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Purpose. Substantiating treatment parameters of grout mixtures in constant magnetic field applied while strength-
ening weak dispersed rocks by high-pressure jets of these mixtures resulted in increasing efficiency and effectiveness
of works in progress.

Methodology. The methodological basis of solving this problem is a comprehensive approach including theoretical
and experimental studies. Considered coagulation theory and constant magnetic field impact on ion and dispersed
systems demonstrated the possibility of applying magnetic field to influence grout mixtures having low water and ce-
ment ratio. Afterwards, laboratory methods to determine physical and mechanical properties of grout mixtures and
obtained cement rock were carried out. All experiments were repeatedly carried out from 3 to 5 times and experimen-
tal data were processed on PC by modern statistics methods. Coefficients of correlation and approximation validity
were found for all dependences.

Findings. Performed experimental studies allowed determining such parameters of grout mixture treatment in a
constant magnetic field that could greatly improve the following properties:

The point of starting and completing the cementation process and total time of strength generation (in optimal
case the consolidation time is reduced by 12 % resulting in cutting work period required for rocks consolidation).

The uniaxial compression strength of the cement rock patterns under different methods and magnetic treatment
parameters of initial mixtures is approximated by exponent and exponential function product and magnetic field in-
duction value with approximation validity coefficient of 0.94. The dependence is extremum and has delineated max-
imum with magnetic field induction being B=0.36 T.

Orginality. The residual magnetization impact of non-ferromagnetic material on coagulation process acceleration
of grout mixtures having low water and cement ratio has been considered for the first time. In the course of studies the
dependences of changing the period required for starting and completing the processes of setting and cementing as
well as uniaxial compression strength of the obtained cement rock on the treatment parameters of these grout mix-
tures in the constant magnetic field (while changing magnetic field induction and fluid velocity in the working space
of magnetic device) have been determined.
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Practical value. Regularities of the impact of the constant magnetic field induction and fluid velocity in the wor-
king space of magnetic device on some physical and mechanical properties of grout mixtures and cement rock ob-
tained after cementing have been established. Conducted experiments allowed identifying rational parameters to en-
hance these properties, which being applied to jet grout technology gives the possibility for its immense improvement.
This enables to reduce cement consumption without sacrificing required fixation strength or raise fixation strength

using the same amount of fixer.

Keywords: high pressure jet flows, magnetic treatment, jet grouting technology, cement mixture

Introduction. One of the main challenges of our time
is intensive development and reconstruction of major
cities. Unfortunately, most of them are characterized by
complex hydrogeological conditions and terrain features
and specific grouting techniques are required to perform
various types of construction and hydraulic works. Jet
grouting technology for consolidating rocks is consid-
ered to be the one meeting European standards of adapt-
ability, efficiency and environmental friendliness. The
main principle lies in the simultaneous destruction and
mixing of dispersed rocks with high-pressure jets of
grouting mixture, followed by the hardening of newly
formed mortar and rock structures. In this case as the
grouting quality is obvious to depend on the physical
and mechanical properties of applied cement mixtures,
its improvement is a very urgent task. Nowadays, mag-
netic treatment of liquid medium is commonly used in
various industries and technological processes. This ar-
ticle discusses the use of magnetic treatment to intensify
the processes of rock jet grouting. The problem of
changing physical and mechanical properties of grout
mixtures activated by magnetic field was investigated in
this study.

Analysis of recent research and publications. The re-
sults of research carried out by a great number of promi-
nent scientists served as the background for studying
magnetic field impact on physical and chemical pro-
cesses occurring while strengthening weak water-bear-
ing rocks during mining works. At different periods the
problem of magnetic field impact on water systems was
studied by such scientists as V.1. Klassen, N. F. Bonda-
renko, E.Z.Gak, Y.B. Osipov et al. Jet grouting tech-
nology uses cement as the main component for grouting
mixtures that can be referred to a wide class of aqueous
systems due to their low water-cement ratio (W/C = 1).
Applying magnetic water treatment for gauging in con-
crete manufacture is slow down because of a small effect
and low effectiveness in comparison with other methods
used for process improvement [1]. On the other hand,
there is a great number of examples to prove the possi-
bility of achieving significant effectiveness of the mag-
netic gauging water treatment in the production of con-
crete and other products based on other cementitious
materials (hemihydrate gypsum, fly ash, slag, etc.) [2].

All of the aforesaid served as a foundation to carry
out research dealing with intensifying the processes of
dispersed rocks jet grouting with the help of magnetic
treatment used for these hardening grouting mixtures
based on cement content.

Unsolved aspects of the problem. Magnetic water
treatment and hydrologic systems are of particular inter-
est in terms of their application in the mining industry.
Such features as significant quality growth of the con-

crete lining of mine workings resulted due to using mag-
netized water, decreasing dust formation during coal
destruction processes, preventing from pipe wall scaling
of mine drainage installations and local steam boilers,
increasing grades of coal and ore beneficiation should be
listed as promising.

However, such problem as magnetic treatment im-
pact on cement mixtures with low (1/1) water-cement
ratio has never been considered. In particular, such mix-
tures are used in rocks jet grouting. All of the aforesaid
served as a foundation to carry out research dealing with
intensifying the processes of dispersed rocks jet grouting
with the help of magnetic treatment used for these hard-
ening mixtures on cement basis.

