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The abrasiveness characteristics of rocks are a crucial rock property that directly affect cutter
design, wear, machine efficiency, rock grindability, and project costs. The primary objective of
this study is to investigate the relationship between rock abrasiveness indices and grindability
using three different experimental methods: Cerchar, Norwegian Abrasion, and Schimazek tests.
These indices serve as widely recognized proxies for evaluating the potential wear behavior of

rocks on excavation tools. In this context, six different metamorphic-origin rocks collected from
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various regions of Turkey were analyzed. Within the scope of the study, data obtained from the
Hardgrove Grindability Index (HGI) test were compared with abrasion values obtained from
widely used experimental methods in the literature, such as the Cerchar Abrasivity Index (CAl),
Schimazek Abrasivity Index (F), and the Norwegian Abrasion Test (AV). Statistical evaluations
conducted on the obtained results revealed strong correlations between HGI and CAl, AV and F
with R?values of 0.75-0.86-0.85 respectively.

INTRODUCTION

In underground and surface excavation
applications, mining activities such as tunneling,
water, oil, or natural gas extraction, various types of
excavation machinery (tunnel boring machines,
roadheaders, drills, etc.) are utilized. To achieve
desired benefits and select appropriate excavation
equipment in mechanized excavation, it is essential to
have a thorough understanding of the physico-
mechanical and geological properties of the rock
formation to be excavated. In this context, particularly,
the wear that occurs on cutting tools as a result of the
interaction between the rock and excavation
machinery not only determines the lifespan of the
cutters but also significantly impacts excavation
efficiency and project costs (Abu Bakar et al., 2016).

Rock abrasiveness is a fundamental parameter
influencing wear on cutters and is a highly significant
rock property. Researchers working on this subject
utilize various abrasion index test methods, such as
CAl, Schimazek Abrasion Index (F), Norwegian
Abrasion (AV), Vickers rock hardness number
(VHNR), etc., to accurately predict the wear behavior
of rocks (Tamrock, 1999; Majeed and Abu Bakar,
2016; Kahraman et al., 2016; Majeed and Abu Bakar,
2019). Among these methods, the CAI test method is
widely used by many researchers to determine the
wear behavior of rocks due to its ease of application.
The Schimazek Abrasion Index, which is examined
within the scope of this paper and is an important

method for determining rock abrasiveness, provides
an indirect wear prediction based on the mineral and
tensile strength properties of the rock. Another method
is the Norwegian Abrasion Value (AV), developed by
NTNU/SINTEF and wused for predicting the
performance of excavation machinery. The AV value
is defined as the wear occurring over time on the cutter
in contact with crushed rock particles (Bruland, 2000;
Majeed and Abu Bakar, 2019). When compared, the
aforementioned abrasion index test methods can be
relatively time-consuming and may require a large
amount of rock samples (Garzon-Roca et al., 2020).
Additionally, special equipment is needed to conduct
these tests (Yarali et al., 2018). Tamrock (1999) also
described the Hardgrove Grindability Index (HGI) test
method among the methods used to determine rock
abrasiveness. While the HGI test method is primarily
used for analyzing the grindability of coal samples, it
has recently begun to be used for determining the
grindability of rock samples as well. Particularly, it
has gained increasing importance due to its
practicality and the ease of obtaining results (Swain
and Rao, 2009; Abdelhaffez, 2012).

In mining applications, wear and wear-related
conditions can be encountered in a wide variety of
areas. Particularly, when considering an excavation
project, the wear behavior of rocks must be thoroughly
examined in terms of material properties and
operational costs. Therefore, in engineering
applications, it is crucial to consider rock properties

Cite this article as: Aldi1 C: Determination of the effect of rock abrasiveness on grindability using three different experimental methods. Acta
Geodyn. Geomater., 22, No. 3 (219), 405-412, 2025. DOI: 10.13168/AGG.2025.0028



406 C. Aldi

Table 1 The rocks used in the study.
Rock Name Location Rock Type
Quartzite Karabuk (Turkey) Metamorphic
Quartz Schist Malatya (Turkey) Metamorphic
Chlorite Schist Malatya (Turkey) Metamorphic

Marble
Marble
Metadiabase

Afyon (Turkey)
Balikesir (Turkey)
Nigde (Turkey)

Metamorphic
Metamorphic
Metamorphic

Table 2 The methods recommended for the experiments.

