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The phenomenon of tools' wear in a marble quarry: laboratory
tests to evaluate the performance of conditioning as a wear
preventer
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ABSTRACT: Exploitation with a chain saw cutting machine has been the ordinary industrial practice
in marble excavation for over thirty years, due to its ability to adapt to difficult environments and to
guarantee a high level of safety during the cutting phase. Nevertheless, the presence of impurities in
the calcite matrix, e.g. quartz, leads to the problem of rapid and unusual wear on cutting tools.

In this study, two laboratory tests were selected and carried out to estimate the rock's wear potential:
the CERCHAR Abrasivity test and the Soil Abrasion Test Apparatus (SATA).

The results highlight a high degree of abrasivity in dry conditions, which was satisfactorily reduced
by using water and additives. This mixture, typically used in tunnelling applications, is intended to
decrease the wear from rock excavation and a significant reduction of this phenomenon has been
noticed.

Keywords: dimension stone exploitation, tool wear, Soil Abrasion Test Apparatus, CERCHAR
Abrasivity test, wear reduction.

1. INTRODUCTION

The exploitation of Carrara marble is an ancient practice that has taken place since Roman times, and
is a significant part of the region's economy even today. Over the centuries, Carrara marble has been
used in some of the world's most iconic monuments and buildings, including the Pantheon, the Taj
Mahal, and the British Museum. Commonly, the wear phenomenon linked to the Carrara marble
exploitation process is negligible, since the commonly used technologies, such as the chainsaw and
the diamond wire are capable of easily cutting blocks of marble, mainly composed of calcite (3rd
degree of the Mohs scale). However, in recent years, the wear issue has become more topical in the
Carrara quarries, since in several areas the required productivity was not guaranteed due to the strong
abrasiveness of the marble, which can hide (and in extreme cases completely block) the chainsaw
cutting machine.

Wear is a critical issue affecting mining and quarrying, as it directly impacts efficiency and
operating costs (Ellecosta et al. 2019). Many different factors have to be considered when
investigating the wear process, such as the excavated material proprieties, the water content, the
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relative quartz content, the excavation technique, the characteristics of the cutting tools, etc. (Alber
2008, Rauch et al. 2018 and Di Giovanni et al. 2023). Between marble and tools, during the cutting
process, a mutual destruction takes place, which is wanted on the rock side but is suffered on the side
of the tool (Mancini & Cardu 2001). Therefore, to minimize these effects, the shape and composition
of the tools must be properly designed.

Currently, the literature on chainsaw exploitation in carbonate rock pertains to performance
prediction models (Copur et al. 2010, Copur et al. 2011 and Tumac et al. 2013) although the problem
of wear linked to the possible presence of quartz or other abrasive minerals has not been investigated
in depth. In the context of the intense wear phenomenon found in a specific area of Carrara quarries,
this research was developed. The wear phenomenon has been studied following two different
approaches: on one end, the standard CHERCAR Abrasivity Index (CAI) has allowed an evaluation
of the wear potential considering the marble as a rock. Alternatively, the marble has been crushed
and the Soil Abrasion Test Apparatus (SATA) allowed the material to be studied as soil. This second
approach was chosen to try to better simulate the wear caused by the rock already destroyed by the
tools of the chainsaw, along the path dictated by the saw. Furthermore, a specific test campaign was
planned with the aim of evaluating the potential reduction in terms of the extent of wear obtainable
by using a specific additive commonly adopted for tunnelling applications, hereinafter referred to as
an anti-wear agent. The results highlight the influence of the water content on wear (confirming the
results reported by Abu Bakar et al. 2016) but the important innovation presented and discussed
concerns the strong wear reduction obtained from the anti-wear agent used.

2. LABORATORY TEST

2.1 Testing material

The material to be tested comes from a marble quarry in the Apuan Alps, where the problem of wear
occurs. The exploitation extends underground, according to the room and pillar mining method.

The marble was mineralogically characterized thanks to an X-Ray Diffraction analysis, which is
based on the constructive interference of monochromatic X-Rays and the crystalline sample (Bunaciu
et al. 2015). The analysis was carried out in the laboratory of the Politecnico di Torino with an XRD-
Rigaku SmartLab SE. The marble sample was ground into a fine powder to obtain an infinite number
of randomly oriented fine crystallites. The incidence angles ranged from 4° (initial angle) to 84°
(final angle), with 0.1°/s as the scan speed. The result of the test was a chart of the angle of intensity
versus incidence, from which it was possible to identify the minerals and their abundance. The
amplitude of the peaks, correlated with the appropriate Rietveld model (Young 1993 and Gualtieri
2000), corresponds to the abundance of each relative element.

