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FLAT PROBLEM TO DETERMINE THE FORCES OF DESTRUCTION
OF PIECES IN DISINTEGRATORS WHILE BEING GRABBED IN THICK LAYER

Purpose. Research on analytical dependences of destructive stresses, acting on a piece of non-isometric shape at quasi-static
deformation of a relatively thick layer of rock mass in disintegrators, on parameters of the piece shape, the piece’s spatial orienta-
tion, also on the relative piece size in layer, taking into consideration the discrete nature of contact force application.

Methodology. The flat scheme of a non-isometric shaped piece contacts in a thick layer of rock mass is obtained by composi-
tion of the central rectangular piece and the round pieces of average size for the given layer. The distribution of stress components
in the layer of loose rock mass is accepted on the basis of the classical theory of elasticity and the theory of loose medium. The
geomechanics criterion showing relationship of equivalent destructive stress and ultimate compressive strength of rock is used as a
criterion of piece destruction in complex stress state. All force schemes of the piece loading are reduced to three-point bending
schemes and two-point shear schemes, both across the long and the short sides of the piece. The most dangerous loading scheme
is determined from the analysis of the mentioned schemes for each particular case. Dimensionless parameterization is applied both
to specify the geometric parameters of pieces and to analyze the resulting destructive stresses.

Findings. Analytical dependences of equivalent destructive stresses for an oblong piece are obtained depending on the piece
relative length, the relative piece size in the rock layer, the angle of piece orientation relative to the direction of the maximum main
stress and the side thrust coefficient in the layer. It has been set that lamellar pieces, especially those smaller than the average size
for the layer, are destroyed mainly from the implementation of bending schemes across the long side, the shape of their fragments
is improved by reducing the pieces’ relative length. Increasing the uniformity of the force field in the working zone of disintegrator
also leads to improvement in the shape of fragments. On the other hand, as the shape of the piece approaches the isometric one,
as well as when the piece relative size in layer raises, the probability of implementing shear schemes increases and the probability
of implementing bending schemes decreases, including with a deterioration in the fragments shape compared to the original piece.
At the same time, larger values of destructive stresses for the lamellar smaller pieces are proved analytically compared to the iso-
metric bigger ones, all other things being equal.

Originality. The versatility of application of the three-point bending scheme of a non-isometric shaped piece in combination
with the two-point scheme of its shear for analysis of its destruction in the thick layer of rock mass is substantiated. For the first
time, the dependences of equivalent destructive stresses for the non-isometric piece on its relative length, its relative size in layer,
the angle of deviation of the piece’s main axis from the main stress direction and on the side thrust coefficient in the layer have been
obtained.

Practical value. The results obtained allow making reasonable choice of parameters of disintegrators’ operational parts for de-
struction of materials in the thick layer, as well as predicting the change in lamellar pieces fraction during disintegration process.
They give the possibility to determine key parameters of operational parts for new designs of disintegrators. This creates the basis
for the development of calculation techniques for operational parts of modern samples of crushing and grinding equipment.
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Introduction. Disintegrators of various designs are used for
processing rock mass and technogenic rock raw materials [1].

Analysis of destruction features for pieces of rocks in op-
eration area is of particular interest when determining rational
parameters of operational parts of disintegrators. Usually, it is
necessary to establish a way for applying a load to material
from operational parts of a disintegrator for a given source ma-
terial, determine a sufficient level of destructive forces, and,
based on this, design an operational part.

In a broader sense, it is necessary to justify a promising de-
sign of a disintegrator by synthesizing a force field of such a con-
figuration, which is best suited for processing a given material.

Therefore, various models of rock pieces and models of
their loading are used for this.

Models of a single piece deformation between two rigid
operational surfaces are very common, which are relevant for
some types of crushers, for example, jaw crushers [2]. A com-
pression of an isometric piece is considered here when two
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plates located at an angle to each other approach each other.
The purpose of this is subsequent determination of a limiting
destructive force for a given piece size.

However, there are many other configurations of capturing
and destroying the pieces, especially deformation of pieces of
a non-isometric shape, destruction by shear and bending, de-
struction due to forces of inertia upon impact with a rigid bar-
rier, as well as the so-called “destruction in the layer”. In the
latter case, it is about a deformation of a relatively thick layer of
rock mass, when a piece size is noticeably smaller than a layer
thickness (hereinafter simply “thick layer”). Considering these
configurations makes it possible to simulate the physics of a
process of mass destruction of pieces more accurately and is
especially relevant for calculation models of new units of
crushing and grinding equipment.

