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Abstract:

The task of determining the homogeneity of the rock mass, as well as its fracturing
and blocking, is always an important task in mining, regardless of the method of
development of the field. The quality of the extracted mineral will depend on how
these parameters are determined, and most importantly, the reliability and stability
of the mine workings, and therefore the health and life of the workers. It is difficult
to solve this problem for several reasons: the first is the constantly changing
geological conditions in connection with the advancement of the front of mining or
tunneling. The second problem is the complexity of the measurements themselves
inside the mass. The speed of the wave can be determined by the time it takes to
travel through a given distance. In practice, such a problem is difficult to solve, due
to large errors, since access to them is possible only through wells. The paper
shows the possibility of determining the heterogeneity coefficient of a mass of
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wave speed.

wells by the ultrasonic method using a three-point measuring scheme.
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. INTRODUCTION

The approach to studying the heterogeneity of the rock
mass depends on various factors, including the fracturing
and blocky structure of the mass itself. With systemic
fracturing of deposits, three systems of cracks are usually
observed, and structural blocks are close in shape to a
parallelepiped, the diameter of which can be the largest
rib [1]. In this case, the necessary empirical information
is provided by measurements of the distance between
cracks in the system with a minimum crack frequency
[2].

By the nature of the networks of cracks, systemic,
chaotic, and polygonal fractures are distinguished [3].
With systemic fracturing, the rock mass is dissected by
several systems of parallel crack planes. If the cracks do
not unite into systems and are randomly oriented in
space, then the fracturing is called chaotic. Polygonal
systems of cracks break the natural massif into structural
blocks that are close in shape to polyhedra [4].

A quantitative characteristic of fracturing is the
frequency of cracks  (the average number of cracks
crossing a unit length segment). This characteristic as a
function of direction in space may have a significant
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variation. In this case, the fracturing is anisotropic [5] and
determines the seismic anisotropy of the natural massif. If
the variation of is insignificant (random), then the
fracture is isotropic [4, 6].

The measurement of the distance between cracks in
systems is often difficult and sometimes not possible.
Therefore, the linear method is most often used,
consisting in measuring the distance between the tracks
of cracks on a straight line, that is, in determining the
length of the segments of the intersection of a straight
line with structural blocks.

Il. HOW TO SOLVE THE PROBLEM

To solve a wide range of practical problems [7, 8, 9],
the ultrasonic method for studying the properties and
condition of rocks is widely used. These methods are
characterized by a wide variety of methodological
techniques in obtaining primary information, which are
determined by the specifics of the tasks being solved.
Despite this, the basic information obtained from the
devices, in most cases are data on the propagation speed
of ultrasonic waves. By the degree of change in the speed
of passage of the wave, one can judge the properties of
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the rocks, as well as the heterogeneity of the mass.

To assess the heterogeneity of the mass, one needs to
study the intensity of the manifestation of the scale effect
in relation to the speed of passage of ultrasonic waves
through the rock. Any natural massif is an anisotropic
medium, as it is penetrated by a system of cracks, has
natural blocking, as well as impregnations and impurities
of other minerals. The study of such a sample will be
based on the dependence of the speed of ultrasonic waves
on the direction of their propagation.

A mass is considered homogeneous if the propagation
speed of the leading edge of the elastic wave does not
depend on its direction of distance traveled. Then the
coefficient of heterogeneity of the mass is determined as
follows:

nzmax—min, (1)

where V. and V_. - the maximum and minimum

values of the velocities of ultrasonic waves in the studied
area.

The speed of passage of an ultrasonic wave [10, 11] is
determined, as a rule, by the time of its passage through a
certain distance in advance known. In practice,
determining the distances between two sensors is difficult
and significantly affects the measurement error, since
access to them is possible only through wells. Therefore,
the task of determining the heterogeneity of the mass,
excluding the determination of measuring the distances
between wells, is of great interest in science.

