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EDITORIAL

Structural Health Monitoring of Architectural Heritage: From the past to the 
Future Advances

Masonry has been probably one of the first structural 
materials used by humankind since the first centuries of 
civilization in a variety of applications that spans from 
housing to infrastructures. The reason is the simplicity 
of execution: the art of laying stones or bricks on top of 
each other, either with or without mortar, is intuitive, 
transmitted generation by generation through rules of 
thumb, still nowadays demonstrating its efficiency and 
beauty. Despite building in masonry seems simple, there 
are many issues that deserve to be deeply understood 
quantitatively and the specialized scientific community 
is still facing difficult challenges, especially in the con-
servation of the built heritage. Conservation and reha-
bilitation are indeed crucial and account for about 1/3 of 
the market in developed countries, reaching over 50% in 
some cases. The architectural heritage is a pillar of 
societal identity and among the most strategic world’s 
economic assets, making its preservation a commitment 
towards future generations. Public pressure requires its 
conservation in good conditions limiting the interven-
tions to the strict necessary, but such heritage is accu-
mulating damage due to many reasons, such as 
deterioration of materials, repeated loading and excep-
tional events. Masonry structures constitute the vast 
majority of the heritage buildings worldwide. Such 
structures usually exhibit a complex geometry, being 
the result of stratified interventions cumulated in the 
centuries; in addition, the constituting materials tend 
to show significant variations in properties and internal 
structure. The deterioration of historical masonry struc-
tures mainly relates to the formations of cracks, founda-
tion settlements, material degradation and 
deformations. When cracks occur, they are generally 
localized, splitting the structures into macro-blocks, 
a behavior which must be carefully considered in con-
servation, repair and strengthening.

The damage assessment of historical masonry build-
ings is one of the most difficult tasks to be investigated in 
structural mechanics, since this kind of structures are 
commonly heterogeneous, with complex geometries, 
irregularities and absence of a box behavior due to the 
poorly designed connections between the different 
structural parts, in particular walls and floors. In parti-
cular, the dynamical behavior is crucial for a reliable 

seismic vulnerability assessment, which is becoming of 
fundamental importance after the recent catastrophic 
earthquakes occurred in different parts of the world.

This is particularly true for Italy, a high seismicity 
country with the highest number of UNESCO sites and 
where again UNESCO esteems that more than 5% of the 
total architectural heritage is located.

In this context, Structural Health Monitoring is cru-
cial for a prediction of the structural behavior and the 
state of conservation of buildings having historical and 
artistical inestimable importance.

SHM is the automated process linking data stemming 
from sensor networks to engineering decision. This is 
typically achieved through output only dynamic identi-
fication and fusion with static response data, as well as 
with records of environmental parameters. As it is now 
widely acknowledged, SHM is of pivotal importance for 
preventive conservation and effective restoration of his-
toric structures in a multi hazard and limited budget 
context. One main feature making SHM so attractive in 
such a context is related to its ability to provide an 
effective structural performance assessment and track-
ing, with a minimal architectural invasiveness and with-
out interfering with the normal operating conditions of 
the monumental buildings. Current trends in applica-
tion of SHM in heritage buildings include the use of 
unsupervised learning methods, mostly applied in com-
bination with vibration-based operational modal analy-
sis techniques, complemented with engineering-based 
evaluations using surrogate models to build digital 
twins suitable for online model selection and calibration. 
As a matter of fact, however, practical demonstrations of 
the effectiveness of dynamic identification and SHM in 
historic masonry structures are quite limited and a lot of 
work still needs to be done, mostly in the engineering 
decision process. This is true for virtually any kind of 
civil engineering structure, but it is even exacerbated in 
the case of masonry heritage structures due to their 
complex geometries, the non-linear dependence of stiff-
ness properties on environmental conditions, the 
mechanical complexity and heterogeneous nature of 
the constituent materials and more. For these reasons 
and for the co-existence of a variety of potential local 
and global failure mechanisms, the actual effectiveness 
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of dynamic identification and SHM to aid engineering 
decision in historic structures is not fully accepted nor 
completely understood.

This special issue is intended to shed some light on 
this matter evidencing the current efforts and anticipat-
ing some of the main future trends in the scientific 
literature for addressing the highlighted challenges.

In general, the SI covers – among the others – very 
relevant aspects such as (i) the use of long-term dynamic 
monitoring to detect anomalous structural behaviors in 
masonry towers (perhaps one of the main classes of 
heritage buildings where the dynamic identification 
and vibration-based SHM find their best potential), (ii) 
damage identification applications for adobe structures, 
(iii) fundamental signal processing aspects related to 
monitoring of groundborne vibrations and to the use 
of time and frequency domain signal processing tools, 
(iv) wireless sensor networks in SHM of monumental 
buildings, (v) calibrations of complex numerical models 
from ambient vibration data, as well as real-time model 
updating through surrogate models for structural assess-
ment and real-time anomaly detection, (vi) OMA for the 
seismic assessment of masonry towers, and (vii) vibra-
tion monitoring as a means for better understanding the 
full-scale response of real complex structures subjected 
to earthquakes.

The SI collects 12 contributions of high scientific 
quality. In particular, the first paper by Azzara et al. 
(2021) presents the results of a continuous monitoring 
performed on “Torre delle Ore” located in the historic 
center of Lucca (Italy). While the measured vibration 
level was generally very low, the availability of two 
different types of highly sensitive and accurate instru-
ments allowed the research group to follow the dynamic 
behavior of the tower during the entire monitoring 
period, providing moreover the cross-validation of the 
results.