In particular, destruction in a thick layer is typical for dis-
integrators operating with fine-grained and fine-dispersed
material, when it is impossible or undesirable to clamp mate-
rial with a thickness of one particle between the operational
surfaces. The literature describes the effects of a decrease in
lamellar particles in the output observed in this case and selec-
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tive destruction along the grain boundaries of various minerals
[3]. However, there is a scientific problem of establishing a de-
pendence between the influence of layer parameters and force
field parameters on characteristics of the obtained products,
which will allow effective control of the process.

Literature review. It is known that the quality of crushed
stone increases with a decrease in lamellar particle yield in the
output, in accordance with the standard DSTU B V.2.7-75-98.
In this regard, the disintegrators, which ensure the primary
destruction of specifically lamellar particles compared to iso-
metric ones, are more suitable for crushed stone production. It
is known that cone crushers with a special design of a crushing
chamber, in which loads are implemented in a multilayer mass
of pieces, for example, “Girodisk” [2], provide a lower output
of lamellar particles than traditional cone crushers, have an
increased degree of crushing and a reduced specific energy in-
tensity of the process. The explanation for this positive effect is
that when crushed in a thick layer, one piece is in contact with
several pieces surrounding it, instead of two operational sur-
faces when crushing in one layer using traditional crushers,
and a multiplicity of options for destruction planes to pass
through a piece ensures, at least, a better destruction of lamel-
lar particles.

It should be noted, that these effects are only described
qualitatively, without a detailed study on a mechanism of in-
fluence of a stress state in a thick layer on destruction of a piece
of a given (non-isometric) shape.

In this regard, there is a need for further study on the fol-
lowing aspects of the problem:

1) distribution of stresses in a layer of loose material;

2) criteria for destruction of pieces in a three-dimensional
stressed state;

3) justification of the most dangerous type of load for piec-
es (compression, shear, bending) for random piece orientation
relatively to an operational part of a disintegrator;

4) consideration of a discrete character of loading the piec-
es at several points in comparison with a continuous medium
model;

5) justification of a comparative level of destructive loads
for pieces of different sizes (selection function).

Movement of crushing elements of machines with quasi-
static action can almost always be reduced to compression of a
layer, optionally combined with application of transverse shear
forces. Presence of a shear increases the destruction efficiency
of pieces and reduces the energy consumption for crushing [3].

Configuration of a force field inside the operation zone of
disintegrators, limited by their operating surfaces, has a non-
uniform character and, under a purely compressive load, can
be determined in accordance with [4] by the following ex-
pression

O3 = &(805 G1)615 (l)

where ¢, is maximum main stress acting along the direction of
compression; 3 is minimum main stress acting in the trans-
verse direction; g, is the initial coefficient of layer porosity;
(&g, 0}) is side thrust coefficient.

The side thrust coefficient in loose material depends on
the coefficient of internal friction, which, in turn, depends on
a presence of moisture in the material [5], but consideration of
these issues is not the subject of this article.

In the presence of a shear load, external shear stresses ad-
ditionally act on opposite operating surfaces, usually equal in
magnitude and opposite in direction. In this case, components
of a stress state can also be reduced to the values o, and o5 in
accordance with the laws of elasticity theory, for example [6]
or [7]. Here equality (1) will be fulfilled, but the direction of ¢,
will no longer coincide with the direction of compression.

The paper [8] is of particular interest in terms of a fracture
criterion in relation to real rocks. This paper gives a relation of
equivalent destructive stress with parameters of complex stress
state and compressive strength of the material
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where R, is material compressive strength;  is the plasticity
coeflicient.

This criterion is deduced in conformity to a small element
of rock mass, located inside a fairly large massif. Based on this
criterion, an analysis, for example, of a crack initiation in a
rock mass is performed [9].

In a case when a space is filled with individual rock pieces,
even if they are densely packed, a stressed state of a piece can
no longer obey the laws of continuum mechanics. So, some
average piece of rock mass is characterized by a coordination
number, which is equal to the number of pieces that are in
contact with it. The densest packing can only be obtained by
filling a space with pieces of different sizes with a definite ratio
of their number, while a coordination number is large enough
and a load on a surface of a particular piece approaches the
load that is applied to an element of a continuous medium.
However, in reality, a number of contacts is small due to a
rather large layer porosity, so each contact acts as a stress con-
centrator, which makes it necessary to consider the discrete-
ness of load application to pieces.

