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Abstract: This paper presents a set of Ground Penetrating Radar (GPR) data obtained from in situ
measurements conducted in four ornamental stone quarries located in Italy (Botticino quarry) and
Romania (Ruschita, Carpinis, and Pietroasa quarries). The GPR is a Non-Destructive Testing (NDT)
technique that enables the detection and localization of fractures without damage to the surface,
among other capabilities. In this study, two instruments of ground-coupled GPR were used to detect
and locate the fractures, discontinuities, or weakened zones. The GPR data contains radargrams for
discontinuities and fracture detection, besides the geographic location of the measures. For each
measurement site, a set of radargrams has been acquired in two orthogonal directions, allowing for a
3D reconstruction of the investigated site.

Dataset: DOI:10.17632/w26n6nftxs.3 (https:/ /data.mendeley.com/datasets/w26n6nftxs/3)
Dataset License: CC BY-NC-ND

Keywords: fracture detection; ground penetrating radar (GPR); non-destructive testing (NDT);
quarries; ornamental stones

1. Summary

Upon the ERAMINS call, the project Artificial Intelligence Characterization Ornamen-
tal Stones Quarry Optimization (AI-COSTSQO) started in April 2022. The AI-COSTSQO
project is focused on, among others, the detection and characterization of discontinuities
and fractures of the rock mass, affecting ornamental stone production and, consequently, the
generation of waste. Previous work in the scientific literature related to fracture detection
based on Ground Penetrating Radar (GPR) measurement can be found in [1-11]. The frac-
ture characterization allowed the development and use of optimization algorithms that can
reduce the generation of waste for environmental protection, increase economic revenue,
and increase the recovery ratio of the quarries. Among them, it is worth mentioning [12-17].
Previous work on GPR data can be found, among others, in [18-27].

This paper presents two GPR datasets. The first data set is related to an in-field
investigation in Italy in a marble quarry. The second data set is related to marble quarries
in Romania.

2. Site Description
2.1. Botticino Quarry (Italy)

The site of investigation is located in Botticino (Italy). The position of the Botticino
Quarry in Google Earth Pro is 45°33/5.48"” N, 10°19'5.16” E. The quarry (Figure 1) extracts
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Botticino Classico marble. The Botticino Classico marble is exploited from the top layer
of Corna’s geologic formation, which is derived from carbonate mud sedimentation and
rocks emerging from the marble basin.

Figure 1. Top view of the quarry located in Botticino (Google Earth Pro).

Their carbonate nature results from the diagenesis of marine deposits such as mud
and organic and inorganic elements. Botticino Classico is the last remaining proof of the
existence of a carbonate platform in Brescia. It is either found in solid form or in meters-long
beds separated by clay joints.

Its lithology is mainly cementation of compact, lightly colored limestone, which varies
in tone from white through to ivory with hints of chestnut. The rock has thin chestnut-
colored stylolite, almost parallel to the sedimentation level.

Botticino Classico marble is an extremely compact carbonate rock; it has low water
absorption and porosity levels and excellent mechanical qualities such as shock and wear
resistance, even after undergoing a freezing—unfreezing cycle test. Strong, elegant, stunning
in color, and easy to work, Botticino Classico is universally recognized as an excellent
marble suitable for a wide variety of applications and internal and external use.

2.2. Ruschita Quarry (Romania)

Ruschita Quarry (Figure 2) is located in the northern part of Caras-Severin County,
in Ruschita Village. The position of the Cava Ruschita Quarry in Google Earth Pro is
45°38'46.03" N, 22°24'24.83" E.

Figure 2. Top view of the Ruschita quarry (Google Earth Pro).
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Ruschita marble is a metamorphic stone with high crystallinity and medium crystal
size (up to 0.2-0.5 mm), with a compact structure and characteristic grain. Its basic color
ranges from white and gray to pink, with many intermediate shades generally given by
gray in the veins and less by impurities from the internal structure.

