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1.  STRUCTURE OF THE MANUSCRIPT
Referee comment:
To my opinion the length of Section 2 is dispromoally long [...]. The section should be drastically
shortened, most of its figures must be removed tlagwl it could become part of the Introduction. On
the contrary Section 4 should be analyzed accoidirgmuch more detailed manner. Quite a few
details concerning the way the raw data were peatkare missing.
Authors’ reply:
Section containing architectural and historicaladethas been suppressed. Relevant information
concerning the historical building and the struatwwlement under monitoring became part of the
Introduction, and we have removed figure 1 fromranuscript. On the other hand, we have given
more experimental details, concerning data acqguisédnd data processing, in Section 2, now titled
“Experimental results”, and in Section 3, “Frequemnd natural time analysis of AE time series
and correlation with nearby seismicity”.
In Section 2, we have specified:
* the type of the adopted transducersr¢ad-band type, working in the range 10 kHz — 1
MHZ");
» the accuracy of the arrival time of signal®.2us");
» the criterion used for determination of noise atoge (“Before starting the monitoring, the
background noise has been checked for a represemtperiod of time, i.e. 24 hours, in
order to determine the level of spurious signals][1.5 mV).

Further changes are reported in the following oint

2.  THE TITLE OF THE MANUSCRIPT

Referee comment:

The title of the contribution is somehow misleadargverambitious. The authors did not monitor a
Monumental Building but rather a specific struct@l@ment of the building. Moreover the technique
(Acoustic Emission) used to monitor the elemenusthbe somehow reflected in the title and the same
is true for the analysis technique (Natural time).



Authors’ reply:
The title of the manuscript has been changed &safs] “Frequency and natural time analysis from
acoustic emission monitoring of an arched structarthe Racconigi Castle

3. ADOPTED ASSUMPTIONS THAT MUST BE JUSTIFIED

Referee comment:

This is, for example, the case of the statembempéarticular, the increased AE rate marked by dical
dashed line in the top diagram of Fig. 5 can bearelgd as a signature of unstable damage
accumulatiofi (p.7, lines 5-7). | am not convinced ttaaty increase of the AE ratas a sign of
unstabledamage accumulation.

Authors’ reply:

We added the following statement in Section 2:

“[...] Since all possible noisy signals in the frequy and amplitude range of measurement have been
minimized, the burst of AE activity, marked by dival dashed line in the top diagram of Fig. 4ndae
reasonably correlated with sudden increase in dagrecrumulation.”

Referee comment:

Along the same line the authors should justifyrticbice for“... partitioning the time window
preceding the considered seismic event into thubergervals (0-80h; 80h-285h; 285h-485h) roughly
containing the same number of AE evé(psll, lines 6-9). What is the criterion for divmg the overall
time interval into three sub-intervals and why specific ones were chosen?

Authors’ reply:

We added the following statement in Section\W®e“have chosen the following sub-intervals: (Oln)50
(90h, 190h); (260h, 485h) characterized by difféitages of the AE activity separated by quite long
silent periods. The first interval, (Oh-50h), cantaa sudden increase in the AE rate, followedaay t
intervals, (90h, 190h) and (260h-485h), with smeothE rates.”

4. SOME QUALITATIVE STATEMENTS AND CONCLUSIONS SHOULD B E QUANTIFIED
Referee comment:

For example it is stated that “a. progressive reduction of the highest frequencies,between 400 and
800 kHz, is observable as the seismic event wamagiped (p. 11, lines 9-10). What is the magnitude
of this reduction? Is this reduction significantlasn what basis of comparison?

Authors’ reply:

We added the following statement in SectiofiThe reduction is given in percentage terms, 3@%%
and 16% of the total amount of signals for eachrithigtion.”

5. SOME TYPING ERRORS MUST BE CORRECTED AND SOME SENTENCES SHOULD BE

REPHRASED

Referee comment:

Although from a linguistic point of view the manugt is very well written, some points must be
considered, as follows:

5.1p.6, lines1-2. The sentence should be rephrased.

