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Fig. 1. Microscopic thin section images of the studied rocks

Table 1. Mineralogical content of the studied rocks
Mineral content (%)

Rock Rock Other
sample type Qz Pla Ca Am Bt Mt Ap Zr Es Vel Cor . -
GRL Limestone - - 98 - - - - - - - - 2
KAL Limestone - - 95 - - - - - - - - 5
KHL Limestone - - 95 - - - - - - - - 5
NTG Granit 20 40 - 10 10 - 5 5 5 - - 5
MSG Granit 70 - - - 10 5 - 5 - - - 10
SHL Limestone - - 100 - - - - - - - - -
QZM Granit - 55 - 15 15 - 1 - - - - 14
YZD Granit - 25 5 - - - - - - - - -
SVG Granit - 40 - - - 3 - - 5 - - -
BJS Skarn 5 - 20 20 - - - - - 5 50 -

Qtz., quartz; FId., Fldspar; Ca., Calcite; Am., Amphibol; Bt., Biotite; Mt., Muscuvite; Ap., Apatite; Zr., Zircone; Es.,
Esphene; Zoi., Zoizite; Wol., Wollastonite; Cor., Cordierite
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Table 2. Physical properties of the studied rocks

Sample  Test No. vd (KN/m?) ysat (KN/m?) Gs n (%) Wa (%)
Min 26.73 26.79 2.74 0.26 0.09
GRL 5 Ave. 27.31 27.36 2.80 0.43 0.16
Max 28.04 28.08 2.87 0.64 0.24
SD 0.54 0.54 0.05 0.14 0.05
Min 25.17 25.54 2.67 2.97 1.13
Ave. 25.66 25.99 2.71 3.43 1.31
KAL > Max 26.10 26.44 2.76 3.76 1.46
SD 0.34 0.33 0.03 0.31 0.13
Min 22.88 23.38 2.46 4.78 2.04
Ave. 23.20 23.69 2.49 5.02 2.12
KHL > Max 23.65 24.14 2.54 5.29 2.21
SD 0.34 0.35 0.04 0.19 0.07
Min 26.62 26.66 2.73 0.42 0.15
5 Ave. 26.86 2691 2.75 0.46 0.17
NTG Max 26.99 27.04 2.76 0.50 0.18
SD 0.14 0.14 0.01 0.03 0.01
Min 24.85 24.98 2.57 1.21 0.47
G Ave. 25.32 25.45 2.61 1.28 0.50
M > Max 25.70 25.83 2.65 1.35 0.53
SD 0.37 0.37 0.04 0.06 0.03
Min 25.78 25.81 2.64 0.28 0.11
SHL 5 Ave. 26.02 26.06 2.66 0.36 0.13
Max 26.30 26.34 2.69 0.39 0.15
SD 0.23 0.24 0.02 0.05 0.02
Min 26.78 26.80 2.74 0.18 0.06
Ave. 27.26 27.28 2.78 0.21 0.08
QZM > Max 27.58 27.60 2.82 0.26 0.09
SD 0.29 0.29 0.03 0.03 0.01
Min 25.09 25.17 2.58 0.57 0.22
Ave. 25.33 25.39 2.60 0.64 0.25
YZD 5
Max 25.65 25.70 2.63 0.86 0.34
SD 0.23 0.22 0.02 0.12 0.05
Min 25.89 25.95 2.66 0.63 0.24
Ave. 26.23 26.30 2.69 0.71 0.27
SVG 5
Max 26.63 26.70 2.73 0.77 0.29
SD 0.30 0.31 0.03 0.05 0.02
Min 28.47 28.50 2.91 0.31 0.11
BIS 5 Ave. 28.75 28.78 2.94 0.32 0.11
Max 29.05 29.08 2.97 0.34 0.12

SD 0.24 0.24 0.02 0.01 0.00
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Fig. 2. Relationship between dry unit weight and ultrasonic wave velocity of the studied rocks at temperatures a) -16, b)
26, ¢) 50, d) 75 and d) 105 degrees of Celsius
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Fig. 3. Relationship between dry unit weight and ultrasonic wave velocity of the studied rocks in the conditions of a)
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e) saturated with salt solution of 150%
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Fig. 8. The relationship between the state of the filling material and ultrasonic wave velocity in the studied rocks
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Abstract

Ultrasonic wave velocity testing is a non-destructive, economical, simple and rapid method used
for determining the physical and engineering properties of rock. This test is based on the velocity
of the elastic wave in rocks. The ultrasonic wave velocity of rocks depends on intrinsic and
environmental properties such as mineralogical composition, density, porosity, grain size, shape,
texture, anisotropy, water content, and temperature of rocks. In this research, 10 different types
of building stone, including limestone and granite, were cut into 50 cubic specimens with
dimensions of 10X4X4 c¢m, and then they were tested using the Pandit wave velocity testing
machine to find the effective parameters on the velocity of the ultrasonic wave should be
investigated in them. These parameters include dry unit weight, temperature, type of pore fluid,
state of filling material and loading. Based on the obtained results, the correlation between
ultrasonic wave velocity and dry unit weight is a direct linear relationship and its relationship
with the type of pore fluid condition of the filling material and loading is inverse relationship. In
addition, increasing the temperature increases the velocity of the ultrasonic wave. Also, in terms
of the type of pore fluid, the lowest value of the wave velocity was obtained in the state saturated
with water and the highest value of the wave velocity was obtained in the common salt solution
with a concentration of 150%. Regarding the state of the rock pore filling material, the highest
velocity value was observed in the frozen filling state and the lowest velocity value was observed
in the air filling state. As the load increases, the velocity of the ultrasonic waves decreases in the
studied rocks.