The stone shows irregular breakage, sometimes subsequent to very narrow internal
discontinuities, invisible to macroscopic analysis. This material has superior physical and
mechanical properties in terms of wear resistance and surface gloss. Mining methods
consist of quarrying in horizontal benches (downwards) using diamond wire cutters,
sewing machines (disks), and drilling and blasting technology.

2.3. Carpinis Quarry

Travertines are mined in the Carpinis Quarries and are the only resources of this type
in Romania. Travertine is available in two shades: light brown and dark brown. It is
exploited in an open quarry on the hills to the right of the Mures Valley, near Simeria Town,
Carpinis Village, Hunedoara County.

The Carpinis quarry, owned by Marmosim SA, is situated in the Banpotoc-Carpinis
travertine deposit within the southern chain of the Apuseni mountains, between the two
places of the same name in the county of Hunedoara, about 4 km north of the town of
Simeria and 1 km north of the Mures river. The position of the Carpinis Quarry (Figure 3)
in Google Earth Pro is 45°53'20.75" N, 23°1'48.37" E.

Figure 3. Top view of the Carpinis quarry (Google Earth Pro).

The Carpinis travertine is found in the basement of the deposit, with intermediate
thicknesses of 015 m. It is vesicular, sometimes breccia, friable, with greyish—yellowish and
greyish-brownish spots, with clayey impurities and precipitations of SiO,. The Carpinis
travertine gradually passes upwards into solid travertine, which is the best cultivable part.
Massive travertine has a thickness of 2-40 m, small vacuoles, and a whitish-yellowish color.

The top of the sequence includes travertine slabs and clay deposits, representing the
deposit cover with thicknesses of 1-15 m. The structure is microcrystalline, amorphous,
or crustiform; the texture varies from vesicular to slightly vesicular to compact. There is
usually a uniform distribution of vesicles in planes.

Under the microscope, different varieties of travertine have been distinguished: allochem-
ical with aspartic cement, microsparitic and microsparitic with aragonitic cement, alochemical
with micritic-sparitic cement, micritic-sparitic with bioclasts, and arenitic cement.

The deposit is affected by gravitational cracks, which can be open or poorly cemented
by calcite or clay. The cracks are unevenly distributed but typically more than 2 m apart,
affecting the size of the exploitation blocks to a lesser extent.



Data 2024, 9, 42

40f 10

2.4. Pietroasa Quarry

The quarry is located in the hilly neighborhood of Deva Municipality, Hunedoara
County, at an average altitude of +350 m. The position of the quarry (Figure 4) in Google
Earth Pro is 45°51'37.17"” N, 22°53/18.46" E. The stone produced by the quarry is the
Pietroasa Andesite, which is a volcanic stone with a compact structure. It is very homo-
geneous, with a grey color and a uniform distribution of crystals, making it particularly
suitable for outdoor applications.

Figure 4. Top view of the Pietroasa quarry (Google Earth Pro).

Pietroasa—Deva andesite is a variety of effusive magmatic rocks, named the andesite
with hornblende from Pietroasa, which has a variegated appearance due to the mineralogi-
cal components. This stone exhibits excellent mechanical resistance and superior durability
against atmospheric factors.

3. Data Description

The data presented in this work refer to an in situ investigation in quarries located in
Italy and Romania using GPR instruments.

3.1. GPR Data: Italy
Instrument Description

The instrument employed in the Italian quarry was the Multifreqency Georadar Opera
Duo, equipped with a single antenna but able to perform multi-frequency acquisition
during a scan pass, with a frequency of 200 and 600 MHz, from IDS Georadar. This
particular kind of GPR does not need calibration. The manufacturing date was 2021.

3.2. GPR Data: Romania
Instrument Description

The instrument used in the Romanian quarry was the Akula 9000C. It uses electro-
magnetic radiation in the microwave band (UHF/VHF frequencies; the range 10 MHz to
2.6 GHz) of the radio spectrum and detects the reflected signals from subsurface structures
that can have applications in a variety of media, including rock, soil, and pavements. These
signals are then digitally processed to create an image of the subsurface that can be used to
identify discontinuities and other rock features using PRISM 2 software (version 2.70).