5.2p.8, line 17. The sentence contains a duplicatiamonds.

5.3p.8, lines 22-26. This is a very long sentencerandt be rephrased.

5.4p.12, line 1: On the other handsnust be written “On the other hand”.

Authors’ reply:

5.1p.6, linesl1-2. The sentence has been rephrasetiass:

“Damage assessment in an arch of castle’s therra# IoFig. 1) has been carried out by the AE
technique, as a first step to plan possible redtorainterventions. [...] The examined architectural



element, currently supported by a steel frame strec is a masonry arch with a span of 4 meters
exhibiting a relevant crack pattern.”

5.3p.8, lines 22-26. The sentence has been rephassietiows

“Here, the damage evolution of a structural elemisnhvestigated by analyzing the AE time series
using two different methods and comparing the teskirst, the evolution of varianed and entropy S
of the natural-time transformed time serig&{} is studied, where the energy Qk associated thighAE
event amplitude Ak is given by Qk = Ak1.5, simjyiaol seismology (Kanamori and Anderson, 1975;
Turcotte, 1997). The second method used is the/sinalf evolving AE signal frequencies over the
monitoring time (Gregori et al., 2004; Gregori dt,&2005; Schiavi et al., 2011).”
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Abstract. The stability of an arch as a structural elemenhenthermal bath of King Carlo Alberto
in the Royal Castle of Racconigi (on the UNESCO M/ dteritage List since 1997) was assessed
by the Acoustic Emission (AE) monitoring techniqueth application of classical inversion
methods to recorded AE data. First, damage sooaaion by means of triangulation techniques
and signal frequency analysis were carried out.nTliee recently introduced method of natural
time analysis was preliminarily applied to the Ambe series in order to reveal possible entrance
point to a critical state of the monitored struatuglement. Finally, possible influence of the loca
seismic and micro-seismic activity on the stabitifythe monitored structure was investigated. The
criterion to select relevant earthquakes was basedhe estimation of the size of earthquake
preparation zones. The presented results suggesséhof AE technique as a tool for detecting both
ongoing structural damage processes and micro-geiantivity during preparation stages of
seismic events.

1 Introduction

Fracture in heterogeneous materials is a complerghenon which involves a wide range of time,
space and magnitude scales, from microcracking amh@uake ruptures, including structural
failures (Omori, 1894; Richter, 1958; Kanamori ahaderson, 1975; Aki, 1981). Thus, acoustic
emission (AE) monitoring during loading experimergive an insight into the evolution of
microcrack networks in laboratory experiments aassjbly a tool for understanding the occurrence
of fractures at larger scales (Mogi, 1962). Sirfee last decades, this approach has provided the
opportunity to develop universal scaling laws refileg the scale-invariance and the self-similarity
of fracture processes from the laboratory to thdtfecale in time, space and magnitude domains
(Turcotte, 1997; Bonnet et al. 2001; Bak et alQ20Tosi et al., 2004; Corral, 2006; Davidsen et
al., 2007; Kun et al., 2008). These studies shbajmefully contribute to solving the main problems
of earthquake prediction and the remaining lifeeasment of structural elements. In particular, the
latter is a crucial issue for researchers involedestoration projects of historic monuments with
damaged and cracked structural elements, which bemefit from the use of nondestructive
monitoring techniques for the structural integagsessment (Carpinteri et al., 2011; Schiavi et al.
2011; Lacidogna et al., 2015a). AE monitoring, tgzrovides information on the internal state of a
material without altering state of conservatiorsttues, monuments and fine artworks, seems to be
suitable for this kind of structural monitoring.

A relevant case study is here illustrated by thecBaigi Castle (origin dating back to the XIli
century), whose original structure of medieval fest was transformed over the centuries into a



royal residence, becoming the southernmost of #v®yResidences and one of the most important
monuments in northwestern Italy. The moment of eased activity and restoration occurred
between 1831 and 1848 during the reign of CarleeAtly who commissioned the extension of this
residence to Ernesto Melano (1784-1867) and iterdéion to Pelagio Pelagi (1775-1860).