In Barsocchi et al. (2021) a monitoring system made 
of micro-electro-mechanical sensors connected through 
a wireless network is presented and discussed. In parti-
cular, the architecture of the wireless sensor network 
and the automatized procedure proposed for the con-
tinuous processing of the recorded signals are discussed 
and described with reference to an explicative masonry 
tower case study.

The results obtained by the shake table testing of 
scaled models of two historical masonry structures, 
namely the Old Bridge in Mostar and the ancient 
Protiron structure in Split, are presented in the paper 
of Krstevska, Nikolić, and Kustura (2021). The mea-
sured accelerations, relative and absolute displacements, 
and strains, as well as the damage identification during 
the shaking table tests, provided essential information 

about their seismic stability, failure mechanism, and 
weak points.

In the paper by Bongiovanni et al. (2021) the experi-
mental data obtained from a recent ambient vibration 
test of the Marcus Aurelius Column are analyzed in both 
time and frequency domain and compared with those 
obtained in previous experimental campaigns. The 
paper testifies the importance of a multidisciplinary 
approach to analyze and preserve archaeological 
monuments.

In Rossi et al. (2021), an innovative procedure based 
on the use of nanoindentation tests is proposed and 
validated through an experimental campaign. The 
main benefits consist in the possibility of quantitatively 
estimating the current characteristics of elastomeric 
bearings, in conjunction with low implementation 
costs and influence on the isolating devices. The experi-
mental tests showed good agreement between the prop-
erties calculated with the proposed method and the ones 
obtained directly through a traditional shear test, mak-
ing such procedure a promising tool.

In García-Macías et al. (2021) an innovative surro-
gate-based model updating approach for real-time struc-
tural assessment of historical buildings is presented and 
validated considering the case study of the Sciri Tower 
located in the city of Perugia (Italy). Three different 
surrogate models were considered, and their effective-
ness compared from a SHM perspective through regres-
sion analysis of their estimates of the modal features 
against those obtained by a numerical model.

The paper by Formisano et al. (2021) discusses the 
seismic investigation of two masonry churches, located 
in Poggio Picenze (district of L’Aquila in Italy) and 
damaged by 2009 earthquake, by means of experimental 
Ambient Vibration Tests (AVTs) and numerical ana-
lyses. The experimental dynamic properties of the exam-
ined structures were calibrated by Dynamic linear FEM 
analyses, which were used to both detect damages into 
the constructions and program effective retrofitting 
interventions.

In the paper by Standoli et al. (2021), the seismic 
vulnerability of masonry bell-towers, conditioned by 
the degrading state and high slenderness, is pointed 
out. Four different case studies, represented by isolated 
towers in the province of Ferrara (Italy), were investi-
gated. The material properties were obtained calibrating 
the results of an experimental campaign of investigation, 
conducted with a wired accelerometric sensor system, 
where dynamic data were extracted through the applica-
tion of two Operational Modal Analysis (OMA) identi-
fication techniques.

The paper by Milani and Clementi (2021) shows an 
advanced seismic assessment of four masonry bell 
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towers, located in Northern Italy, whose elastic moduli 
were identified by a fast-micro-GA approach. After 
proper identification of the main four eigenfrequencies, 
non-linear static and dynamic analyses were performed 
on the towers adopting a refined material model for 
masonry. The non-linear results suggest similar conclu-
sions in terms of general dynamic response and seismic 
vulnerability of the examined towers.

The paper by Bal et al. (2021) shows monitoring 
results on a case study of a historical building in 
Groningen (Netherlands) in case of induced seismicity. 
Since weak soil properties dominate the structural 
response in that region, the ground water monitoring, 
as well as the interaction of soil movements with the 
structural response, were considered in the paper with 
great accuracy. The paper shows how the soil effects may 
superimpose to the earthquake effects, eventually caus-
ing small cracks and damage.

The paper presented by Karanikoloudis et al. (2021) 
discusses SHM outcomes in the Church of the Angels 
(“Igreja dos Anjos”) in Lisbon (Portugal). The church, 
which is placed over a subway station in a shallow rail-
way line, was subjected to groundborne vibrations, 
whose values were assessed in velocity terms. Several 
errors during acquisitions, such as poor coupling to 
the ground, bad choice of monitoring points and inap-
propriate instrumentation in terms of sensitivity and 
SNR, were taken into account. The paper shows that in 
presence of weak signal processing and low sampling 
frequencies, the type of integration in time or frequency 
domain and digital filtering with incorrect cut-off fre-
quency bandwidths may lead to processed signals dis-
torted in terms of shape, phase and amplitude.

Finally, in the paper by Aloisio et al. (2021) the 
dynamic response by accelerometers of the Santa 
Maria di Collemaggio basilica under both low-intensity 
earthquakes and operational conditions is evaluated. 
The stable frequencies, found through the Least- 
Squares Complex Exponential (LSCE) method, identi-
fied the structure linear modal parameters, investigating 
the correlation between their variation and the possible 
structural or material non-linearities. Ultimately, the 
dynamic amplification factors achieved from a time- 
frequency analysis provided a glance on the church 
global response, showing the occurrence of a macro- 
element response pattern.

We wish to thank first of all The Editors of 
International Journal of Architectural Heritage (Profs. 
Paulo Lourenço and Pere Roca) and the Publisher 
Taylor and Francis, for the possibility they gave us in 
publishing the present SI, all the authors for the work 
done in the preparation of high-quality papers and for 
the efforts spent in improving the original versions prior 

final publication, with the aim of fitting the high stan-
dards of the journal. All manuscripts underwent double- 
blind technical peer review, according to the strict rules 
established by the Publisher, specifically conceived to 
maintain the scientific level of the journal very high. 
A special thank goes finally to all the reviewers for the 
time they spent in the reviewing phase and for the useful 
suggestions they provided, aimed at improving the final 
version of the published papers.
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