In addition to the latter circumstance, the pieces also differ
significantly in size, so a stress level depends on a ratio of sizes
of the considered piece and pieces around it. The action of this
factor is called the “selection function” in the literature [10].

Unsolved aspects of the problem. Thus, it is necessary to
find a response to issues regarding the model representation of
geometry of a calculated piece, the distribution of stresses in a
layer, the model representations of application of a discrete
load to a piece, the determination of destructive stresses con-
sidering the selected fracture criterion, the size and shape of a
piece, the piece orientation relatively to directions of main
stresses, as well as the comparative probability of destruction
of a given piece in the thick layer of rock mass.

Main part. Scheme justification for piece bending in a thick
layer. In paper [11], the problems of bending with longitudinal
compression of elongated pieces in different types of force
fields, typical for roller and centrifugal disintegrators, are con-
sidered. It is shown that bending deformations lead to occur-
rence of destructive stresses several times greater than the
stresses during simple compression of a piece between two op-
erational surfaces. Dependences of equivalent destructive
stresses on a relative piece length are established

where the minimum, average and maximum dimensions of a
piece with corresponding values a, b and ¢ are previously des-
ignated.

Thus, for a case of deformation of a piece in the thick layer,
it is necessary to establish a mechanism for implementing a
force scheme associated with bending.

First, let us introduce basic assumptions for flat calcula-
tion schemes:

1) a deformable piece of rock mass has a rectangular shape,
determined by the thickness a and length c;

2) a piece is in contact only with pieces of average size for
a given layer, having shape of a circle of D,, diameter;

3) average-sized pieces are densely packed around the cen-
tral piece.

Selection of shapes of pieces must be described separately.

A considered rectangular piece shape, on the one hand,
makes it possible to take into account its real elongated shape,
and, on the other hand, is quite simple and convenient for
analysis. Shape complication does not make much sense due
to the diversity of a real geometry of pieces. A transition from
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the model to the real piece shape is performed using the filling
coefficient [11]

where Vis particle volume.

A round shape of an average-sized piece is chosen due to
the uniformity of a generatrix radius vector in all directions
and the absence of a need to consider the orientation of the
longitudinal axis of each average-sized piece in space, in order
to simplify the analysis.

In general, a composition of a rectangular piece surround-
ed by several round pieces simulates a satisfactory model of
relative position of pieces in a layer, whose main parameter,
from the point of view of the bending force scheme, is a dis-
tance between adjacent contacts of a considered piece. We will
compare the latter value with the piece dimensions.

Consider a three-point piece bending on the long side
(Fig. 1, a) for the case of layer compression along the x-axis,

EEERERRRRNINRERERRRENL
b

Fig. 1. Schemes of piece bending:
a — three-point; b — five-point

corresponding to the relative piece size in a layer A = 1, which
is determined by the expression

py—
D

av

Here, three middle pieces are involved in a deformation of
the central piece, having loading areas with the corresponding
lengths z;, 7, and z;

D
7 =2,= 2” ;
B= Duw

on which contact forces depend

—_ beDav .
n
— beDav

})3 s
n

A=p

where b is width along y-axis, which is equal for all pieces; # is
layer porosity of the deformed rock mass.

The maximum bending moment in this scheme is ob-
served in the cross-section of a piece along xy-plane and is
equal to

Mf max — PSDav — cS)CbDaVz A
’ 4 4n

(3)

It should be noted, that the scheme shown in Fig. 1, a, cor-
responds to the maximum possible bending moment under the
given conditions. If the contacts at the piece bottom are dis-
placed by an amount (c/2), so that there are two contacts at
the bottom, we obtain a completely symmetrical scheme with
zero bending moment. Thus, the whole variety of cases of
bending can be simplified to the case with a bending moment
M; ..x and to the case with zero bending moment, implement-
ed with a probability of //; each.

For a parameter value A = 2 we have a five-point bending
scheme (Fig. 1, b), where the following relations are true

L =4=

D=U=3= Dav;

— G.XbDﬂV .
n

P=p= =2
n

A=Ph

M = P400V — GXbDZV (4)
fomax g 4n

It can be concluded from expressions (3, 4) that the maxi-
mum bending moment is directly proportional to an axial stress
o,, to a square of the value D,,, and is inversely proportional to
a layer porosity #» and does not depend on a parameter A.

A seven-point bending scheme is considered similarly for
A =3, nine-point scheme for A = 4 etc., with the same conclu-
sions.