We write expression (1) in the following form:

S/ S/
n:l_vmax :l— tl :l— SZ ,

Vmin S/ V

t2 t2

Where S, - distance between points at which speed is

)

minimum;

S, — distance between points at which speed is
maximum;

t, and t, - ultrasound transit time through distances
S1and S2, respectively.

From the equation (2) it follows that the coefficient of
heterogeneity is determined under the condition
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where i, ] - indices of different points in the mass.

For the experiment, we will choose the following
scheme (Fig.1l) of measurements in the rock mass: a
radiator 1 is installed in one well, sensors 2 and 3 are
placed in another, so we connect the emitter and the
receiver by segments of straight lines so that they form a
right triangle with the vertex of the straight angle at the
second sensor.

Denote the distance from the emitter 1 to the receiver 2
by the letter h, from the emitter 1 to the receiver 3 - S, the
distance between the receivers 2 and 3 - a, the angle
between the hypotenuse S and the leg a- a.

Let’s assume that the mass is homogeneous within the
specified triangle. Then

a a a a B a

S T W TV Y

(3)

Where V — speed of ultrasonic waves; t, - time required
for an ultrasonic wave to pass distance h. According to

),

or (@)
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installed at the required distance from the wellhead. In
another well, the bar is moved with three receiving
sensors installed at the same distance.

I1l. RESULTS

If the transit time of the ultrasound from the emitter to the
extreme sensors is equal, the middle sensor is installed at
the apex of the right angle of the triangle. First, the
smallest possible distance between the receiving sensors
is set (depending on the resolution of the time meter).
Then the central sensor is left stationary, and the extreme
sensors are moved along the well. The distance between
the central and extreme sensors is determined, the
ultrasound transit time from the emitter to the receiving
sensors is measured and a table is created, or a plot of the
dependence

In a homogeneous mass, the ratio of the distance between a, tj2 —t;
different points is equal to the ratio of the time that elastic f (O‘) =1- a_ ' t2 _t2
i h

waves travel through these distances. )

Figure 1. Diagram how to measure homogeneity of the‘
mass

Laboratory measurements were performed on samples

Thus, .
from the following rocks:
- granites;
S/ - biotites;
S. ;
t—’ =1 - gabbro-dioritis.
i
t. . .
J On reference samples in laboratory conditions for three
) types of rocks, the results of the passage of ultrasonic
Or according to (4), waves are obtained, presented in Figure 2.
a, [ti-t
— =5 =1, (5) V, m/c
2 V-t 7500 —
»
*
For an inhomogeneous mass, equality (5) will be 7000 ¢ o
violated. Moreover, according to (2), the heterogeneity
coefficient for the selected section can be determined ¢
provided 6500 X .
7 2 T N
a_. t _th [ ] &
n=1-—. |-—~, (6) 6000———=—f——
aj ti _th ™
5500 -
]
n
In (6) it is not difficult to determine values and for 3
g . 5000 - - . . p.keg/m
receiving sensors are in the same well and can be 2400 260 2800 3000 3200 3400
installed on the same bar. Therefore, to determine only
the measurement of the transit time of the ultrasound Figure 2. The dependence of the speed of the
from the emitter to various sensors is required. In ultrasonic wave on the density of the sample
practice, the coefficient of heterogeneity of the mass is (m - biotite, A — gabbro-dioritis, # - granite)
determined as follows. In one of two wells, a radiator is
6794
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Further, mods were made from the breed, in which
measurements were made of the standardly used
measurement method and above the proposed one.
Comparative results are given in Figure 3.
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Figure 3. Comparison of the values of the speed of
passage of an ultrasonic wave through a sample with
various measurement methods ( ¢ - laboratory
“reference” method, A — common measurement method,
m — method proposed for use)

IVV. CONCLUSIONS

As can be seen from the graphs, this approach for mass

heterogeneity allows determining the integrity of the
mountain mass with minimal errors.
When measured by this method, the initial conditions
may vary, the angle of inclination of the wells may vary,
the distance between the axis of the wells and the sensors
also varies. Therefore, this method is universal and
sometimes does not require the drilling of two wells, if
there is already one, the only condition is that the
geometry of the right triangle.
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