As for the CERCHAR Abrasivity test, specimens with dimensions of 125x85x4 mm were
prepared, as shown in Figure 1. As for the SATA, instead, the material was previously crushed to
ensure that the dimensions of the marble pieces were less than 30 mm. Figure 2 shows a sample of
the material used for SATA (left) and its particle size distribution (right).

Figure 1. Sample used for the CHERCAR Abrasivity test. Area 1 is characterized by a predominance of
calcite (the main part of the sample), while area 2 is rich in quartz (black boxes).
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Figure 2. Crushed material used for SATA test (left) and its particle size distribution (right).

2.2 CHERCAR Abrasivity Test

The CHERCAR Abrasivity test is one of the most important laboratory tests aimed at the assessment
of rock abrasivity (Hamzaban et al. 2018). As described in Alber et al. (2014), a steel stylus (HRC
55) scratches for a 10 mm path on the sample surface with a feed speed of 1 mm/s, loaded with 70
N. The CHERCAR abrasivity index (CAl) is evaluated by measuring the wear surface of the stylus
tip. In this work, CHERCAR tests were performed according to Alber et al. (2014) with the test
apparatus designed by West.

The samples were analyzed taking into account two different areas of the sample, i.e. the area
characterized by a clear predominance of calcite (area 1 in Figure 1) and an area characterized by a
clear predominance of quartz (vein recognized in area 2 in Figure 1). As a result, two different CAls
were calculated: a series of tests were performed in area 1, and other scratches crossing the quartz-
rich area of area 2 were also performed. In addition, the CAls were evaluated by testing different
conditioning circumstances. As regards the CHERCAR test, the different conditionings turn into
different conditions of the tested surface, while, for the SATA, the conditioning is instead understood
as for tunneling applications (Peila et al. 2019). The tested conditions were: dry, wet (saturated
condition for CAI, different water content for SATA), slurry with 1% by weight of polymer, and
slurry with 2% by weight of polymer. The two slurries were water solutions. Slurries were produced
by activating the polymer through a mixing process in water for 5 minutes. The proper amount of
additives was weighed and added to the water (previously set in motion by the impeller) in the first
minute, according to the procedure described in Di Giovanni et al. (2022). A concrete mixer was
used to produce a homogenous slurry. The polymer used was a natural polymer for drilling fluid and
slurry with anti-wear properties provided by MAPEI UTT.

The results are given in Table 1. The CAI values reported are the average of the tests performed
(at least 5), while SD is the standard deviation. The classification of the wear potential was drawn up
considering the CAl values, according to Alber et al. 2014.

Table 1. CHERCAR Abrasivity test results.

Area 1 Area 2
Surface condition  CAI SD Classification CAI SD  Classification
Dry 1.02  0.09 Low 3.62 0.07 High
Wet 042 0.07 Extremely low 2.71 0.17 Medium
Slurry 1% 039 0.12 Extremely low 2.67 0.03 Medium
Slurry 2% 034 0.12 Extremely low 1.77 0.05 Low

From the results obtained, the dry specimen was classified as a low abrasive material for area 1 and
a high abrasive for area 2. The wet specimen and the sample conditioned with the two slurries were
classified as an extremely low abrasive material for area 1, whereas, in area 2, the CAI classification
varied from medium to low abrasive potential.
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2.3 Soil Abrasion Test Apparatus — SATA Wear Test

Wear tests on conditioned soil are routinely performed to confirm the ability of conditioning agents
to prevent or reduce tool wear in tunneling projects (Salazar et al. 2018 and Peila et al. 2019). The
selected test (SATA) belongs to a family of not-standardized tests used to estimate the wear potential
by assessing the weight loss of a tool subjected to the action of the material to be tested (Rostami et
al. 2012, Jakobsen et al. 2013, Salazar et al. 2016a and Todaro et al. 2022). These tests have been
developed for cohesion-less soils or crushed rocks, although studies relating to applications in
quarries have also recently been developed (Di Giovanni et al. 2022).

In SATA, an aluminum disk (Vickers hardness 116 MPa) rotates around its axis at 160 rpm for
10 minutes. The disk rotates inside a cylindrical tank (Figure 3), embedded in the crushed marble
(material used around 20 kg). To ensure constant contact between the tool and the soil, a confining
pressure of 2 kPa is applied to the top of the sample. The disk weight difference calculated before
and after the scheduled testing time is the weight loss due to friction with the soil and is the main
output of the test. The greater the weight loss, the more abrasive the material under the specific
conditioning conditions tested. According to the literature references mentioned above, SATA was
used by first assessing the dependence of the water content on wear, where the slurries were then
added for specific water contents in order to verify the potential reduction obtainable.
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Figure 3. Soil Abrasion Testing Apparatus device. Image modified from (Salazar et al. 2016a).