The case when A < 1, shown in Fig. 2 is of particular interest.

Here, contact forces from the first and second pieces of the
size D,,, same as in Fig. 1, a, are applied at particle corners,
but they have additional horizontal components P, . = P, _,
that do not contribute to creation of a bending moment. The
lengths of loading areas no longer depend on a value D,, and
are determined in the following way

==, 3=C

<
2
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Fig. 2. Three-point scheme of piece bending at \ < 1

Accordingly, we obtain the following

Plxzpzxzcxbc; g:cxbc;
’ ’ 2n n
M _ o, bc? 2 o bD? .
fomax = 4 4n

Thus, for a central piece of small size A < 1, the bending mo-
ment is also directly proportional to a square of a parameter A.

The most important conclusion from the analysis of
schemes discussed above is a possibility of reducing bending
schemes with any number of points to a three-point scheme,
the analysis of which is the main focus further on.

Three-point scheme of a piece destruction along xy-plane.
Fig. 3 indicates a generalized three-point calculation scheme
for a piece destruction along xy-plane (y-axis is perpendicular
to the figure plane) in an inhomogeneous force field for the
maximum possible horizontal displacement of contact forces
by a characteristic value (z, /2). This value is equal to half the

I ARRARN [T
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Fig. 3. Generalized three-point scheme of a piece destruction
along xy-plane

width of a central zone of a discrete load, which, in accordance
with the above considerations, is determined from the expres-

sion
e A<l 5
ST oasr )

av?

The location of a destruction plane is close to a real one,
since it passes through point A with the highest tensile stresses
for the piece upper plane, and also near the point of contact
C;, where the maximum tensile stresses occur for the piece’s
lower plane. This leads to a formation of surface cracks with
their subsequent development into the main crack, dividing
the piece into two parts.

In this case, we will ignore contact stresses in favor of non-
local strength criteria [12], in particular, using the fact that
dangerous tensile stresses from bending in a piece of rock
(point A), determined using the beam scheme, practically co-
incide with the ultimate strength for uniaxial tension of the
piece.

From a standpoint of continuum mechanics, normal
stresses are applied to the horizontal and vertical faces of a
piece o, and o, as well as the tangent stresses t, the angle of
deviation of the maximum main stress from x-axis is o.

From the condition of equality of the discrete and equiva-
lent continuous loads on the area z,, the relations are obtained

— GXbZX — szx . (6)
* ncosa, msina’
o, =arctan [:j (7)
X

Characteristic values in a piece loading diagrams (Fig. 3)
are as follows:
- transverse force

P tab P, tab
0, =—*coso, ——; Q,=—*cosa, +—;
2n n 2n n
- bending moment
tabz
Ml: 4x S = 4 x;
n
Pa . Pz tabz
M, =—=sina, +—=*cosa, ———>;
4n 4n 2n
a . Z
M, =——sina +—-*cosa,;
n
- longitudinal force
c.ab P. . c.ab P. .
N,=—*——"%gina,_; N,=——+-%sina,.
1 X 2 X
n 2n n 2n

The most dangerous point in the cross-section along xy-
plane is point A.

Stresses along z-axis near point A from the action of bend-
ing in combination with longitudinal compression:

- from the left
N M,
AL Ty
Xy V,Xy
- from the right
N, M
Con =
Xy V,.Xy

where W, , is section modulus of a piece relatively to y-axis in
xy-plane, which, considering the facts described in [11], for a
given shape of pieces is determined as follows
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F,, is a cross-sectional area of a piece

2/3 nab
Fy =k

Here, as in expression (2), tensile stresses have a “minus”
sign, and compressive stresses have a “plus” sign to simplify
the notation, since all equivalent destructive stresses are re-
duced to compressive strength of a rock.

For point A, the following relations are true

oy=0; t,=0,

therefore, the main stresses at point 4 have the form

G14=0Cy; ©34=0.

Equivalent destructive stress at point A for this calculation
case is determined considering (2)

Ceg = maX(GeA,L; GeA,R)'

Two-point scheme of a piece destruction along xy-plane.

A destruction scheme, considered in Fig. 3, is only one of
the possible variants of a force scheme, with the maximum
relative horizontal displacement of contact forces by the value
(z,/2). In this case, bending moment from vertical compo-
nents of contact forces also reaches the maximum, which is
important for pieces with a large relative length &_,.