The castle, with its bearing walls decorated bgdoes, represents an extraordinary benchmark for
the definition of conservation methods exploitingwn technologies (Lacidogna et al., 2011;
Niccolini et al. 2014). This paper presents theailtssof AE monitoring of an arch in the thermal
bath of King Carlo Alberto, located in the groundof of the Racconigi Castle, as a part of the
complex planned by Pelagi on the Roman style aspired by the "balnea" of the Pompeian villas.
The wing of the castle containing this room is eatly being restored.

On the other hand, besides the disruptive powstrohg earthquakes, Italian historic buildings and
monuments suffer the action of small and intermedearthquakes whose effects, though not
immediately or clearly visible, eventually resultincreased vulnerability to stronger earthquakes
with catastrophic human and economic costs. Is fifsimework, over the recent years there has
been an increasing interest in AE monitoring relaie environmental phenomena. Several case
histories in the Italian territory and previousdies support the hypothesis that an increased AE
activity may be signature of crustal stresses tedigion in a large zone during the preparatiom of
seismic event (Gregori et al., 2004; Gregori et 2005; Carpinteri et al., 2007; Niccolini et al.,
2011). According to previous research studies peréd by Dobrovolsky et al. (Dobrovolsky et al.,
1979), it can be assumed that the preparation moaeircle with the centre in the epicenter of the
impending earthquake. The radiusf the circle, called ‘strain radius’, is given the relationship

= 104 * %8 \whereM is the earthquake magnitude anis expressed in km. All the seismic
precursors, including AE, are expected to fall ithis circle.

2 Experimental results

Damage assessment in an arch of castle’s thernial(Bay. 1) has been carried out by the AE
technique, as a first step to plan possible restoranterventions. Among all structural elements,
arches and vaults made of stone or brick, be teayitg or not, are the most prone to degradation
and stress caused by seismic events, changesing &mads and foundation sinking, which cause
the structure to lose its original mechanical props. Because these elements are of great historic
and architectural value, they need to be cons@dat a non-invasive, compatible and consistent
way with regard to their special features. The aranh architectural element, currently supported
by a steel frame structure, is a masonry arch wigpan of 4 meters exhibiting a relevant crack
pattern.

e ™

(@) (b)

Fig. 1. Axonometric view of the Castle in the cont@porary configuration (a); plan of the first
floor: localization of the monitored bearing structure inside the thermal bath (b).



The propagation of one visible macrocrack has heesstigated by an array of eight broad-band

piezoelectric transducers (working in the rangekH2z — 1 MHz) fixed on the arch surface as

shown in Fig.2. The AE transducers have been cdedeto a 8-channel acquisition system

AEmission® which implements algorithms for autoroatinalysis of AE signal parameters, i.e.,

arrival time (determined with accuracy of Qu&), duration, amplitude and counts number (total
number of signal threshold crossings). The stor&dpaArameters can be wireless transmitted to a
receiver allowing long-distance remote and reaktmonitoring.

26/02/2016:13:15

@ (b)

()

Fig. 2: The monitored arch (a) and the transducergositions (b) and (c).

Before starting the monitoring, the background edias been checked for a representative period
of time, i.e. 24 hours, in order to determine téxeel of spurious signals. Thus, after identifying a
signal detection threshold of 1.5 mV, a one-montintoring period started. In order to suppress
possible voltage spikes, acquired AE signals witration < 3us and counts number < 3 have been
filtered out. The spatial identification of archdemaged zones has been performed by applying
triangulation equations to the received AE sigmalsrder to localize the AE sources as active and
propagating crack tips (Shah and Li, 1994; Shiotral., 1994; Grosse et al., 1997; Guarino et al.,
1998; Ohtsu et al., 1998; Colombo et al. 2003; dtecet al., 2003; Aggelis et al., 2013).