Objectives of the article. It is proposed to improve
the physical properties of cement mixture by the mag-
netic treatment followed by improving the quality of
rocks jet grouting. It is required to identify conformities
of changing such physical and mechanical properties as
density, viscosity, starting and ending time points of ce-
menting process, uniaxial compression strength, etc.
with processing parameters in a magnetic field and de-
termine rational parameters of magnetic treatment of
cement mixtures based on obtained results.

Presentation of the main research. Grout mixtures
with a low water-cement ratio can be referred to the type
of dispersed lyophobic colloids as the cohesive energy
within the dispersed phase is considerably higher than
the interphase energy, and an entropy factor does not
compensate this difference. The arrangement of the dis-
persed colloids between the particles and the medium of
active phase division boundary having a certain value of
the surface tension is considered to be the main feature.
Dispersed system stability depends on the ion distribu-
tion around colloidal particles. Dispersed system stabil-
ity (coagulation rate) depends on the sign and magni-
tude of the interaction total energy stipulated by the ad-
dition of ion-electric repulsion energy and attraction
energy of van der Waals-London. Let’s consider the
process of particle coagulation of dispersed suspension.

Any of the interacting particles may be considered as
a collector where coagulation occurs. Let the energy of
particle interaction and the collector be U(y), where y =
=r—2Re is the distance between the particle surface and
the collector, R is a particle radius; r is the distance from
the particle center to the collector. Then, proceed from
the work of Deryagin B.V. a steady flow of particles to
the collector can be represented in such a way

J =4n-r2(1)e@+id—U],

1)
dr pn, dr (

where D, is a coefficient of mutual diffusion of particles;
n is a particle concentration, m™; y, is a hydrodynamic
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resistance to particle convergence being equal to the ra-
tio of the resistance to the particle velocity, N - s; Uis the
interaction energy of the particle and the collector, J; is
the distance from the particle center to the collector, m.
Assuming that the values of D, and p, are constant
throughout the time of particle convergence and p, =
= ug = 6mnR is Stokes formula where n is medium vis-
cosity, the constraint definitely describing aerosol co-
agulation processes will be obtained. To describe coagu-
lation processes in liquid medium having considerable
viscosity, Einstein relation is required to apply

uD,=kT=0,

where p,= p,(r) = pg- B(r/R) is hydrodynamic resistance
to the particle convergence for viscous fluid, N - s; B(#/R)
is a function that depends on the particle size and the
distance between them; § = | when 7> Rand B — oo at
r—2R.

Let’s make the change of variables: S = y/R, y =
=r—2Rand select a function B(.5) of the following form:
B(S)=1+1/2S.

Then, the solution of equation (1) must satisfy the
following boundary conditions:

1) n = nywhere r — oo;

2) n =0 where r — 2R.

Recon that U(e) =0, we get

n(r) =exp(-U(r)/0)- {no —4% j “fr (zr) exp(U(r)/0)dr |.

From the second boundary condition we obtain

J =8nDyn, R / | ( 5(3)2 exp(U(S)/0)ds,
0

where D, =6/6nnR is a diffusion coefficient of a solitary
particle.
Flow amount can be written as

J:JSm/VV:

where Jg,, = 16nDyRn, is the flow amount set by Smo-
luchowski excluding the hydrodynamic particle interac-
tion, assuming that p = 1 and U= 0; Wis a coagulation
delay factor determined as follows

o[BS
w=2 g 5127 exp(U(S)/0)dS. )

The value W rises sharply with potential barrier
growth between the particles and slumps with a de-
crease of the latter [3]. Asymptotic integral estimation
done by the method of steepest descent (2) gives the
following

~ 270 ' B(S,) .
WNZJ—U”(S,,,) (S, +2)? exp(U(S,)/0),  (3)

where the value of §,, corresponds to the maximum en-
ergy — U(Sm) = UmaX'

For aqueous colloidal mixtures according to Dery-
agin B. V. it looks as
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where A is Hamaker constant.
Substituting (4) into (3) we get

/4 =% 3nj'm9 -exp(Umax/O).

A magnetic field disrupts the energy barrier between
the particles, changes the maximum energy value of in-
teraction between them and thus, accelerates the coagu-
lation process. In addition, the magnetic field acts on
the colloidal particles of ferromagnetic impurities.
Grouting mixtures are referred to weak magnetic sus-
pensions because of containing mainly non-magnetic
materials with a small admixture of ferromagnetic sub-
stances. A permanent magnetic moment of substance
atoms does not depend on the external magnetic field
and has a magnitude order as ~ 1072 J/Vb/m>.

The ionic medium composition changes in the case
of injecting iron admixtures into the liquid fluid and
magnetic fields having a possible great effect on nearby
water are formed around the magnetized ferromagnetic
and paramagnetic particles. Colloidal charged micelles
adsorb ions from the mixture and can serve as crystalli-
zation centers. Reactions are followed by forming a fer-
romagnetic product from non-ferromagnetic materials.
(According to Bgatnagara’ rule a magnetic field shifts a
chemical reaction equilibrium towards the formation of
substances with higher values of magnetic susceptibili-
ty). The energy of magnetic dipole particle interaction
should be taken into account provided its commensura-
bility with thermal motion energy.

Under conditions of the colloidal mixture charged
particles are affected by two types of fields having impact
on particle distribution: a proper particle field and do-
main boundary leakage field. A proper particle field fos-
ters particle coagulation, wherein the particles in the ag-
gregates are oriented to enclose a magnetic field. It
means that an aggregate magnetic moment is less than
the magnetic moments of the unit constituents. Accord-
ing to Kittel, the magnetic coagulation condition is as
follows

wH > 3kT,

where p is medium magnetic permeability; H is mag-
netic field strength A/m; k is Boltzmann constant, J/K;
Tis temperature, K.