When decreasing a parameter k,,, the influence of bending
is reduced in favor of a shear along the path between the con-
tact points on a piece surface. The shortest trajectory of shear
is at zero horizontal displacement of contact forces, which is
shown in Fig. 4. This corresponds to a two-point scheme of a
piece destruction along xy-plane.

Relations (5, 6, and 7) are also true here.

Characteristic values in a piece loading diagrams (Fig. 4)
are as follows:

- transverse force

i3}

@ o HIIHQI [T

g \

~

NI

[T

Fig. 4. Generalized two-point scheme of a piece destruction
along xy-plane

=

- bending moment

M, =BlGng -0,
2n 2n
- longitudinal force

c,ab
N,= Zn .

The highest tensile stresses on the piece upper plane are
observed near (to the right) of point C;, and on the lower
plane — near (to the left) of point C,. Therefore, the main
crack practically coincides with the cross-section C,C,, which
is considered to be the most dangerous.

The maximum horizontal normal stresses in the vicinity of
points C; and C, are determined by the formula

—2 ﬂ
Oux = n _W
V. Xy

The equivalent destructive stress for a case of a piece shear
is determined from the expression [8]

B (v —Do  +4/(1 —\u)zcgc +4ytl

eC s

]

where average shear stress is determined by the formula

T .
c
nF,, n

_Pcosa, =

Three-point scheme of a piece destruction along yz-plane.
The scheme in Fig. 3 is relevant in a case when the direction of
the maximum main stress in a layer o, deviates from the x-
axis by an angle less than or slightly greater than 45 degrees. In
a case when the direction of o, is close to z-axis, a possibility
of destroying a piece along the cross-section in the yz-plane
should also be considered, especially for a piece shape close to
the isometric one and at high values of the side thrust coeffi-
cient &.

The force scheme of piece destruction along a cross-sec-
tion in yz-plane is shown in Fig. 5. Here, the contact points are
displaced relatively to each other vertically by the maximum
possible value (x,/2), which is determined according to the ex-
pression

X

a, A<k,
b, Axk,

av?

From a condition of equality of a discrete and an equiva-
lent continuous load at the area z,, the following relations are
obtained

o, bx, _ tbx,

T
———; o, =arctan| —|.
nsino., o,

P.=
I’ZCOS(Xz

Characteristic values in a piece loading diagrams (Fig. 5)
are as follows:
- transverse force

n 4n 2n
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Fig. 5. Generalized three-point scheme of a piece destruction
along yz-plane

- longitudinal force
bc P . bc P .

Ox +—<sina_; N6:G’“———Zsmaz.

n 2n n 2n

N;=

The most dangerous point in a cross-section along yz-
plane is point B.

Stresses along x-axis near point B from the action of bend-
ing in combination with longitudinal compression are:

- from the left
N, M
Owm.L™= TS_ W : ;
pz4 Y.z
- from the right
Ne M,
OmBR™ Foow
yz y.yz
where W, ,. is section modulus of a piece relatively to y-axis in
yz-plane, which is defined as follows
nc?b
Wy,yz = kf 32 .

F,, is cross-sectional area of a piece

_ 2/3 nch

For point B, the following relations are true
c5=0; 13=0,

therefore, the main stresses at point B have the form

G13=0xp; ©O33=0.

The equivalent destructive stress at point B for this calcu-
lation case is determined considering (2)

G.p= maX(GeB,L; GeB, R)'
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Fig. 6. Generalized two-point scheme of a piece destruction
along yz-plane

Two-point scheme of a piece destruction along yz-plane.

Similar to the case of destruction by a shear across the long
side of a piece (Fig. 4), Fig. 6 indicates a scheme of destruction
by a shear along the shortest path between contact points lo-
cated on the short sides of a piece.

Characteristic values in a piece loading diagrams (Fig. 6)
are as follows

- transverse force

- bending moment

thex,
= ;
0 2n

P
M= “Cina
2n
- longitudinal force

b
NX:%.

The maximum horizontal normal stresses in the vicinity of
points C; and C, are determined by the formula

_Gx M8
Cpo=—"—"—-.
n W
V.yz

The equivalent destructive stress for a case of a piece shear
is determined from the expression [8]

(y—Do,-+ \/(1 —y)’ol.+ 4\|I‘Cé,2
Oecp = v >

where average shear stress is determined by the formula

B P.cosa, 1

2= .
nFyz n
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Main research results. The force schemes of piece destruc-
tion given above have a random and competing character of
implementation. Therefore, the maximum equivalent destruc-
tive stress and a condition for piece destruction for the prede-
termined parameters such as the side thrust coefficient &, the
angle of piece orientation a, the relative piece size k., and the
relative piece size in layer A is determined by the formula

G, = maX(GeAa Gecs Ocps GeC,2) 2 Rc~ (8)

Fig. 7 indicates relative dependences for the main compo-
nents of formula (8), depending on the angle of piece orienta-
tion in space when & =0.22 and values k., = 1.5 (a) and k,,=2.0
(b) for pieces of small size (A < 1).