The 3D diagrams shown in Fig. 3 suggest that tble experiences damage on one side, despite the
use of reinforcing elements. Since all possiblesygignals in the frequency and amplitude range of
measurement have been minimized, the burst of AEityc marked by a vertical dashed line in the
top diagram of Fig. 4, can be reasonably correlat#il sudden increase in damage accumulation.



() (c)

Figure 3: 3-D map showing the positions of transdwers (blue squares) and localized AE
sources (red dots): front (a), upper (b) and sideigw (c).
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Figure 4: From top to bottom: accumulated number of AE signals (“hits”): the dashed line
indicates a critical point revealed by the naturatime analysis; AE count rate and sequence of
nearby earthquakes marked by red triangles (the arow points the strongest one); time series
of signal frequencies and amplitudes.



3 Frequency and natural time analysis of AE time gees and correlation with nearby
seismicity

In the frame of critical phenomena (Bak et al., 4;98tanley, 1999), the fracture process is viewed
as a critical state of a dynamical system and thblpm of early detection of fracture precursors in
structural elements along before the final collagstansformed in the investigation of indicators
revealing the entrance to a “critical state”.

Recently, a worth of mentioning approach to idgntthen a complex system enters a critical state
has been developed, based on the time-series mnalydl events read in a new time domain,
termed natural timg (Varotsos et al., 2001; Varotsos et al., 2011aptsas et al., 2011b; Varotsos
et al., 2013), where the time stamping is ignomed @nly the natural timeyx = k/N, as a normalized
order of occurrence of theth event, and the energ¥ are preserved. In natural time analysis the
evolution of the pairy, Qk) is considered, by introducing the normalized posgectrumil(w) =
|®(w)f, defined byd(w) = Zi-1" px explwk), wherew stands for the angular natural frequency and
P = Qc/ Zi-1" Q is the normalized energy of theh event. It was found that all the moments of the
distribution of thep, can be estimated from the Taylor expanditim) = 1 —«1 w” + ko 0 +...,
where the values of the coefficient which is just the variance of natural tipnd.e., k1 = S=1" P

1 = Gt P)? = < 2 > — <y >, are useful in identifying the approach of a dyiwahsystem to

a critical state. The varianeg varies when a new AE event (“hit”) occurs, as [fx) are rescaled as
natural timey changes fronk/N to k/(N +1) andpx changes t@) / Ti-1" " *Q;. Thus, the evolution
hit by hit of x; is shown along with that of the entro@y which in the natural time domain is
defined asS= <y Iny > — <y >In <y >, where < Iny > = 21" pe N .

It has been successfully shown for a variety ofasgital systems that entering the critical state
occurs when the varianog converges to 0.07 (Varotsos et al., 2001; Varotsoal., 2011a;
Varotsos et al.,, 2011b), even if a theoretical \dgion of the general validity of the, = 0.07
condition for criticality still remains an open uss Two criteria have been defined to identify the
entrance of a system to true critical state (Va®&t al., 2008): 1) the parametemust approach
the value 0.07 “by descending from above”; 2) theapy S must be lower than the entropy of
uniform noise §, = 0.0966, wher; coincides to 0.07.

Here, the damage evolution of a structural elemsemtvestigated by analyzing the AE time series
using two different methods and comparing the tesWirst, the evolution of varianog and
entropy S of the natural-time transformed time serieg{} is studied, where the energ
associated with the AE event amplitude is given by Q. = Al® similarly to seismology
(Kanamori and Anderson, 1975; Turcotte, 1997). Beeond method used is the analysis of
evolving AE signal frequencies over the monitorimge (Gregori et al., 2004; Gregori et al., 2005;
Schiavi et al., 2011).

