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Abstract

One of the intact rock properties, the uniaxial compressive strength (UCS), is frequently utilized in
mining, oil and gas, and civil engineering projects. Samples for a typical UCS experiment must be
smooth and precisely sized. It takes a lot of effort and time to complete the UCS test. Additionally,
very weak or heavily jointed rocks cannot be used to create samples of the appropriate size. In these
situations, the intrinsic rock properties are replaced with estimates of the rock properties derived from
indirect tests, which are practical and simple to perform. In particular, measuring the dielectric
constant requires very small samples and is very simple.In this study, the UCS and dielectric constant
measurements were performed on different types of granite to investigate the relationship between
these two parameters. The evaluation of the results showed that for the granites examined there was no
correlation the UCS and dielectric constant. However, a reliable equation has been developed for
predicting the compressive force by means of a multiple regression analysis including the parameters
dielectric constant and quartz content for analysis. The lack of correlation between uniaxial
compressive strength and dielectric constant in a simple regression analysis is most likely due to the
fact that the values of the dielectric constant of the granites tested varied within a narrow range.
Concluding remark is that the UCS of granites can be estimated by a multiple regression analysis
equation.
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1 Introduction

The uniaxial compressive strength (UCS) of rock is widely used in mining and construction projects.
The standard UCS test is difficult and labor-intensive and requires samples of specific size and
uniformity. Furthermore, the required sample sizes cannot be prepared from highly fractured or very
weak rock. In addition, in the feasibility studies, indirect estimates of rock properties are often used.
For these reasons, the value of UCS should be estimated using indirect methods. Measuring the
dielectric constant is much simpler than testing of compressive strength and requires especially very
small samples. Ground Penetration Radar (GPR) measurements taken during geological surveys may
also be used for the calculation of the dielectric constant of the rock mass. The dielectric constant of
the intact rock may be estimated from the rock mass dielectric constant by the Time Propagation
Mixing Model (Complex Refractive Index Model - CRIM) (Feng and Sen 1985). The dielectric
constant of the intact rock estimated from GPR measurements may be used to estimate the UCS if a
strong correlation is established between the two parameters.

Some researchers have studied the relationship between the dielectric constant and certain rock
features. Most studies looked at the relationship between the dielectric constant and density and
porosity (Olhoeff and Strangway 1975; Ulaby et al. 1988 and 1990; Russell and Stasiuk 1997; Rust et
al. 1999; Heggy et al. (2001). Only two studies (ElShafie and Heggy 2012 and 2013) examined the
relationship between the dielectric constant and the Schmidt hammer value. There are no studies in the
literature on the relationship between the dielectric constant and the UCS of rock. This paper studies
the relationship between the dielectric constant and the UCS of granites.

2 Rock types tested

Stone processing plants around Ankara city were visited and the large block samples of granite were
obtained. The block samples were transported the laboratory for testing. Table 1 lists the locations of
the six different granite types that were sampled.

Table 1. Rock samples used in the study.

Code Rock type Location

1 Granite (Kaman rosa) Kaman/Kirsehir/Tiirkiye
2 Granite (Kozak) Kozak/Balikesir/Tiirkiye
3 Granite (Beypazar1) Ankara/Tiirkiye

4 Granite (Baltic Brown) Finland

5 Granite (Krasnaya rosa) Russia

6 Granite (Orange pearl) India

3 Mineralogical studies

Mineralogical analysis was carried out on the prepared thin sections of each rock type. Mineral
compositions were determined by means of a polarizing microscope. The percentage of each mineral
was determined by using a point counting device. The types and percentages of each mineral found in
the samples are displayed in Table 2.

Table 2. Mineral constitutes and percentages of the samples.

Code Mineral constitutes and percentages (%)

Quartz  Orthoclase Plagioclase Biotite Amphibole Muscovite Chlorite Opaque min.

1 28 41 18 9 - - 4 -
2 12 25 32 16 13 - 2 -
3 25 23 37 2 10 - - 3
4 14 56 12 13 4 - - 1
5 29 62 4 3 - 1 - 1
6 24 61 11 3 - - - 1
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4 Experimental studies

4.1 Sample preparation

NQ (47.6 mm) size core samples were taken from the granite blocks and sawn to specific sizes for the
laboratory studies. The height of the cylindrical samples was 95 mm, whereas the disc-shaped
samples had a thickness of about 22 mm.Some of the prepared samples are shown in Fig. 1.