For the case in Fig. 7, a, bending destruction across the
long side is more likely in a range of approximately 0 to 45 de-
grees, shear destruction across the long side at angles of 45 to
70 degrees. Also, bending destruction across the short side is
more likely at angles of 70 to 90 degrees, and shear destruction
across the short side is not realized. At the same time, in a
range from 0 to 70 degrees, when destruction occurs along the
cross-section in xy-plane, fragments with a lower coefficient
k., than in the original piece are obtained, i.e. the shape of
fragments improves and gets closer to the isometric shape. In a
range from 70 to 90 degrees, on the contrary, the shape of frag-
ments worsens, they become more elongated than the original
piece.

For the case in Fig. 7, b, there is destruction only from
bending across the long side for any values of o, the shape of
fragments always improves compared to a shape of the original
piece. This conclusion is particularly true for even larger val-
ues of k.

In practice, rock pieces with k., values less than 1.5 are
very rare, and the share of pieces in a range of k., up to 2.0 even
for cube-shaped crushed stone is about 40—50 %, i.e. slightly

Gei/max(ce)

o, deg

“ Ge,i/max(ce)

o, deg

—

20 40 60 80

Fig. 7. Equivalent destructive stresses for various force schemes
depending on the angle of piece orientation at . < 1 and
£=0.22:

1 - cyeA; 2_ GeC; 3_ GeB; 4_ cTeC,Z

less than half. In addition, as follows from the graphs in
Fig. 7, a, (above), even if a piece shear scheme is implement-
ed, the destructive stresses still approximately correspond to
the values for a bending scheme. Therefore, the maximum im-
pact on a destruction of small pieces is exerted by the cases of
their loading specifically by bending loads.

Fig. 8 indicates relative dependences for the main compo-
nents of formula (8) depending on the angle of piece orienta-
tion in space when & = 0.22 and k., = 2.0 for large pieces (A =
=3>k,).

Here, the destruction occurs in the shear force schemes,
not the bending schemes, at almost any values of a.. Also, it is
true in a range from 0 to approximately 70 degrees along the
cross-section in xy-plane, with a decrease in k,, for fragments,
and in a range from 70 to 90 degrees along the cross-section in
yz-plane, with a deterioration in shape of fragments.

The graphs of destructive stresses with an increase in the
side thrust coefficient, for example, up to & = 0.5 are of par-
ticular interest, what occurs when the rock mass layer is
compacted in a process of its deformation, both for small
pieces (A < 1, Fig. 9, a), and for large pieces (A =3, Fig. 9, b).
Here k., =2.0.

As seen from the analysis of graphs, small pieces are de-
stroyed exclusively by bending across the long side, and the
large ones are destroyed by shear across the long side over the
entire range of angles o, with a decrease in the parameter &,
for fragments, i.e., increasing the uniformity of a force field
improves the shape of pieces, bringing it closer to the isometric
shape.

Conclusions. An analytical model of destruction of pieces
with random shape in disintegrators under loading in a thick
layer of rock mass has been created. The considered piece has
a rectangular shape, while the particles around it are modeled
in a round shape.

Formulas for equivalent destructive stresses in a piece are
obtained for variants of bending and shear force schemes,
when discrete contact forces are applied to the long or the
short sides of a piece.

Dependences in relative values of equivalent destructive
stresses on an angle of piece orientation relative to direction of
the maximum main stress in a rock layer are obtained.

It was established that the destruction of pieces occurs as a
result of implementation of predominantly bending destruc-
tion schemes, which is especially important at high values of
relative piece length k,,, small relative piece size in a layer A
and application of the main load across the long side. In this
case, the shape of piece fragments usually improves, their rela-
tive length k_, is smaller compared to the original piece.

Increasing a uniformity of a force field with an increase in
side thrust coefficient & also improves the shape of piece frag-
ments.