The orientation of particle magnetic moments in
suspensions under the magnetic field action as well as
multidomain particle magnetization lead to full magne-
tization of paramagnetic dispersed system. Room tem-
perature and weak external fields are favorable for the
condition P, H <« kT and then the medium magnetiza-
tion is defined as

2
i — PmnOH'O g
kT
where P,, is a permanent magnetic moment of substance
atoms (molecules); J/Wb/m?; k is Boltzmann constant,

J/K; Tistemperature, K; p is medium permeability; H
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is magnetic field strength, A/m; n, is a particle number
per unit volume, m>.
Volumetric energy density of a non-ferromagnetic

magnetized medium is as follows

-1)-H?
O=H, %;
where p is substance permeability; p, is magnetic vacu-
um permeability, H/m.
Then, the magnetic field energy is as follows

., (u=D-H?
O
0

w-D-H* 4

dV =p, 5 3V

where r is the average distance between two coagulating
particles, m.

Thus, the energy of the magnetic field impact causes
the maximum energy value of particle interaction to be
changed, and the total system energy will be and, taking
into account the magnetic field, a coagulation stability
factor will be as follows

w :%\/ 3“jm9 exp((U,0 ~W,,)/0).

As a result, the value of the steady particle flow to the
collector is

J = Joexp(W,,/26),

where J; is the flow rate without considering the mag-
netic field impact.

Thus, disperse particles are coagulated in the mag-
netic field to reach the size corresponding to the critical
size of grown nucleation centers. Estimated acceleration
of coagulation process is calculated based on average
conditions and experimental data and looks like J =
=~ 1.05- J,— 1.17 - J,. It is the magnetic field to accelerate
coagulation processes on average by about 11 %. Resid-
ual magnetic treatment effect is explained by the fact
that removing the magnetic field does not terminate the
coagulation process.

Thus, the magnetic treatment of grouting mixtures
should significantly alter physical and mechanical prop-
erties of obtained cement stone. Applying the magnetic

Fig. 1. General view of the experimental installation:

field to activate cementing mixtures in the jet grouting
technology of dispersed rocks will significantly improve
the quality of their grouting. Applying the magnetic field
to affect on fixing mixtures can control the processes of
physical and chemical grouting of dispersed rocks.

Experimental studies of physical and mechanical
properties of grout mixtures activated by the magnetic
field were carried out to test the assumptions made be-
forehand. The research to determine the magnetic field
impact on the properties of fixing mixtures was carried
out at the experimental plant shown in Fig. 1. To create
the magnetic field required for the experiments, the so-
lenoid-type device forming a transverse magnetic field
with a high degree of uniformity in the interpolar space
having the size of 100 x 30 x 40 mm? was applied [3].

Two ways of effecting electromagnetic fields on
physical and mechanical properties of grout mixtures
have been considered. They can be listed as the follow-
ing:

1) electromagnetic water treatment for fixing mix-
ture gauging;

2) magnetic treatment of grout slurry.

In future work prepared grout slurries will be referred
to as type 1 and type 2 slurries, respectively.

While carrying out experimental work the following
parameters have been changed:

a) magnetic field induction from 0 to 0.67 in incre-
ments of 0.06 7'by regulating current intensity in the unit
from 0 to 24 in increments of 0.2A4;

b) liquid medium velocity in the magnetic field by
adjusting the pressure in the tank by a compressor from
0 to 5 atmospheres.

Slurries of types 1 and 2 as well as obtained cement
stone were subjected to the following tests:

1. Determining consolidating time and hardening
rate of the studied cementing slurries with Wick needle.

2. Measuring uniaxial compression strength of a ce-
ment stone of consolidated cementing slurries.

3. Investigating thin cement stone sections by elec-
tron microscope scanning.

All experiments were performed at least three times
and average values were taken as valid. Liquid medium
rate in a magnetic field was taken as a constant value

1 — a magnetic device; 2 — a laboratory transformer to regulate current intensity in a magnetic device; 3 — a plastic pipe; 4 —
a compressor; 5 — a gauge; 6 — a fluid reservoir; 7— a measuring tank
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within the framework of one experiment. An average
fluid velocity in a magnetic field was determined by its
consumption

u=0/S-1,

where Q is water flow, m?; S is a tube sectional area, m
tistime, s.

The experiments were carried out with slurries based
on the cement grade of M-400. To obtain the slurry the
ratio of water to cement was taken as 1 : 1, while its den-
sity was p = 1,500 kg/m?. Let us consider more deeply
the results of the experimental studies.

The strength and structure of the cement stone are
the final results of the cementation process. Cementa-
tion terms of grout mixture characterize the beginning
and ending of transforming the slurry into a solid sub-
stance. Standard consistency of cement paste and ce-
mentation terms were determined by means of Wick de-
vice.

The dynamics of hardening all samples is well ap-
proximated by a function of the form

h=A-exp(-\ -7,

where 4 is fall depth of Wick needle, mm; 7 is time start-
ing from gauging moment, h; A, A are approximation
coefficients.

The dependence of grout mixture cementation dy-
namics on magnetic treatment parameters is shown in
Fig. 2. Correlation coefficients between the values of the
fall depth of Wick needle and the time elapsed after slur-
ry gauging range from —0.97 to —0.99.