4. Data Acquisition
4.1. Italy’s GPR Measure

The GPR measurement has been performed in three different locations near the work-
ing area (see Figure 5), and they are named grid 1, grid 2, and grid 3.
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Figure 5. Botticino quarry. (a) Picture of grid 1; (b) Picture of grid 2; (c) Picture of grid 3. The fractures
in the rock mass are clearly visible.

4.2. Grids Description

The grids have been created with a local coordinate system and geometry correspond-
ing to a longitudinal and traversal pitch equal to 50 cm. They were defined on the basis of
the roughness of the surface and the applicability of instrumental uses. Figure 6 shows a
short description of the grids and naming convention for the scanlines.

(a) (b) ()
Figure 6. Schematic of the grids measure for the Marble quarry of Italy. (a) grid 1; (b) grid 2; (c) grid 3.

In order to scan the whole area of each location (grid 1, grid 2, and grid 3) and detect
fractures or discontinuities, GPR scanlines were taken along the x-axis and parallel to the
y-axis of local reference coordinate systems. Table 1 summarizes the information of the
grids within the study area.

Table 1. GPR datasets collected within the study area.

Site Number of Scan Lines Scan Section (m X m)
Grid 1 8 x 14 35 x 6.5
Grid 2 10x7 45 x 3.5

Grid 3 7 x 10 35x55
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4.3. Romania GPR Measure
4.3.1. Ruschita Quarry

In the Ruschita quarry, two areas have been selected for the survey, and Figure 7
displays the schematic representation of the radargram acquisition map.

10

%.6473

(b) (c)

Figure 7. (a) Ruschita quarry; (b) Schematic map of the Ruschita quarry GPR survey. (c¢) Schematic

profiles longitudinally and transversally of the Ruschita quarry GPR survey.

4.3.2. Carpinis Quarry

In the Carpinis quarry, due to the topography of the site, a narrow site area has been
selected for the GPR Survey. Figure 8 shows the positions of the radargrams.
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(a) (b)
Figure 8. (a) Carpinis quarry; (b) Schematic map of the Carpinis quarry GPR survey.

4.3.3. Pietroasa Quarry

In the Pietroasa quarry, the surveyed area is shown in Figure 9.

Figure 9. (a) In situ survey at Pietroasa quarry; (b) the Akulla 9000C unit; (c¢) Schematic map of the
Pietroasa-1 down quarry GPR survey; (d) Schematic map of the Pietroasa 2 up quarry GPR survey.

5. Data Examples
5.1. Italy’s GPR Data Example
The GPR survey in the three Italy locations allowed the radargram acquisition of

each scanline. Figure 10 shows an example of a longitudinal radargram from grid 1 ata
frequency of 200 MHz. Figure 10a is a radargram as acquired by the instrument without
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digital filtering. Figure 10b presents the same radargram after filtering and noise removal.
In this case, the propagation enables the analysis of the block up to a depth of approximately
430 cm.

@) (b)

Figure 10. (a) Example of a raw radargram from grid 1; (b) Radargram after filtering and noise
removal (filter applied: Band Pass in the time domain, 200-900 MHz, Soil Sample, Back Ground
removal, signal gain of equalizer, with 1 m step application).

5.2. Romania’s GPR Data Example

The GPR survey in the Romanian quarries allowed the radargram acquisition of each
scanline.

Data examples of radargrams of only one profile from each quarry are presented for
each quarry. In Figure 11 the radargram for Ruschita quarry, Figure 12 the radargram for
Carpinis quarry, and Figure 13 the radargram for Pietroasa quarry. All the presented figures
has been obtained from processing the GPR radargrams with the PRISM2 program.
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Figure 11. Radargram from Ruschita quarry.
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Figure 12. Radargram from Carpinis quarry.
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Figure 13. Radargram from Pietroasa quarry.

6. User Notes

This article introduces a novel dataset comprising GPR measurements conducted in
marble quarries. These described datasets aim to provide researchers with opportunities for
further exploration of GPR data for fracture detection. Additionally, they serve as valuable
resources for educational purposes, implementing new algorithms, and establishing a
reference for GPR measurements in ornamental stone quarries.
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