
Accepted Manuscript

Dielectric permittivity diagnostics as a tool for Cultural Heritage preservation:
Application on degradable globigerina limestone

Andrea Cataldo, Egidio De Benedetto, Giuseppe Cannazza, Sebastiano
D’Amico, Lourdes Farrugia, Geraldine Mifsud, Evan Dimech, Charles V.
Sammut, Raffaele Persico, Giovanni Leucci, Lara De Giorgi

PII: S0263-2241(18)30271-9
DOI: https://doi.org/10.1016/j.measurement.2018.03.078
Reference: MEASUR 5397

To appear in: Measurement

Revised Date: 29 March 2018
Accepted Date: 30 March 2018

Please cite this article as: A. Cataldo, E.D. Benedetto, G. Cannazza, S. D’Amico, L. Farrugia, G. Mifsud, E. Dimech,
C.V. Sammut, R. Persico, G. Leucci, L.D. Giorgi, Dielectric permittivity diagnostics as a tool for Cultural Heritage
preservation: Application on degradable globigerina limestone, Measurement (2018), doi: https://doi.org/10.1016/
j.measurement.2018.03.078

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.measurement.2018.03.078
https://doi.org/10.1016/j.measurement.2018.03.078
https://doi.org/10.1016/j.measurement.2018.03.078


  

Measurement (2018)

Contents lists available at ScienceDirect

Measurement

journal homepage: www.elsevier.com/locate/measurement

Dielectric permittivity diagnostics as a tool for Cultural Heritage preservation: Application
on degradable globigerina limestone

Andrea Cataldoa, Egidio De Benedettoa,∗, Giuseppe Cannazzaa, Sebastiano D’Amicob, Lourdes Farrugiab, Geraldine Mifsudb,
Evan Dimechb, Charles V. Sammutb, Raffaele Persicoc,d, Giovanni Leuccic, Lara De Giorgic

aUniversity of Salento-Department of Engineering for Innovation, Complesso Ecotekne - Corpo O, 73100 Lecce, Italy
bUniversity of Malta - Department of Geosciences, Msida, Malta
cNational Research Council-Institute for Archaeological and Monumental Heritage (CNR-IBAM) Prov.le Lecce-Monteroni, 73100 Lecce, Italy
dInternational Telematic University Uninettuno UTIU, Corso Vittorio Emanuele 39, 00186 Roma, Italy

A R T I C L E I N F O

Article history:
Received X Month 2018

Keywords:
Cultural Heritage
dielectric permittivity
moisture content measurements
globigerina
time domain reflectometry

A B S T R A C T

Most monuments and historical buildings in the Maltese Islands are made of the local
Globigerina Limestone (GL). This type of stone, however, is very delicate and prone
to degradation caused by the environmental conditions of the islands. Hence, for the
preservation of the Cultural Heritage monuments, it is necessary to promptly assess the
health status of these structures and, in particular, their water content (which represents
one of the major causes of degradation).
Starting from these considerations, in this work, a time domain reflectometry (TDR)-
based method for estimating water content of GL is presented. More specifically, the
proposed method relies on estimating the water content value of the GL structure from
TDR-based dielectric permittivity measurements. To verify the suitability of this sys-
tem, experimental tests were carried out on a GL sample. In addition to this, also
the dielectric characterization of GL was carried out. The results anticipate the strong
potential of the proposed method for practical applications in the Cultural Heritage di-
agnostics.

c© 2018 Elsevier B. V. All rights reserved.

1. Introduction1

The Maltese Islands are mostly composed of sedimentary rocks, such as the Coralline Limestone and Globigerina Limestone2

(GL), which have been used since prehistoric times for the construction of buildings and monuments [1]. Unfortunately, stones3

used in sculpture and architecture, as well as rocks in their original location, are exposed to environmental weathering. This results4

in modifications of the microstructure of the stones (such as open porosity, chemical-mineralogical composition of the phases, etc.),5

which, in turn, lead to changes of the mechanical properties [2].6

This is particularly true for GL, which is highly porous and is typically used both in modern and historical architecture. Due to7

Malta’s marine environment, salt crystallization in the stone’s pore spaces (especially through alveolar weathering) is one of the8

major causes of damage in many buildings made of GL [3]. In addition to this, also rain and the presence of moisture is another9

major deterioration cause.10

As a result, the study of water absorption characteristics of GL (which are fundamental when durability is being considered) has11

attracted much research interest [4].12
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