Experiment Reference H D (mm) Number of Repeats
(mm)

Brazilian Tensile Strength (BTS) ISRM (1978) 27 54 10

Cerchar Abrasivity Index (CAI) ISRM (2014) 27 54 5-7

Hardgrove Grindability Index (HGI) ASTM (1993) Sieve size 3

Norwegian Abrasion Index (AV) Dahl (2003) 27 54 3

Fig. 1

such as abrasiveness and to strive for practical and
accurate predictions of these characteristics.

Sakiz (2021) investigated the relationship
between the abrasiveness and grindability of seven
different andesite rocks. Considering three commonly
used abrasion test methods (Cerchar, Norwegian,
Schimazek), the study revealed that the abrasiveness
of the rock can be easily determined using the
Hardgrove Grindability Index (HGI). However, it was
noted that the predictive models developed to
determine rock abrasiveness based on HGI are limited
to the range of abrasion values of the examined rocks.
To develop more reliable predictive models, the study
emphasized the need to increase the number of rocks
analyzed and to consider rocks of different origins.

The difference of this study from similar studies
is that it is the first study to determine the effect of
abrasiveness on grindability for metamorphic rocks
using three different test methods.

Hardgrove Grindability Index (HGI) test apparatus.

DATA AND METHODS

In this study, various experiments were
conducted in laboratories. As part of the fieldwork, six
different rock blocks were obtained to supply the rocks
required for laboratory studies. The experiments were
carried out on samples prepared in suitable dimensions
after cutting core samples taken from these blocks.

Both the collection of samples from the field and
the execution of laboratory experiments were
conducted in accordance with the standards of the
International Society for Rock Mechanics (ISRM) and
the methods recommended by various researchers.
Information about the rocks used in the study is
provided in Table 1, while the methods proposed for
the experiments are shown in Table 2.

The Hardgrove Grindability Index (HGI) test
was conducted to determine the grindability of the
rocks, and the results were compared with the strength,
drillability, abrasiveness, and excavability values of
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Fig.2  West fully automatic CAl testing apparatus.

Fig.3  Imaging system using a computer-assisted microscope.

the rocks. The apparatus used in the Hardgrove test is
shown in Figure 1. First, 50 grams of rock samples
with a particle size of -1180 um +600 pm were
prepared. Then, the prepared samples were ground in
the HGI mill at 60 revolutions. Finally, the ground
material was sieved through a 200-mesh screen, and
the HGI results were calculated using Eq. (1) below.

HGI=13+6.93D 1)

Here;

HGI: Hardgrove Grindability Index,

D: The amount of rock that passed through the
200-mesh screen.
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Fig. 5

Norwegian Abrasion Test apparatus.

To determine the abrasiveness values of the
rocks, Cerchar Abrasiveness Index (CAIl) tests were
conducted. The method proposed by Alber et al.
(2013) was taken into consideration in the
experiments. The testing apparatus used in
the experiments is shown in Figure 2, the imaging
system using a computer-assisted microscope is
shown in Figure 3, and the measurements obtained
from the imaging system are shown in Figure 4.

The Norwegian Abrasion Test, another method
used to estimate the abrasiveness of rocks, was
developed in the early 1960s at the Department of
Geological Engineering at the Norwegian Institute of
Technology (Lien, 1961). This test method measures
the wear on a tungsten carbide tip over time using
powdered rock samples <1 mm in size (Dahl, 2003).

In this test, crushed stone powder smaller than 1
mm is passed under a tungsten carbide tiploaded with

a 10 kg weight. The tungsten carbide tip is pressed
against the rock powder as itmoves along a circular
path on a rotating steel disk. The amount of wear is
determined as theweight loss of the test tip in
milligrams after 100 revolutions of the steel disk.
Atotal of 100 revolutions corresponds to a test
duration of 5 minutes. The Norwegian Abrasion
Value (AV) is calculated using Eg. (2).

AV =W %10 )

Here;

AV: Norwegian Abrasion Value (mg/10 g),

W: Weight loss of tungsten carbide tip after
100 revolutions (mg).