The range of water content was selected between 0% and 12% using the 2% step. 12% was expressly
selected above the saturation water content (close to 6%) to better simulate the cutting action of the
chainsaw, where a stream of water is commonly used to control the cutting temperature and help the
removal of the cutting debris. At least three tests were performed for each moisture content and the
average was calculated.

In the second phase of the study, the moisture contents corresponding to 8% and 12% (recognized
as the highest values of the wear bell) were considered for testing the additives. The two slurries (1%
by weight - 2% by weight in water solution) were added to the dry crushed marble samples with a
suitable dosage for reaching the selected moisture contents. Results are shown in Figure 4.
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Figure 4. Marble wear bell (continuous line) and weight loss due to slurry conditioning tests (singular points).
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3. DISCUSSION

Considering the results obtained from XRD-SEM analysis, calcite was the predominant element,
with 79% of the weight fraction, even though more than 20% of the sample was composed of other
elements. The presence of quartz cannot be overlooked, with a percentage of 11%.

The results obtained with the CHERCAR Abrasivity test highlight a High - Low abrasive
potential, with a CAI value of 3.62 and 1.02 respectively for areas 2 and 1 for the dry surface
condition. This strong discrepancy (more than 2.5 points) is due to the presence of quartz in area 2.
In fact, even if the global quartz content of the marble sample is 11%, hypothesized that the presence
of quartz is mainly concentrated in area 2. Medium - Extremely Low abrasive potential (CAI equal
to 2.71 and 0.42) was computed for the wet condition respectively for area 2 and area 1. The same
classification was obtained for the slurry test with 1% polymer. As already mentioned, the difference
in abrasiveness of about 2.3 CAI points for both cases between areas 1 and 2 is due to the high
presence of quartz in area 2. A Low - Extremely Low abrasive potential was recorded for the sample
conditioned with 2% by weight of polymer (CAI equal to 1.77 and 0.34 for areas 2 and 1).

As regards the influence of conditioning agents on the CAl, it can be stated that regardless of the
type of conditioning agent (water, 1% slurry, 2% slurry) a decrease in the wear potential was obtained
compared to the dry condition. The best wear reduction performance was obtained using the highest
concentration of slurry, resulting in a reduction of about 67% and 51% for areas 1 and 2 respectively.
The 1% polymer slurry works well in area 1, while a smaller reduction in wear is appreciable in area
2 (62% and 26 % respectively). Similar values were obtained for the wet condition (59% and 25%
respectively). It can be concluded that even if the reduction in wear seems to be more appreciable for
area 1 (all % reduction close to or greater than 60%), the results of area 2 are also strongly important
since this area is the most problematic in terms of wear and a reduction of at least 25 % has to be
considered a good result. Finally, it is worth noting the strong reduction in wear, close to 50%, which
can be obtained in area 2 by using the more concentrated slurry.

Regarding the results obtained with SATA, the tested material was characterised by a wear bell
with the main peak at 8% water content and a second peak at 12%. This analysis confirms that
moisture content deeply affects tool wear, as claimed by Rostami et al. 2012, Jakobsen et al. 2013
and Salazar et al. 2016b. The tests with conditioning agents show important aspects, also linked to
the percentage of polymer present in the slurries. For the two percentages of moisture content tested,
the use of more concentrated slurry resulted in a decrease in weight loss calculated over the original
peak of 86% and 59% for the main and the second peak respectively. Instead, the use of 1% polymer
slurry guaranteed a reduction of 67% and 23% of the lost weight loss, for the main and for the second
peak respectively.

According to the results obtained with the CERCHAR Abrasivity test and the Soil Abrasion Test
Apparatus, the slurry with a polymer concentration of 2% is the best performing.

4. CONCLUSION

The phenomenon of tool wear is a complex topic, not fully understood currently. In excavation
projects, it plays a key role in terms of costs and time consuming. For these reasons, various research
studies were performed on this topic, even if a standardized predictive model is not present in the
literature yet. Tests performed with the addition of the slurry polymer revealed a significant reduction
in wear potential, especially for the more concentrated one. Although these tests were carried out on
a laboratory scale, a full-scale test campaign could confirm the results achieved. Future research
based on the use of additives could certainly implement the study and provide further data on the
phenomenon of wear.
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