“ Ge.i/max(ce)

Fig. 8. Equivalent destructive stresses for various force schemes
depending on the angle of piece orientation at . =3 and & =
=0.22:

1 - GeA; 2_ GeC; 3 - GeB; 4_ GeCA,Z
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Fig. 9. Equivalent destructive stresses for various force schemes
depending on the angle of piece orientation at & =0.5:

] - GeA; 27 GeC; 37 GeB; 47 GeC,Z

In the case of a piece shape close to the isometric one
k., — 1, a high relative piece size in a layer A and application of
the main load across the short side, the probability of imple-
menting shear schemes increases compared to bending
schemes, a significant share of fragments worsens their shape
compared to the original piece.

Thus, it has been analytically proven, that disintegration
in a thick layer leads to a lower level of destructive stresses for
destruction of small lamellar pieces compared to large iso-
metric ones, which explains the effects of improving the
shape of pieces and accelerated destruction of smaller frac-
tions.
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IInocka 3anaya BU3HAYEHHS 3yCHJIb
ISl pyAHYBAHHS IIMATKIB y JI€3IHTErpaTopax
NpY 3aXOIVIEHHI TOBCTUM LIAPOM
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MeTta. BcTaHOBIEHHS aHATITUYHMX 3aJI€XKHOCTEN pyii-
HiBHUX HaIpyXeHb, 1110 Ail0Th HAa IIMATOK HEi30METPUUYHOI
dopmu mia yac kBazicratuyHOI AedopMallii BiTHOCHO TOB-
CTOrO 11apy TipHMYOi Macu B Ae3iHTerpaTopax, Bij mapame-
TpiB (hopMu 1IMaTKa, MPOCTOPOBOI Opi€HTallii 1IMaTkKa, a
TaKOX BiIHOCHOI KPYMHOCTI IIMaTKa y 11api, 3 ypaxyBaH-
HSIM JMCKPETHOTO XapakTepy MNpUKIalaHHSI KOHTAKTHUX
3yCHIIb.

Metoauka. Iliocka cxemMa KOHTaKTiB IIMaTKa Hei3oMme-
TpUYHOI (OPMHU B TOBCTOMY IlIapi TipHUYOI MacH OTpUMaHa
yepe3 KOMIMO3UILiI0 LIEHTPAIbHOTO MPSIMOKYTHOTO IIMaTKa
Ta KPYIIMX LIMATKiB CEPEAHBOTO ISl JAHOTO 1Iapy po3Mipy.
Po3nozin KOMNOHEHTIB HaMpyXeHb y 1api ripHU4oi Macu
MPUIHITO HA OCHOBI KJIACUYHOI TeOpii MPY>KHOCTI i Teopii
CUINIKOTO cepenoBuIla. B gKOCTi Kpurtepilo pyiliHYBaHHS
IMaTKa y CKJIAAHOMY HaIpyXeHOMY CTaHi BUKOPUCTaHO
KpUTEpiil reOMexaHiKu, 110 MOKa3ye 3B’I30K €KBiBaJIEHTHO-
ro pyiHiBHOIO HaIpy>XeHHs ¥ MeXHW MIillHOCTI Opoau Ha
CTUCK. YCi CUJIOBi CXeMU HaBaHTaXXEHHS 1IMaTKa 3BelIeHi 10
TPUTOYKOBHUX CXEM BUTHHY i IBOTOUKOBHUX CXEM 3pi3y, SIK
rnornepek J0Broi, TaK i mornepek KOpoTKOi CTOPiH 1IMaTkKa, 3
aHaJli3y SIKUX HaXOAWMO HaMOiNbIl HeOe3MeYHUil y KOH-
KpPEeTHOMY BUIIAJIKy BapiaHT. 3acTocoBaHa 6e3po3MipHa na-
paMeTpu3allis SIK AJs 3aBIaHHS TeOMETPUYHUX TapaMeTpiB
IIMAaTKiB, TaK i IJIs aHaJli3y CyMapHMX PYWHIBHUX Hampy-
KEHb.