The weight loss measurements of the tungsten
carbide tips for each rock sample were recorded, and
the corresponding AV values were calculated. This
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Fig.6  Hydraulic press used for the strength test.

Table 3 Experimental results.

Rock Name HGI BTS (MPa) CAl AV d (mm) Q (%)
Quartzite 52.5 21.1 47.6 1.3 97.1
Quartz Schist 73.8 9.4 44.2 15 43.9
Chlorite Schist 82.5 9.3 12.5 1.4 74.4
Marble 102.7 8.4 15 0.7 4
Marble 110.3 6.9 1 0.3 5
Metadiabase 61.4 154 18 1.1 31.6

test measures the time-dependent wear of the tungsten
carbide tip that rubs against the crushed stone powder,
providing a quantitative assessment of rock
abrasiveness. The test setup is shown in Figure 5.

The Schimazek abrasion indices of the rocks
were determined using Eqg. (3). Schimazek and Knatz
(1970) based on the Brazilian Tensile Strength (BTS),
the average grain size of abrasive minerals (d), and the
equivalent quartz content (Q).

F=d*Q*BTS 3)

Here;
F: Schimazek Abrasion Index (N/mm).

The strength values of the rocks were determined
using Brazilian Tensile Strength (BTS) tests. The
method suggested by ISRM (1978) was applied for the
Brazilian Tensile Strength (BTS) test. The hydraulic
press used in the experiments is shown in Figure 6.

Additionally, within the scope of the study, rock
samples were examined under a polarizing microscope
to determine their mineral composition, texture type,
grain size and shape, roundness, sphericity, cement

type and degree of cementation, and weathering
degree. Based on these characteristics, the average
grain size of abrasive minerals (d) and equivalent
quartz content (Q).

RESULTS AND ANALYSIS

In this experimental study, a database was
prepared using the Hardgrove Grindability Index
(HGI), Cerchar Abrasiveness Index (CAl), Brazilian
Tensile Strength (BTS), Norwegian Abrasion tests
(AV) and petrographic analysis. The results obtained
from the experiments are presented in Table 3. The
rocks used in the experiments were obtained from
Turkey.

In this study, the relationships between the
grindability (HGI) and abrasiveness (CAl) of the rocks
were examined (Fig. 7). The graph shows a negatively
strong relationship between the grindability of the
rocks and their abrasiveness. It can be understood from
the graph that the higher the abrasiveness of the rocks,
the more difficult it is to grind them. In his study, Sakiz
(2021) found similar results.
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The relationships between the grindability (HGI)
and abrasiveness (F) of the rocks were examined
(Fig. 8). The graph shows a negatively logaritmic
relationship between the grindability of the rocks and
their abrasiveness. It can be understood from the graph
that the higher the abrasiveness of the rocks, the more
difficult it is to grind them. In his study, Sakiz (2021)
found similar results.

The relationships between the grindability (HGI)
and abrasiveness (AV) of the rocks were examined
(Fig. 9). The graph shows a negatively strong
relationship between the grindability of the rocks and
their abrasiveness. It can be understood from the graph
that the higher the abrasiveness of the rocks, the more
difficult it is to grind them. In his study, Sakiz (2021)
found similar results.

CONCLUSIONS

With this study, the effect of the abrasiveness of
metamorphic rocks on grindability was investigated
for the first time using three different experimental
methods. The Cerchar Abrasiveness Index was
compared with the Hardgrove Grindability Index, and
a high negative correlation was found between these
two parameters. As the abrasiveness of the rocks
increases, their grindability becomes more difficult.
A similar relationship was also obtained between the
Schimazek Abrasiveness Index and the Norwegian
Abrasiveness Index with the Hardgrove Grindability
Index. In future studies, similar research should be
conducted on sedimentary and igneous rocks, and the
results should be compared with those obtained from
this study. Additionally, the reliability of the study's
findings should be more clearly demonstrated by
increasing the number of samples. The strength,
drillability, hardness, brittleness, fragility,
excavability, and petrographic properties of the rocks
should also be determined, and their effects on
grindability should be evaluated. Evaluations should
not only be conducted using simple regression
analysis but should also be analyzed using methods
such as multiple regression analysis and deep learning
to investigate the combined effects of these parameters
on grindability.
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