Resistance tests of the cement stone prepared from
slurries of types 1 and 2 to uniaxial compression strength
were performed on the 28" day after gauging. The ob-
tained results showed that the dependence of the cement
stone strength on the magnetic field induction has a sig-
nified extreme feature, and moreover, maximum values
for any water flow velocity in the magnetic field are
achieved when the magnetic field is B = 0.36 Tesla. The
results of the research are shown in Fig. 3. As can be
seen from Fig. 3 changing the magnetic induction field
from to T results in increasing the values of the cement
stone resistance to uniaxial compression, and for the
case 7 they reach their maximum values for all consid-
ered water flow velocities in the magnetic field. Further
increase of magnetic field induction up to 0.6 T'results in
decreasing uniaxial compression strength values, al-
though these values are still significantly higher
(6—76 %) than the values of the samples not subjected to
magnetic treatment.

2.
5

£ 35 P
§30 = —=a— — type 1 slurries ;
g - 3 —e— — type 2 slurries;
5 20 N, — . .
S s '\\l | —>— — slurries without
§ 10 p— —] magnetic treatment.
= 5

0

16 18 20 2 24
Time, h

Fig. 2. The dependence of grout mixture cementation dy-
namics on magnetic treatment parameters
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The study of physical and mechanical properties of
the cement stone prepared from the grout slurries of
type 2 indicated that dependence of uniaxial compres-
sion strength on the magnetic field is similar to the de-
pendence for the samples obtained from the grout slur-
ries of type 1. It means that despite an extreme character
this dependence is a bit smoother. For greater clarity,
the curves of dependence of uniaxial compression
strength on the magnetic field induction for different ve-
locities of cement slurry movement in the magnetic field
are presented in Fig. 4.

As can be seen from Fig. 4 changing the magnetic
induction field from 0 to 0.36 7 results in increasing the
values of the cement stone resistance to uniaxial com-
pression by 2.6—2.6 times, and for the case B = 0.36T
they reach their maximum values for all considered wa-
ter flow velocities in the magnetic field. Further increase
of the magnetic field induction up to 0.6 7 results in de-
creasing uniaxial compression strength values.

The dependence of ultimate uniaxial compression
strength value of the cement stone both for the samples
obtained from the slurries of type 1 and type 2 on the
magnetic field induction at the last change from 0 to
0.6 T'is well approximated by the expression

G, =0y +k- B> -exp(-- B),

where B is magnetic induction, T; o, is fracture pressure
in the case of magnetic treatment failure, Pa; k, / is ap-
proximation coefficients.

Additionally, after having kept the control samples of
the cement stone in a desiccator in a wet-air environ-
ment for one year, the uniaxial compressive strength was

45

40 I
o] ‘\|
535 I\'\. —e— —v=5.10m/s;
I TRy e v=a0s s
&0 /' —o— —v=275m/s;
g =S ~025m/
ﬁ \C\‘ —e— —V=0U. m/s.

20 :

15

0 0.12 0.24 0.36 0.48 0.60

Magnetic induction, T

Fig. 3. The dependence of the resistance of cement stone
samples obtained from the grout slurries of the type 1
to uniaxial compression on the magnetic field induc-

tion

45
o 40 —y
E 35 /3/“\5\'.\‘\ —o— —v=0.05 m/s,
< 2 /0//././. — ‘\‘\‘, —a— —v=0.62m/s;
gﬂ 7 L —e— —v=1.79m/s;
S 25
= —8— —v=255m/s
2 2 //'/ /

15

0 0.12 0.24 036 048  0.60
Magnetic induction, T

Fig. 4. The dependence of the resistance of cement stone
samples obtained from the cement slurries of the type 2
to uniaxial compression on the magnetic field induction
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tested. The strength for the slurries of types 1 and 2 was
46.59 and 44.07 MPa correspondingly, and the strength
of untreated solutions was 22.04 MPa. The obtained in-
crease of the cement stone strength remained the same
in the course of the time.

The next stage of research was to investigate thin sec-
tions made from the cement stone obtained from the
slurries of types 1 and 2.

Studies of the thin sections were carried out in re-
flected light at 600-fold magnification under an optical
microscope. The analysis of the thin sections prepared
from the cement stone of the slurries of type 1 showed
the increase of grain number and the decrease of the ce-
ment mineral grain size (5.5 microns) compared with
the sample not been subjected to magnetic treatment
(20 microns). Accordingly, such changes as surface po-
rosity decrease (from 30 to 8 %), packing density in-
crease and improvement of grain cementation quality
were observed. Besides, it was noted that the maximum
strength corresponds to the minimum surface porosity
and the minimum size of the grains of cement minerals.
The analysis of the thin sections made from the cement
stone of the slurries of type 2 demonstrated an increase
of grain number and decrease of the grain size of cement
minerals (up to 5.5 mm) compared with the samples not
subjected to the magnetic treatment (20 microns). Ac-
cordingly, such changes as surface porosity reduction
(from 26 to 6.5 %), packing density increase and im-
provement of grain cementation quality were observed.
Moreover, as in the first case, it was noted that the max-
imum strength corresponds to the minimal surface po-
rosity and minimum grain size of cement minerals. Mi-
croscopic studies have demonstrated that optimal values
of velocity and magnetic field induction, i.e. the maxi-
mum values of uniaxial compression strength and den-
sity, as well as minimum values of the structural viscos-
ity correspond to the minimum size of microcrystals of
cement and pores. This can be explained by the fact that
the magnetic treatment creates conditions for the occur-
rence of crystallization and structure formation process-

es in a denser mass of cementing material. Studies were
carried out in reflected light at 600 times magnification
and provided only a qualitative assessment of the sam-
ples. To get more accurate findings a further study using
a scanning electron microscope was required.