Pe3ynbTaT. OTprMaHi aHaJIITUYHI 3aJI€XKHOCTI eKBiBa-
JICHTHUX DYWHIBHUX HaINpyXeHb AJIs1 IIMaTKa BUTSTHYTOL
(opmu B 3aJ1€XXHOCTI Bifl BIMTHOCHO1 TOBXWHU LIMAaTKa, Bifl-
HOCHOI KPYMHOCTI IIIMaTKa y 11api, KyTa Opi€eHTallii IMaTKa
BiTHOCHO HampsiMy MaKCUMaJIbHOTO T'OJIOBHOTO HaIpPy>XEH-
HS 1 KoedillieHTa 6iYHOTO po3mopy y IIapi moponu. Ycra-
HOBJIEHO, 1110 JIeIlaiHi IIIMAaTKU, OCOOJIMBO Ti, 1110 € APiOHI-
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IIMMU 32 CepelHill po3Mip y 11api, pyiHHYIOTbCS MTePEBAXKHO
Bim peaizariii cxeM BUTMHY ITONepeK JOBroi CTOPOHU, Ghop-
Ma yJIaMKiB MTOJIMIIY€EThCS 32 paXyHOK 3MEHIIIEHHS BilHOC-
HOI TOBXMHU 1IMaTtKa. [1inBuileHHs OAHOPiIAHOCTI CUJIOBO-
ro moJisi B poboyiii 30Hi Ae3iHTerparopa TakoxX MpU3BOIUTh
IO TOJIIMIIIeHHS (hOPMH YIaMKiB. 3 iHIIIOTO OOKY, Y Mipy Ha-
OnvkeHHsT ¢GOpMHU IIMaTKa [0 i30METPUYHOI, a TaKOX
30iIb1lI€HHST BITHOCHOI KPYITHOCTI 1IMaTKa y 11api, 3pocTae
MMOBIpHICTh peaizallii cxeM 3pi3y Ta 3MEHUIYETbCS MO-
BipHICTb peasizallii cXeM BUTMHY, Y TOMY YMCJIi 3 HOTipIlIeH-
HAM (OPMM YJIaMKiB MOPIBHSAHO 3 BUXiTHUM IIMAaTKOM.
IIpu ubomy goBeneHa aHATITUYHO HASIBHICTb OUbIIMX Be-
JIMYUH PYWHIBHUX HaNpyXeHb IS JIeIagHUX JIpiOHUX
IIMAaTKiB MOPIBHSHO 3 i30METPUYHUMM BEJIMKHUMU, 3a iH-
IIKXX PIBHUX YMOB.

HaykoBa HoBu3Ha. OOGIpyHTOBaHA YHiBepCaJIbHIiCTh 3a-
CTOCYBaHHSI TPUTOYKOBOI CXeMU BUTMHY IlIMaTKa Hei3ome-
TpUYHOI (POPMU B MMOENHAHHI 3i IBOTOUYKOBOIO CXEMOIO MOT0
3pi3y I aHasi3y pyldHYBaHHS B TOBCTOMY Illapi TipHUYOL
Macu. Ymeplie oTpuMaHi 3aJeXXHOCTi €eKBiBAJIEHTHUX PYyii-

HiBHUX HaINpyXeHb UTSI Hei30MeTPUYHOTO IIIMaTKa Bill 1oTo
BiIHOCHOI MOBXWHMW, MOTO BiAHOCHOI KPYMHOCTI y 1uapi,
KyTa BiIXWJIEHHS TOJIOBHOI OCi IIMaTKa Bill HaNpsIMKy ro-
JIOBHOTO HampyXeHHsI i KoedillieHTa 6iYHOro po3mopy y
mapi.

IIpakTHuna 3Haummicth. OTpUMaHi pe3yJbTaTH T03BO-
JISITh 3[IMICHIOBATH OOTPYHTOBaHMIT BUOip MapamMeTpiB pobo-
YMX OPraHiB €3iHTErpaTopiB 115l pyHHYBaHHS MaTepiaiiB y
TOBCTOMY Il1api, a TaKOX MPOTHO3YyBaTU 3MiHY YacCTKU Jie-
IaIHUX IIMAaTKiB y Tiporieci mesiHterpauii. Bonu naioth
3MOTY BU3HAUUTHU KITIOYOBI TapamMeTpyd POOOYMX OpraHiB
IJIT HOBMX KOHCTPYKIIi1 aesiHTerpatopiB. lle cTBOploe
OCHOBY IJI pO3pOOKU METOAUK PO3PaxXyHKy poOOUUX opra-
HiB CyYacHHUX 3pa3KiB Ipo0apHO-IMOAPiOHIOBAIBLHOTO 00-
JIaTHaHHS.

KimouoBi ciioBa: dezinmeepamop, moecmuii wiap, ckaaoHui
HanpysiceHuil Cmaw, Aeuwaorull WMamok, ueuHt, 3pis, Koegiui-
€Hm 6iuH020 po3nopy
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