First, the evolution of natural time variange and entropyS as functions of the accumulated
numberN of hits, i.e., as they change with the additiomwéry new hit, is plotted in Fig. 5. Thus, it
is possible to easily reveal the possible entrgomiat to “critical state”, corresponding to the
fulfillment of criticality conditions 1) and 2) (\ilanatos et al., 2013; Hloupis et al., 2015; Hlmsup
et al., 2016). It is worth noting that the crititglinitiation point (marked with a vertical ling the

N = 104 hit number in Fig. 5) corresponds exactlyhi abrupt jump in the AE rate highlighted in
Fig. 4 and amounting to about 100 hits. This reshthugh obtained from a relativetynall data
sample, apparently confirms the potential of the Wdfural time analysis to reveal the onset of
criticality in fracture systems.

Second, the AE signal frequency analysis has beaelated with the nearby seismicity within a
radius of 100 km from the monitoring site (see Bigvith the earthquake time series marked by red
triangles). In particular, it has been found th& #ctivity vanishes at the end of a seismic secgienc
culminating in a 3.0-magnitude earthquake (poirtgdhe black arrow), suggesting that part of the
detected AE activity might be rather due to difiseicroseismic activity falling in the preparation
zone of the considered earthquake (strain radigpicentral distance from the monitoring site)
according to the criterion proposed by Dobrovolekwl. (1979) (see Table 1 and Fig. 6).
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Figure 5: Evolution of natural time quantities x; (blue line) and S (red line) as function of
accumulated AE hit number N. The horizontal dashed line indicates the valuex; = 0 0.07,
while the vertical line indicates the correspondingcriticality initiation hit ( N = 104). The
upper dash-dot line indicates the entropy limitS, = 0.0966.

Time Origin  Time Lat Long Depth Dist. Magnitude  Radius
(UTC) Delta(h) (deg) (deg) (km) (km) (km)
2015-12-10 -22.46 44561 7.161 11.2 46.8 1.9 26.5
16:31:56.990

2015-12-15 102.73 45.087 7.163 7.9 53.6 1.3 145
11:21:44.070

2015-12-18 158.6 44549 6.775 5.6 75.3 1.2 13.2
05:36:07.740

2015-12-22 259.68 44.93 6.874 10.4 65.7 1.3 145
07:10:41.190

2015-12-23 286.75 44651 6.84 6.8 67.3 2.2 35.7
13:45:30.560

2015-12-28 394.18 44.45 7.289 11.8 46.8 1.9 26.5
01:11:29.380

2015-12-31 484.26 44548 6.756 9.1 76.8 2.4 43.6
19:16:48.900

2015-12-31 485.7 44.765 6.76 9.4 71 3.0 79.2
20:42:01.000

2016-01-07 638.68 45.07 6.57 10 93.2 1.3 14.5
05:41:23.000

Table 1. List of nearby earthquakes occurred duringthe AE monitoring; the event with
preparation zone embedding the monitoring site is vitten in bold.
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Figure 6: Map showing the epicenter of the magnitud 3 earthquake occurred on 2015-12-31
and the related preparation zone embedding the motaring site in Racconigi.

As cracking is a multi-scale phenomenon in the lEartrust, the frequencies of AE waves related
to micro-seismic activity are spread over a brgaecsum. At the earlier stages of the preparation
of a seismic event, mainly micro-cracks will begaet and active and therefore high-frequency AE
(MHz), while finally large cracks and lower frequaes will prevail, reaching also the audible field
(Hz) during the earthquake occurrence (Gregori.eR@04; Gregori et al., 2005; Carpinteri, 2015).
Hence, we have subjected the distribution of thesfgaal frequencies (calculated by dividing the
counts number to the signal duration) to a stafibtanalysis, by partitioning the time window
preceding the considered seismic event into thubergervals in order to describe the evolution of
the frequency distributions over the time.
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Figure 7: Histograms representing successive stdiisal distribution of the AE signal
frequencies with bins 20 kHz wide starting at 10 kid. The dashed lines represent the mean
value of each distribution: 221, 193 and 141 kHz espectively.



We have chosen the following sub-intervals: (0H)5090h, 190h); (260h, 485h) characterized by
different stages of the AE activity separated biyegiong silent periods. The first interval, (Ohk§0
contains a sudden increase in the AE rate, folloletivo intervals, (90h, 190h) and (260h-485h),
with smoother AE rates.