The study of proposed samples was carried by using
a focused-beam electron microscope with possibility to
provide X-ray microanalysis with the help of REMMA
202-M. Fig. 5 demonstrates the pictures of the cement
stone surface obtained from magnetized and non-mag-
netized slurries by increasing the order by 1300 times.

Picture analysis showed that the fracture topography
of the cement stone obtained from the slurry not pro-
cessed in a magnetic field is uneven. It has large and
clean fracture; high porosity and cement particles are
generally of an elongated shape. Studying the pictures of
the cement stone prepared from the slurry of type 2
demonstrates that the fracture has the tendency to ob-
tain a fine-cellular structure, particles have a rounded
shape, the surface relief is much flattened and the mean
grain size of the cement minerals is about 3.5—4 times
less than the previous one (Fig. 6).

As can be seen from Fig. 6, magnetic treatment actu-
ally decreases the grain size by 3.5—4 times. Sample
variance while analyzing a grain size for magnetized so-
lution is 2.12, and for solution not subjected to the mag-
netic treatment it equals 23.24. A standard deviation was
respectively 1.46 and 4.82.

Carried out research allowed making some general
conclusions. It was found that the dependence of the
uniaxial compression strength on the average surface
porosity is linear, and the dependence of the uniaxial
compression strength on medium-sized cement mineral
grains is well approximated by the following formula

c,=C-d°,

where d is the average grain size of cement minerals, mi-
crons; C, a are approximating coefficients.

Thus, based on the aforesaid we can draw the follow-
ing conclusions:

Fig. 5. Pictures of the cement stone surface obtained with a scanning electron microscope:
a — obtained from magnetized (B=0.36T, v=1.79 m/s); b — obtained from a slurry not subjected to the magnetic treatment

10
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Fig. 6. Grain distribution in terms of their size in the cement stone samples:
a — obtained from two types of slurries; b — obtained from the slurry not processed in the magnetic field

1. The magnetic field affects the ions presented in the
liquid medium, and increases the number of crystalliza-
tion grains, resulting in a fine-grained, low-porosity
structure with better filtration properties and strength. For
the first time the analysis of the processes of magnetic
field impact on the dispersion-colloidal systems allowed
to consider a magnetic field effect on accelerating coagu-
lation processes, and demonstrated that the magnetic
field accelerates coagulation processes in average by 10 %.

2. Magnetic field treatment decreases the initial ce-
mentation time: for slurries of type 1 by 2—4 %, for slur-
ries of type 2 by 6—10 %.

3. The time of final cementation is reduced and for
slurries of type 1 is 32—33 hours, and for slurries of type
2 is 30—31 hours, thus is 3—6 and 9—12 % is lower, re-
spectively, than for slurries not processed by the mag-
netic field.

4. Structural viscosity of cement slurries due to mag-
netic treatment is reduced by 5—16 % for slurries of type
1 and by 8—24 % for slurries of type 2.

5. The dependence of the uniaxial compression
strength of the cement stone obtained from the slurries
activated by the magnetic field on the magnetic field in-
duction when the latter varies from 0 to 0.6 7 is extreme
and can be approximated by the expression 6, = o, + k x
x B> . exp(~I- B).

6. The optimal value of magnetic field induction is
specified where B=0.36T. This value features the mini-
mum setting and hardening time for types of slurries 1
and 2 as well as their viscosity, maximum strength and
density of the obtained cement stone.

7. The optimal fluid processing velocity in the mag-
netic field is determined. Its value is 4.08 m/s for water
and 1.79 m/s is for the grout slurry

8. By analyzing the pictures obtained with the help of
a scanning electron microscope REMMA M-202, it was
established that the magnetic treatment affects the shape
and size of the cement mineral grains. The grains be-
come more rounded, and their size is reduced by 3.5—
4 times in average. The dependence of the uniaxial com-
pression strength on the average grain size of the cement
minerals follows a power law.

Based on the experimental results it can be conclud-
ed that while preparing cementing slurries direct mag-
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netic treatment is more preferable than water treatment
in the magnetic field, as it provides a greater strength to
a fixed element and besides, is easier to perform from
technological point of view. Therefore, for industrial use
activating direct grout mixtures in the magnetic field is
proposed. These experiments give the possibility to jus-
tify the parameters of intensification processes of rocks
jet grouting under magnetic treatment of cementing
slurries and improve the technology of working opera-
tions.

The effect of the cement slurries properties on the
efficiency of rock consolidation can be assessed by mod-
eling the stress-strain state of a fortified object. In par-
ticular, jet technologies are effective in strengthening
natural slopes. Estimation of their stability is carried out
by the finite element method, in which the properties of
fixing materials can be taken into account [4, 5].
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Meta. OOrpyHTYBaHHS TTapaMeTpiB 0OpOOKHU B IMO-

CTITHOMY MarHiTHOMY IOJIi IEMEHTHUX PO3UMHIB, SIKi
3aCTOCOBYIOTBHCSI MPU 3aKPIIJIEHHI CIIA0KUX AMCIIepC-
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PO3POBKA POAOBULL KOPUCHNX KOMAJIUH

HUX TIOPill BUCOKOHAIMIPHUMU CTPYMEHSIMU ITUX PO3-
YUHIB, 110 3a0e3Meuye MiABUILLIEHHSI €EKOHOMIYHOCTI i
TEXHOJIOTIYHOCTI BUKOHYBAHUX POOIT.

