for the estimation of the Iy -value which might range between 50 and 100 (Kaphle et
al., 2011).
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In order to show up the variability of the I -value, during the specific test, the set of AE events
that occurred during each loading process was used. Consequent [p -values were calculated corre-
sponding to the maximum 3PB load during each loading loop. Both parameters a, and a, of Equa-

tion 2 were set equal to 1. The results are shown as Ir-values versus the 3PB load in Figure 8a. The
error boundaries are calculated following the standard error formula:

error = I,/N'N (3)

where N is the number of the AE events. It is evident that during the first three loading loops the
I-values exhibit a noticeable increase indicating prevalence of microcracks (Rouchier et al., 2012).
For the three initial loadings high Ii-values (I» between 1 and 1.1) are obtained due to a large num-
ber of low amplitude AE events. This could be attributed to new crack formation and the conse-
quent slow crack growth (Rao and Lakshmi, 2005). During the last three loading loops the Ili-values
start to decrease intensely exhibiting values lower than 1. Finally slightly before the fracture the Ii-
values drop at values around 0.8 approximately. This is indicative of unstable crack growth given
that relatively high amplitude AE events are observed in large numbers.
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Figure 8: (a) The Improved b-value variation and (b) the total number of the recorded AE events during each

loading loop with respect to the 3PB load (the normalised load values are also shown in secondary x-axis).

Figure 8b presents the total number of the recorded AE events during each loading loop. It may
be clearly observed that during the first loading a relatively high number of AE events are recorded.
Such an activity may be attributed mainly to parasitic effects like loading system frictions and spec-
imen micro-movements or even at specimen’s preexisting internal and structural reasons. Beyond
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that point a clear increase of the AE activity is observed leading to the clear conclusion that the
applied mechanical load causes catastrophic damages in the specimen’s bulk. At the final loading,
during which the specimen failed, a lower number of AE events is recorded but these were of higher
amplitudes, higher number of AE counts and higher Energy (see Figures 2, 4 and 6).

NESP modeling, based on implementing the Tsallis entropy, was then applied on the experi-
mental data. The interevent times of the recorded AE were calculated and the cumulative probabil-
ity function (CPF) was plotted (Figure 9).

Sequentially the experimental data were fitted using the following g-exponential equation sug-
gested by Vallianatos et al. (2012a):

P(>60)=[1+(q—1)- B, 61/~ D (4)

where P(> 87) stands for the probability of observing an interevent time higher than 87, q and f,
are the corresponding Tsallis equation parameters. Studying the experimental data under statistical
physics concept, the parameter ¢ suggests a complex picture possibly related with fractures’ fractal
network that drives the AE events (Vallianatos et al., 2012a). Specifically, according to Landis and
Shah (1995) and Landis (1999) where similar materials were tested using the 3PB mechanical test-
ing method the physical processes that dominate are getting closer to a Boltzman—Gibbs statistics
when approximating fracture. Equation 4 was used to fit the experimental data as may be seen in
Figure 9 in order to estimate the best fitting values for q and f, Tsallis equation parameters.

The fitting results as calculated according to the Tsallis entropy model are shown in Figure 10
providing a full picture of the behaviour of the critical parameters ¢ and f; with respect to the cor-
responding value of the 3PB load of each loading process. After analyzing the experimental results,
the error of the values was calculated using the simplest form of bootstrapping and are estimated to
be of the order of 1% regarding the ¢-exponent and 7% for the f,.

The initial low value of the g-parameter implies the existence of well-organized processes includ-
ing mainly reversible grain boundary sliding. During the first three loading loops it is expected to
record AE events that are mainly attributed to the interface zones of cement-fine aggregates. Such
processes can be characterized as highly deterministic since they are related to the geometry and
the composition of the specimen with regard to the water/cement/sand ratio during its preparation.
Beyond that point and during the last three loading loops microfracture processes take place involv-
ing grain boundary sliding and crack bridging. The values of ¢ while approaching the failure load
level reach the critical value of 1.42 (Vallianatos and Sammonds, 2013) designating clearly the inev-
itable upcoming fracture. Since this framework concerns non-extensivity, which is, in turn, related
to (multi)fractality (Vallianatos et al., 2015), it may be said that the behaviour of Tsallis parame-
ters suggests a fractal picture for fractures' network that represents each loading cycle, as has been
previously suggested not only in rock physics but in earth sciences too (Vallianatos and Triantis,
2012; Vallianatos and Triantis, 2013; Vallianatos and Sammonds, 2014; Michas et al., 2015). More-
over, each loading-unloading cycle contributes to the creation of a rich fractures' network and con-
sequently the collection of AEs is expressed by a ¢-parameter which gets higher in each repeated
loading-unloaded cycle (see Figure 9), approaching approximately 1.5 as the order of the sequential
loading-unloading cycle increases, indicating that a ¢-exponential distribution is approached in the
fracture's network as the loading-unloading cycle is repeated indicating a high degree of hierarchical
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organization similar to that of faults in geodynamic systems fractality (Vallianatos et al., 2015;
Michas et al., 2015).
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Figure 9: The Cumulative Probability Function (CPF) with respect to the interarrival times during each of the six

loading cycles. The corresponding fitting line and the estimated values of the ¢ and f; Tsallis parameters.
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Further investigation is required in order to use the AE detection technique as a tool to define
the development of crack generation and propagation through the g parameter.

4 CONCLUDING REMARKS

An experimental protocol was implemented involving the detection and measurement of AE when
three point bending mechanical loading was applied on white cement mortar beams. The Kaiser
effect was extremely pronounced; it was clearly seen that during each next loading cycle the AE
activity initiates only after exceeding the previously applied load value. From a quantitative point
of view a number of about 9000 cumulative AE counts and approximately 10" aJ of cumulative AE
energy was recorded during the final loading phase. This observation is further supported by the
FR behaviour that is consistent with the existing literature and its initial value of 0.94 gradually
drops to a minimum value FR=0.8 during the final loading. Finally, the variation of the Ii-value
shows that it drops to the critical values (i.e. lower than 1) only during the last two loadings.

The experimental technique adopted seems to act in a supplementary way for monitoring the
damage initiation and propagation processes. Moreover it was clearly shown that adopting the Non-
Extensive Statistical Physics description of the data reveals critical hidden features of the damage
evolution process.

On the other hand it was indicated that Non-Extensive Statistical Physics can provide indica-
tors that could act as a precursor of upcoming catastrophic fracture. Although further research is
required with a wider variety of loading protocols and materials the preliminary results presented
here are definitely encouraging. The behaviour of the entropic index ¢ and the relaxation parameter
Pq of the Tsallis equation show systematic changes during the different stages of the failure process.
The last cycle led to a ¢ value equal to 1.42; implying the upcoming fracture which is in good
agreement with previous results obtained from a wide range of fractured materials.

Since this work constitutes a preliminary approach, the results at this stage are mainly of quali-
tative nature. Further experimental evidence is required in order to draw quantitative and statisti-
cally evaluated conclusions.
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