Comparing the plots of the corresponding distritmsi (Fig. 7), a progressive reduction of the
highest frequencies, i.e., between 400 and 800 ksimbservable as the seismic event was
approached. The reduction is given in percentagpeste30%, 22% and 16% of the total amount of
signals for each distribution. The frequency deoegr the time emerges also from the decreasing
trend of the distributions’ mean values, which 22&, 193 and 141 kHz.

4 Conclusion and prospectives

Structural monitoring based on the AE techniquevedid to point out active microcracks in an
arched structure located in the Castle of Racconigus, the 3D localization of the ongoing
damage process will result in more cost and timanga in case of future maintenance and
intervention programs. Furthermore, a preliminaryestigation of arch’s critical state indicators
was carried out using the natural time analysidiegpio the AE time series. The obtained results
apparently reveal the possibility of capturing thensition of this structural element to a critical
state through the analysis of natural time stagtparameters, such as the variancend the
entropyS.

On the other hand, the experimental evidence stpploe hypothesis that a relevant part of AE
activity emerging from the monitored element mayrskiced by evolving micro-seismicity falling
into the preparation zone of a well identifiabletkequake according to the Dobrovolsky criterion.
Indeed, the relatively small number of inner AE rees localized into the structure, compared to
the total amount of recorded AE events, is compatiith the existence of a scattered source, i.e.,
the crustal trembling.

Finally, AE structural monitoring potentially prales twofold information in seismic areas: one
concerning the structural damage and the otherernimg the microseismic activity, propagating
across the ground-building foundation interface,wbich the building foundation represents a sort
of extended underground probe (Gregori et al., 2@¥égori et al., 2005; Carpinteri et al., 2007).
In this sense, structural monitoring in seismieaarcould be usefully coupled with investigations
of the local earthquake precursors (Niccolinilet2z015; Lacidogna et al., 2015b).

Acknowledgements

The previous Director of the Polo Museale del Pietealel Real Castello e Parco di Racconigi
Arch. Giuse Scalva and the current Director ArcltcRrdo Vitale are gratefully acknowledged for
their assistance in the definition of the site dndng the phases of the monitoring.

References

Aggelis, D.G., Mpalaskas, A.C., Matikas, T.E.: Istigation of different fracture modes in cement-

based materials by acoustic emission, Cement andr€® Research, 48, 1-8, 2013.

Aki, K.: A probabilistic synthesis of precursory ggiomena. In: Earthquake Prediction, D.W.

Simpson and P.G. Richards, American GeophysicabtJri66-574, 1981.

Bak, P. and Tang, C.: Earthquakes as a self-orgdrgatical phenomenon, J. Geophys. Res., 94,
15635-15637, 1989.

Bak, P., Christensen, K., Danon, L. and Scanlon,Uhified scaling law for earthquakes, Phys.

Rev. Lett., 88, 178501/1-4, 2002.



Bonnet, E., Bour, O., Odling, N.E., Davy, P., Mai®., Cowie, P. and Berkowitz, B.: Scaling of
fracture systems in geological media, Reviews ajfbgsics, 39, 347-383, 2001.

Carpinteri, A., Lacidogna, G. and Niccolini G.: Amdic emission monitoring of medieval towers
considered as sensitive earthquake receptors, dlafazards and Earth System Sciences, 7, 1-11,
2007.

Carpinteri, A., Lacidogna, G. and Niccolini, G.: Mage analysis of reinforced concrete buildings
by the acoustic emission technique, Structural @band Health Monitoring, 18, 660-673, 2011.
Carpinteri, A.: TeraHertz Phonons and PiezonuclReactions from Nano-scale Mechanical
Instabilities. In: Acoustic, Electromagnetic, NearirEmissions from Fracture and Earthquakes, A.
Carpinteri, G. Lacidogna, A. Manuello editors, 8ger International Publishing Switzerland, 1-10,
2015.