Metoauka. MeTOm0JIOTIYHOIO OCHOBOK BMPIIIIEH-
HS NOCTaBJIEHOIO 3aBIaHHSI € KOMIUIEKCHUI Miaxin,
1110 BKJIIOYAE TEOPETUYHI Ta eKCIIEpUMEHTaJIbHi 10CITi-
IkKeHHs. Po3risiHyTa Teopist Koaryssiii Ta BIUTMBY Ha
iOHHI ¥ JUCIepCHiI CUCTEMM TOCTIHHOTO MarHiTHOro
MoJig ToKa3aja MOXJIMBICTh 3aCTOCYBaHHSI BIUIMBY
MarHiTHUM MoJIeM Ha LIEMEHTHiI pO3YMHU 3 HEBUCOKUM
BOJOLIEMEHTHUM cCIiBBifHOWEHHAM. [Ticis yoro Oynu
MpoBeleHI 1abopaTOpHi MOCTIMIKEeHHS (i3uKo-Mexa-
HIYHUX TTapaMEeTPiB SIK CaMUX PO3UMHIB, TaK i OTpuMa-
HOTO 3 HMX IIEMEHTHOTO KaMeHI0. YCi eKCITepUMEHTH
TIOBTOPIOBAJIACS Bif 3 10 5 pa3iB, pe3yIbTaTy 00po0Is-
mmcsg Ha EOM cydyacHUMU CTaTUCTUYHUMM 3aCO0aAMMU.
JIist BCix 3a/iesKHOCTE 3HAXOAUIUCS KOe(illiEHTH KO-
peJisiii, anpokcuMyiodi opmyu i KoedillieHTH 10-
CTOBIPHOCTI anpoKCHUMaLIii.

Pe3yabrat. BukoHaHi ekcnepuMeHTanabHi J0CIi-
JIDKEHHSI 103BOJIMJIM 3HAMTU TaKi peXkKMMU 0OpOOKU 1ie-
MEHTHMX PO3YMHIB y TOCTIHHOMY MarHiTHOMY IOJi, 3a
SIKUX MaKCUMaJIbHO MOJIMIIYIOThCSI Taki iX BIacTU-
BOCTI:

1. Yac moyaTKy i 3aKiHYEHHSI Ty>KaBJIECHHS Ta 3a-
TaJIBHUI Yac HAOOpy MIITHOCTI (B ONTHMMAaJIbHOMY BH-
MaJaKy yac TBEPAiHHS 3MEHIIyeThes Ha 12 %, 1110 103BO-
JINTb CKOPOTUTHU TEPMIiHM POOIT i3 3aKPITlJICHHS MTOPiN).

2. MilHicTh HA OJHOBICHE CTUCHEHHS 3pa3KiB 1ie-
MEHTHOI'0 KaMEHIO MPH Pi3HUX criocobax i mapaMeTpax
MarHiTHOiI 0OpPOOKM BMXiZHUX PO3UYMHIB alpOKCUMY-
€TbCSI TOOYTKOM EKCIIOHEHTU U CTerneHeBoi (PyHKILii
BiJl BEIMUMHU iHAYKIIi1 MATHITHOTO MMOJIs, 3 KoeilieH-
TOM JIOCTOBipHOCTi ampokcumartiii 0,94. 3anexHicTb
eKcTpeMajibHa Ta Ma€ BUPAXKEHUI MaKCUMYM TpU iH-
JyKUii MmarHitHoro nojist B= 0,36 To.

HaykoBa HoBu3Ha. [lojisirae B TOMy, IO BIEpIIe
BpaxoBaHO BIUIMB 3aJIMIITKOBOI HaMarHiueHocCTi Hede-
POMAarHiTHOI pe4OBUHU Ha IIPUCKOPEHHSI IIPOLIECiB KO-
aryJisiiii lIeMeHTHUX PO34YMHiB. Y Xoai poOOTHU BCTa-
HOBJIEHI 3aJIe3KHOCTi 3MiHM Yacy CXOTUTIOBaHHSI i TBep-
IIHHS, a TaKoX MIIIHOCTI Ha OJHOBICHE CTUCHEHHS
LIEMEHTHOTO KaMEHIO 3 HUX YTBOPEHOTO, Bill Mmapame-
TPiB 0OPOOKH IIMX PO3UMHIB Y IMOCTIHHOMY MarHiTHOMY
noJii (Mpu 3MiHi iHAYKIii MAarHITHOTO MOJIs Ta IIBUIKO-
CTi piiMHU B pOOOYOMY MPOCTOPi MArHiTHOTO ara-
pary).