Keywords: Ultrasonic wave, Building stone, Engineering properties, Temperature, Filling
material.

Introduction
Today, there is a need for a simple method to determine the characteristics of stones indirectly but
reliably. One such method is to test the velocity of the ultrasonic wave. The ultrasonic method has
been used for many years in geotechnical and mining projects and is used in the laboratory to
determine the physical, mechanical and dynamic properties of rocks. As this method is non-
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destructive, simple and fast, it is increasingly being used in engineering. This method is based on the
speed of elastic wave movement in rock and has been adopted in international standards. The type of
rock, mineralogical composition, small cracks and fractures, and particle size are factors that affect
the speed of the ultrasonic wave. This method can be used both in the laboratory and in the field.
Petrographic and physical characteristics of rocks such as mineralogical composition, density,
percentage of water content, pore fluid, anisotropy, temperature, fractures and cracks (porosity) are
inherent characteristics that control the behaviour of rock engineering. Accordingly, the ultrasonic
wave velocity of rocks depends on the inherent properties such as mineralogical composition, density,
porosity, grain size, shape, texture, anisotropy and laboratory factors such as water content and
temperature of the rocks.

Methodology

In order to carry out this research, during the library studies, the information available in books and
articles related to the research subject was studied and the necessary information for the research was
collected. In the field studies phase, samples of different lithologies were collected and prepared by
visiting stone production and cutting centers in different regions, and the necessary samples were
prepared in the stone cutting workshop (10 stone samples). The laboratory studies include
microscopic studies, determining the percentage of minerals and their types in the samples tested,
measuring the dimensions of the samples used such as length, width and height to determine the
physical properties of the samples tested, measuring the dry weight and saturation of the samples and
performing index physical tests. In this research, to measure the physical properties of the samples
used such as length, width and height, measuring the dry weight and saturation of the samples,
performing index physical tests, checking the speed of the wave in different conditions in the samples,
preparing microscopic sections of the samples tested for microscopic examination, photographing the
microscopic sections and performing studies on them. In this research, to measure the velocity of the
wave in the studied rocks, Pandit's ultrasonic wave travel velocity device has been used.

Results and discussion
As the unit weight of the samples increases at all temperatures, the speed of the wave in the rocks
studied increases, so that the lowest correlation is observed at a temperature of -16 degrees Celsius
and the highest correlation is observed at a temperature of 105 degrees Celsius. In addition, the
correlation between dry unit weight and ultrasonic wave velocity in the conditions of water saturation,
freezing and saturation of three common salt solutions with concentrations of 50, 100 and 150% were
also studied. The results show that there is a better correlation between the dry unit weight and the
ultrasonic wave velocity in the freezing condition than in the water saturation condition. This
correlation also increases with increasing salt concentration in the saline saturation conditions.
Porosity reduces the speed of the ultrasonic wave in the samples studied. This reduction is greatest in
the 150% saline saturation state and least in the 50% saline saturation state. The relationship between
temperature and ultrasonic wave velocity in most of the samples studied is in the form of a direct
linear relationship with a good correlation coefficient. The average velocity of the ultrasonic wave in
the saturated state of the saline solution with a concentration of 150% is higher than in the saturated
state of other saline solutions and pure water. The velocity of the ultrasonic wave is higher than the
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liquid in the frozen state, and the liquid is higher than air. Because in the liquid state the cavities of
the stones are filled with water, compared to the air state when the cavities are empty, as a result of
the reduction in porosity, an increase in the speed of the ultrasonic wave is observed.

As the load increases, the void space between the minerals and fractures in the samples increases.
This causes the ultrasonic wave velocity to decrease.

Conclusions

Based on the studies, the correlation between unit dry weight and ultrasonic wave velocity has a direct
linear relationship. The relationship between porosity and ultrasonic wave velocity is an inverse
relationship. In addition, the increase in temperature has increased the velocity of the ultrasonic wave
in this research, and there is a direct linear relationship between the increase in temperature and the
increase in velocity of the ultrasonic wave. The correlation between pore fluid type and ultrasonic
wave velocity has a linear relationship. As the concentration of the brine increases, so does the speed
of the ultrasonic wave. When examining the state of the filler, the highest velocity value is in the
frozen state and the lowest velocity value is in the air state. The speed of the ultrasonic wave in the
frozen state is higher than in the liquid and gaseous states. As the load increases, the speed of the
ultrasonic wave decreases.