Fig. 1 Core sample examples.

4.2 Uniaxial compressive strength tests

Data on the uniaxial compressive test (UCS) were taken from our previous study (Kahraman, 2025).
The UCS tests were performed in accordance with the ISRM (2007) suggested methods. The stress
level has been set at 0.5-1.0 MPa/s. For each type of rock, the tests were repeated at least five times
and the mean value was recorded as UCS. The results of the tests are shown in Table 3.

4.3 Dielectric measurement tests

The complex relative permittivity of the samples was characterised using the cavity perturbation
technique at a microwave frequency of 915 MHz. The measurement system comprised a high-Q
cylindrical resonant cavity coupled to a vector network analyzer (Fig. 2). To ensure high precision and
mitigate systematic errors, the system was calibrated using a Polyamide (Nylon 66) reference sample
with a known dielectric constant.

Fig. 2 Dielectric measurement system.
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Since the dielectric measurement on cylindrical specimens is difficult, disc specimens were used for
the dielectric measurement tests. Eachspecimen was placed in the cavity's maximum electric-field
region, and the resulting shift in resonant frequency and change in quality factor (Q) were recorded.
The real part of the permittivity values, representing the energy storage capacity were calculated using
the Bethe-Schwinger perturbation equations. The dielectric constants (g;) of the samples are listed in
Table 3.

Table 3. Uniaxial compressive strength and dielectric constant values.

Code UCS (MPa) &,

1 159.9 5.41
2 132.6 5.54
3 136.0 5.66
4 89.9 5.81
5 155.6 5.87
6 137.1 5.56

5 Results and discussions

The correlation between the UCS and gwas examined using the data in Table 3, and as Figure 3
illustrates, no correlation was found between the two parameters. The literature contains no research
examining the relationship between the two parameters. Nonetheless, some research (ElShafie and
Heggy 2012 and 2013) has discovered a correlation between the dielectric constant and the Schmidt
hammer value for pyroclastic and basalt rocks. A correlation between the UCS and &, is also
anticipated since a correlation between the UCS and the Schmidt hammer value is known to exist.
Nevertheless, there is no correlation between the Schmidt hammer value and the dielectric constant in
the data from these investigations when basalt and pyroclastic rocks are assessed independently. The
fact that the tested granites' €, values fall within a small range is probably the reason for the lack of
correlation between UCS and e..
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Fig. 3 Correlation between uniaxial compressive strength and dielectric constant.

A rock's dielectric constant is significantly influenced by the minerals that comprise it. The quartz
mineral has a g value of about 4.5, which is much lower than the &, values of the other minerals (6-7)
that comprise granite. It is believed that granites' g value is significantly impacted by their quartz
content. Therefore, quartz content was added to the analysis along with the €, value in order to create
an equation to estimate the UCS value using multiple regression analysis. The resulting equation with
high correlation coefficient (r = 0.85) is:

UCS = —54.03¢, + 2.56Q + 383.35 (1)
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Where UCS  Uniaxial compressive strength (MPa)
& Dielectric constant
@] Quartz content (%)

The 3D surface graph is shown in Figure 4 for Eq. 1. It can be seen in Figure 4 how the fitted response
values relate to two continuous variables based on Eq. 1.

160-170
170 150-160
160 140-150
150 - m 130-140

= 140 - m120-130

% 130 - = 110-120

= 120 | ®100-110

S 110 | W 90-100
100 | m80-90

90
80

Fig. 4 The 3D surface graph 4 for Eq. 1.

6 Conclusions

Compressive strength, dielectric constant, and mineralogical data were assessed in order to create an
equation for estimating the uniaxial compressive strength from the dielectric constant for granites. The
analysis of the findings could lead to the following conclusions.

For the granites under test, no relationship was revealed between the dielectric constant and uniaxial
compressive strength. Using multiple regression analysis, a reliable equation that considered the quartz
content and dielectric constant was developed to predict compressive strength. The dielectric constant
values of the tested granites most likely varied within a small range, which is why there was no
correlation between uniaxial compressive strength and dielectric constant in the simple regression
analysis. It was determined that the UCS of granites could be estimated using the multiple regression
analysis equation. Granites with different mineralogy and dielectric constants or other rocks should be
included in the analysis for future research.
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