IIpakTuuna 3HaummicTs. [lossirae y BCTaHOBJIEHHI
3aKOHOMIpHOCTEM BIUIMBY iHAYKIii MOCTiAHOrO mar-
HITHOTO MOJIsI Ta IIBUIKOCTI PYXy PiIMHU B POOOYOMY
TIPOCTOPi MarHITHOTO amnapaTy Ha JesKi (pi3nKo-Mexa-
HIYHI BJIACTUBOCTI LIEMEHTHUX PO34YMHIB i IEMEHTHOTO
KaMeHIO, OJepKYBAaHOTO 3 HUX ITiC/ISI 3aTBEpHiHHS.
IIpoBeneHi excriepyuMeHTabHi JOCTIIXEHHSI J03BO-
JIWJIM BUSIBUTU ONTUMAaJbHI MapameTpu IS TIOJiI-
ILIEHHS LIMX BJIACTMBOCTEH, 10 MPU 3aCTOCYBaHHI 10
CTPYMEHEBOI TEXHOJIOTil Ja€ MOXJIMBICTb iCTOTHO i1
BIOCKOHAJIUTU. MOXJIMBO 3MEHIIUTU BUTPATY LIEMEH-
Ty TpU 30€peXeHHi 3aJaHOi MILHOCTI 3aKpilIeHHS,
ab0 30UIbLIMTU MIlLIHICTh 3aKpillJIEeHHSI, 3a TaKol X
KIIBKOCTI 3aKPiTUIIOI0YOro PO3UMHY.
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KimouoBi cioBa: indykuyis maeHimnoeo noas, macHim-
Ha 00pobKa, cmpymeHeea mexHoA02is 3aKpIinAeHHs, Uue-
MEeHMHI pO34UHU

ean. O6ocHOBaHUE MTapaMeTPOB OOPaOOTKHU B IMO-
CTOSTHHOM MAarHUTHOM TIOJIe IIeMEHTHBIX PacTBOPOB,
MIPUMEHSIEMBIX IIPH 3aKPETUICHUH CIA0BIX TUCTICPCHBIX
ITOPOJI BHICOKOHATIOPHBIMU CTPYSIMU 3THUX PaCTBOPOB,
YTO 00ECIeUYrBAeT ITOBBIINICHUE SKOHOMUYHOCTH U
TEXHOJIOTUYHOCTH BBHITIOJTHSIEMBIX PaOOT.

Metoauka. MeToI0JIOrM4eCcKOii OCHOBOM pelleHUs
TMOCTABJICHHOW 3a1a4u SBJISETCS KOMIUIEKCHBINA MO/ -
XOI, BKJIIOYAIOUIMI TeOpeTUYeCcKue W IKCIEPUMEH-
TaJbHbIe MCCIeoBaHMsI. PaccMoTpeHHast Teopust Koa-
TYJISILIMY Y BIUSTHASI HA MOHHBIE U TUCIIEPCHBIE CUCTE-
MBI TTOCTOSTHHOTO MAarHUTHOTO IIOJII ToKa3aja BO3-
MOXHOCTh TIPUMCHEHUS BO3ICHCTBUS MAaTHUTHBIM
ITOJIeM Ha IIEMEHTHBIE PACTBOPHI ¢ HEBEICOKMM BOIO-
LIEMEHTHBIM COOTHOIIeHUeM. Ilocie yero ObutH mpo-
BeICHBI JJaOOpaTOPHBIC MCCIeIOBaHNS (DU3NKO-MeXa-
HUYECKUX ITapaMeTPOB KaK CaMMX pacTBOpPOB, TaK U
MOJYYEHHOTO 13 HUX 1IIEMEHTHOTO KaMHs. Bce akcme-
PUMEHTHI TOBTOPSUIMCH OT 3 10 5 pa3, pe3ysbTaThl 00-
pabarbiBairch Ha ODBM coBpeMeHHBIMU CTaTUCTUYEC-
CKUMU cpeAcTBaMU. [T BceX 3aBUCUMOCTE HaXoIu-
JINCH KO3(MOUIIMEHTH KOPPEIISIIIAH, allITPOKCUMUPYIO-
mue GopMyJibl U KO3(OULIMEHTHI JOCTOBEPHOCTH arl-
MIPOKCHUMAIIHH.

Pe3ynbTaThl. BeImoTHEHHBIE SKCIICpUMEHTATBHEIC
HCCIIEI0BAaHMS TO3BOJMIN HAWTU TaKHUe PEKUMBI 00-
pPabOTKM IIEMEHTHBIX PACTBOPOB B ITOCTOSTHHOM Mar-
HUTHOM IIOJIe, TIPM KOTOPBIX MaKCUMAJIbHO YIIydIlla-
IOTCS CIEAYIOIINE UX CBOMCTBA:

1. Bpems1 Hauana ¥ KOHIIA CXBaThIBaHUS U 0OIIee
BpeMsi Habopa MPOYHOCTU (B ONTUMAJIBHOM Ccllydyae
BpeMsI TBepICHUsI yMeHbIaeTcd Ha 12 %, 4To 1o3BO-
JIUT COKPATUTh CPOKHU PabOT MO 3aKPeIICHUIO TTOPO).

2. [IpoyHOCTH HAa OTHOOCHOE CXaTHe 00pa3IioB 1ie-
MEHTHOT'O KaMHS IPU Pa3IMYHBIX CITOCOOAX 1 TTapaMe-
Tpax MarHUTHOI 00pabOTKM MCXOTHBIX PACTBOPOB arl-
IIPOKCUMUPYETCS MIPON3BEeIeHNEM 3KCIIOHEHTHI U CTe-
TMeHHOM (QYHKIINY OT BeJIMUMHBI UHIYKIIUY MAaTHUTHO-
TO ToJIs, ¢ KO3(MOUIIMEHTOM JOCTOBEPHOCTHU aIIIPOK-
cumanmu 0,94. 3aBUCHMOCTDb 3KCTpeMajibHa U UMEET
BBIPaXKEHHBINT MAKCUMYM MPU WHAYKIIMM MAarHUTHOTO
noast B=0,36 Ta.

