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Application of Two Dimensional Electrical Resistivity

Tomography (ERT) For Moisture Detection in
Thessaloniki’s Rotunda Pillars and Three-Dimensional

ERT Modeling Using Optimized Electrode Arrays

Prodromos Louvaris?, Panagiotis TsourLos®, Gregory T'sokas®,

George VARGEMEZIS®, Nectaria DiamanTi®, Konstantinos PoLypororouLos®

and Georgia ZACHAROPOULOU ¢

Highlights:

o Moisture detection inside pillars using electrical resistivity tomography (ERT).

e Three-dimensional ERT modeling using non-conventional arrays.
e Jacobian matrix optimization method.

Keywords: ERT, optimized, pillar, Thessaloniki, urban.

Electrical Resistivity Tomography (ERT) is widely known
for providing valuable information for numerous archaco-
logical prospection problems in two and three dimensions.
The purpose of this work was to detect possible moisture
inside one of the main pillars of Thessaloniki’s Rotunda
(Region of Macedonia, Greece), a Unesco heritage monu-
ment using various geophysical methods, including two and
three dimensional (2D & 3D) ERTs, as well as the Ground
Penetrating Radar method (GPR).

2D ERT lines were initially performed directly on the
wall, in order to show the pillar’s current state using 23 elec-
trodes with conventional arrays such as the dipole—dipole
and multi-gradient (Fig. 1). Holes for fixing the electrodes,
approximately 6 mm wide, had to be drilled in the mortar
of the wall. The electrodes were placed along a single line
with inter-electrode spacing set to 0.6 m, encircling a large

part of the pillar to obtain the maximum possible coverage.
To minimize contact resistance, a small amount of bentonite
clay was injected into each hole. The inverted results pres-
ented here delineate internal areas of low resistivity (Fig. 2),
which are interpreted as regions of increased moisture; the
GPR sections obtained over the same line have confirmed
these findings.

Besides, synthetic ERT models simulating a 3D grid of
electrodes covering the pillar were generated prior to the on-
site installation in order to optimize the measuring and ins-
tallation scheme. The synthetic data were calculated using
conventional and non-conventional arrays involving com-
prehensive and optimized protocols, following the circled
pillar involving four lines of 12 electrodes each. The specific
setup of electrodes in the presence of extreme topographical
variation demands a stringent filtering process (Loke ez al.,
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Figure 1. Archaeological site plan
(rotunda, Thessaloniki). ERT and
GPR measurements were conducted
by the eastern and northeastern struc-
tural pillars.
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Figure 2. Inverted results of 2D ERT located by the northeastern pillar, obtained using the multi-gradient array.
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Figure 3. Cumulative Jacobian for calculated optimized 3D arrays, involving four lines with 12 electrodes each.

2014; Wilkinson ez al., 2008) to calculate the optimized
protocols. For this reason, an algorithm was developed to
compute optimum measurements using already known
techniques (Fig. 3). Some of the existing optimization
techniques require the calculation of the Jacobian and
Resolution matrices in order to compute the optimized pro-
tocol (Stummer et /., 2004; Wilkinson ez al., 2006), which
can be a time-consuming process. The method that was
preferred among others due to its rapid protocol computa-
tion depends only on the Jacobian matrix (Athanasiou ez a/.,
2009). This optimization technique does not require the
calculation of the Resolution matrix and consequently
makes it a time-saving method, giving the opportunity to
rapidly recalculate or alter the existing optimum measure-
ments. Synthetic data inversions are very promising and
helpful in deciding the measurement geometry, which
will be implemented in the field to operate in a time-lapse
monitoring framework.
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