Corral, A: Statistical Features of Earthquake Terap®ccurrence. In: Modeling Critical and
Catastrophic Phenomena in Geoscience, P Bhattacledrgl, Springer Lecture Notes in Physics,
705, Berlin, 191-221, 2006.

Colombo, S., Main, I.G. and Forde, M.C.: Assesslamage of reinforced concrete beam using “b-
value” analysis of acoustic emission signals, Jaluof Materials in Civil Engineering ASCE, 15,
280-286, 2003.

Davidsen, J., Stanchits, S. and Dresen, G.: Scalityuniversality in rock fracture, Phys. Reuv.
Lett., 98 125502/1-4, 2007.

Dobrovolsky, I.P., Zubkov, S.I. and Miachkin, V.IEstimation of the size of earthquake
preparation zones, Pure and applied geophysics(5)11025-1044, 1979.

Gregori, G.P. and Paparo, G.: Acoustic Emission)(A& diagnostic tool for environmental
sciences and for non destructive tests (with anfiateapplication to gravitational a antennas) in:
Meteorological and geophysical fluid dynamics, Weh®eder editor, Science Edition, Bremen,
166-204, 2004.

Gregori, G.P., Paparo, G., Poscolieri, M. and ZaAin Acoustic emission and released seismic
Energy, Natural Hazards and Earth System Scieb¢&5,7-782, 2005.

Grosse, C. U., Reinhardt, H. W. and Dahm, T.: Liaesibn and classification of fracture types in
concrete with quantitative acoustic emission messent techniques, NDT Int., 30, 223-230, 1997.
Guarino, A., Garcimartin, A. and Ciliberto, S.: Axperimental test of the critical behaviour of
fracture precursors, Eur. Phys. J. B, 6, 13-248199

Hloupis, G., Stavrakas, |., Pasiou, E.D., Triarisand Kourkoulis, S.K.: Natural time analysis of
acoustic emissions in Double Edge Notched TensiDBENT) marble specimens, Procedia
Engineering, 109, 248-256, 2015.

Hloupis, G., Stavrakas, I., Vallianatos, F. andaiftis, D.: A preliminary study for prefailure
indicators in acoustic emissions using wavelets r@atdral time analysis, Proc. Inst. Mech. Eng.,
Part L: J. Materials: Design and Applications, 2380-788, 2016.

Kanamori, H. and Anderson, D.L.: Theoretical bagisome empirical relationships in seismology,
Bulletin of the Seismological Society of Americ&, @073-1095, 1975.

Kun, F., Carmona, H.A., Andrade, J. S. Jr., J. & &errmann, H. J.: Universality behind
Basquin’s Law of Fatigue, Phys. Rev. Lett., 10043®1/1-4, 2008.

Lacidogna, G., Carpinteri, A., Manuello, A., Duri@,, Schiavi, A., Niccolini, G. and Agosto, A.:
Acoustic and electromagnetic emissions as precyis@nomena in failure processes, Strain 47 (2),
144-152, 2011.

Lacidogna, G., Manuello, A., Niccolini, G. and Ciateri, A.: Acoustic emission monitoring of
Italian historical buildings and the case studytltd Athena Temple in Syracuse, Architectural
Science Review, 58 (4), 290-299, 2015a.

Lacidogna, G., O. Borla, O., Niccolini, G. And Canteri, A.: Correlation Between Acoustic and
Other Forms of Energy Emissions from Fracture Phemma. In: Acoustic, Electromagnetic,
Neutron Emissions from Fracture and EarthquakesCarpinteri, G. Lacidogna, A. Manuello
editors, Springer International Publishing Switaed, 11-22, 2015b.



Mogi, K.: Study of elastic shocks caused by thetfree of heterogeneous materials and its relation
to earthquake phenomena, Bulletin of Earthquake&eh Institute, 40, 125-173, 1962.

Niccolini, G., Carpinteri, A., Lacidogna, G. and Meello, A.: Acoustic emission monitoring of the
Syracuse Athena Temple: Scale invariance in thengiraf ruptures, Physical Review Letters, 106,
108503/1-4, 2011.