Hayunas HoBu3zHa. COCTOUT B TOM, YTO BII€PBbIC yU-
TEHO BJIMSIHME OCTaTOYHOI HaMarHWUYEHHOCTHU Hedep-
POMAarHUTHOIO BellIeCTBA Ha YCKOPEHUE ITPOLIECCOB
KOaryJISIINU IIEMEHTHBIX pacTBOpPOB. B xome paGoThI
YCTaHOBJICHBI 3aBUCHMOCTH WM3MEHEHHUsSI BpeMeHU
CXBaThIBAaHMSI M TBEpPACHMS, a TaKKe IPOYHOCTH Ha
OHOOCHOE CXKaTHe IIEMECHTHOTO KaMHs M3 HUX 00pa-
30BaHHOTO, OT ITapaMeTPOB O0OPAOOTKU 3TUX PACTBO-
POB B IIOCTOSTHHOM MarHUTHOM T10JIe (IIp1 U3MEHEHNH
WHIYKIIUY MAarHATHOTO TIOJISI M CKOPOCTHU SKUIKOCTH B
paboyeM MpOCTPaHCTBE MAarHUTHOTO arrapara).

IIpakTHyecKas 3HAYMMOCTH. 3aKJIIOYACTCS B yCTa-
HOBJICHUM 3aKOHOMEPHOCTE! BIUSHUS UHAYKIIUU T10-
CTOSIHHOTO MAarHWUTHOTO TOJISI U CKOPOCTU IBUKEHMSI
KMIKOCTU B paboyeM MpOCTPaHCTBE MarHUTHOIO arl-
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napata Ha HEKOTOpble (PU3UKO-MEXaHUYECKUE CBOW-
CTBAa LIEMEHTHBIX PAaCTBOPOB U LIEMEHTHOTO KaMHS,
MOoJIy4yaeMOoro U3 HUX nocjie TBepaeHus. [IpoBeneHHbie
9KCIIEPUMEHTAJIbHbIE UCCAEA0BAHUS TTO3BOJIMIN BbIs-
BUTb ONTUMAJIbHbIE MAPAMETPbl WIS YAYUYIIEHUS DTUX
CBOMCTB, YTO NMPUMEHUTEIBLHO K CTPYMHOM TEXHOJIO-
TMU TAa€T BO3MOXHOCTb CYIIIECTBEHHO €€ YCOBEPIIEH-
cTBOBaTh. BO3MOXHO yMEHBLIIUTL pacxol LieMeHTa
MpU COXPAaHEHUU 3aJJaHHOU MPOYHOCTHU 3aKPEIUICHUS,
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BIIJIUB TAPMOHIVMHUX KOJUBAHb HA CTPATYBAHHSA TPINIVHU
B IIOPOIHOMY MACHUBI

Purpose. The purpose is to improve, develop and generalize the criterion of a crack initiation taking into account
the simultaneous effect of the rock stress state and oscillatory processes. The influence of the oscillation amplitude-
frequency characteristics on the critical crack length has to be studied as well.

Methodology. The methodological basis of the problem solution is a comprehensive approach that includes the
mathematical analysis, numerical methods for solving transcendental equations, analysis of the results in the math-
ematical package Mathcad.

Findings. A crack initiation criterion has been developed considering both static stresses (tensile and compressive)
and dynamic stress in an elastic wave spreading in the rock mass. The critical length of the initiated crack is deter-
mined depending on oscillation amplitude and frequency, static stress and rock crack resistance. The abrupt change
in the critical crack length is defined as an indication of the dynamic rock failure. The values of oscillation frequency
provoking a decrease in the critical crack length and dynamic rock failure are determined for different rocks.

Originality. New approach is used to describe the rock destruction considering the elastic oscillations in the rock
mass. The criterion of a crack initiation has been generalized to consider the action of both tensile and compressive
stress near by the crack and harmonic stress in an elastic wave. So, based on a common time-space failure criterion,
we take into account the stress which is a sum of quasi-stationary and harmonic components. In this paper we focused
on the critical crack length that provokes the crack initiation. The influence of oscillation amplitude and frequency on
critical length altering has been estimated for different values of the crack resistance.

Practical value. The results obtained in the study of criterion crack initiation, can be used to improve the acoustic
forecast of gas-dynamic phenomena by the amplitude-frequency characteristics of oscillations. For this purpose, we
defined ranges of harmonic oscillation frequencies in some rocks (fine-grained sandstone, limestone, siltstone, coal)
in which the initiating of «short» cracks occurs. And we got the real conditions (for coal), in which a slight change in
the oscillation amplitude in the array of rocks leads to a jump in the length of the cracks.

Keywords: crack initiation, the amplitude, crack resistance, critical crack length

Introduction. Dynamic phenomena originating in
mines, such as outburst and rockburst have been known
for about 250 years. The problem of combating these
phenomena in coal mines has been relevant in Ukraine
for the past 85 years. The need to predict, prevent and
avoid the negative effects provides the development of
various methods focused on forecasting the outburst at
certain stage of mining. One of the ways to deal with the
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gas-dynamic phenomena is the diagnosis of the rock
stress-strain state and identification of the areas of po-
tentially hazardous emissions of coal, rock and gas. The
acoustic monitoring of a coal seam state as a source of a
gas-dynamic phenomena is an effective diagnosis meth-
od. It includes the following basic stages: the seam prob-
ing by artificial acoustic signal, receiving a part of signal
that passes through the stressed rock mass and subse-
quent analysis of the return signal. Based on this analy-
sis the conclusion concerning the rock mass state can be
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