Niccolini, G., Borla, O., Accornero, F., Lacidogna, and Carpinteri, A.: Scaling in damage by
electrical resistance measurements: an applicabidhe terracotta statues of the Sacred Mountain
of Varallo Renaissance Complex (ltaly), Rendicohiincei Scienze Fisiche e Naturali, doi:
10.1007/s12210-014-0353-6, 2014.

Niccolini, G., Borla, O., Lacidogna, G. and CarpmtA.: Correlated Fracture Precursors in Rocks
and Cement-Based Materials Under Stress. In: Amustectromagnetic, Neutron Emissions from
Fracture and Earthquakes, A. Carpinteri, G. Laamdod\. Manuello editors, Springer International
Publishing Switzerland, 238-248, 2015.

Ohtsu, M., Okamoto, T., and Yuyama, S.: Momentdeasalysis of acoustic emission for cracking
mechanisms in concrete, ACI Structural Journal,2)587-95, 1998.

Omori, F.: On aftershocks, Rep. Imp. EarthquakestvComm., 2, 103-109, 1894.

Richter, C.F.: Elementary Seismology, W.H. Freeraad Company, San Francisco and London,
1958.

Schiavi, A., Niccolini, G., Tarizzo, P., CarpinteA., Lacidogna, G. and Manuello A.: Acoustic
emissions at high and low frequencies during cosgioa tests of brittle materials, Strain 47 (2),
105-110, 2011.

Shah, S.P. and Li, Z.: Localization of microcragkim concrete under uniaxial tension, ACI
Materials Journal, 91, 372-381, 1994.

Shiotani, T., Fujii, K., Aoki, T. and Amou, K.: Ekmtion of progressive failure using AE sources
and improved b-value on slope model tests, Progusic Emission VII, 529-534, 1994.

Stanley, H.E.: Scaling, renormalization and unigbtg three pillars of modern critical phenomena,
Reviews of Modern Physics, 71, 358-366, 1999.

Tosi, P., De Rubeis, V., Loreto, V. and PietronéroSpace-time combined correlation integral and
earthquake interactions, Annals of Geophysics1849-1854, 2004.

Turcotte, D.L.: Fractal and Chaos in Geology andofibgsics, Cambridge University Press,
Cambridge, 1997.

Turcotte, D.L., Newman, W. I., and R. Shcherbak®y, Micro and macroscopic models of rock
fracture, Geophys. J. Int., 152, 718-728, 2003.

Vallianatos, F., Michas G., Benson, P. and Sammoids Natural time analysis of critical
phenomena: the case of acoustic emissions in aflgpxdeformed Etna basalt, Phys. A, 392, 5172-
5178, 2013.

Varotsos, P.A., Sarlis, N.V. and Skordas, E.S.:tiSgamporal complexity aspects on the
interrelation between seismic electric signals aetmicity, Pract. Athens Acad., 76, 294-321,
2001.

Varotsos, P.A., Sarlis, N.V., Skordas, E.S. andakid@pu, M.S.: Fluctuations, under time reversal,
of the natural time and the entropy distinguishilsimooking electric signals of different dynamics
J. Appl. Phys., 103, 014906, 2008.

Varotsos, P.A., Sarlis, N.V. and Skordas, E.S.uNatTime Analysis: The New View of Time. In:
Precursory Seismic Electric Signals; Earthquakes @ther Complex Time-Series, Springer-
Verlag, Berlin, Heidelberg, 2011a.

Varotsos, P.A., Sarlis, N.V., Skordas, E.S., Uye&laand Kamogawa, M.: Natural time analysis of
critical phenomena, Proc. Nat. Acad. Sci. USA, 10861-11364, 2011b.

Varotsos, P.A., Sarlis, N.V., Skordas, E.S. andakiabpu, M.S.: Seismic Electric Signals: An
additional fact showing their physical interconm@ctwith seismicity, Tectonophysics, 589, 116—
125, 2013.



