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Abstract

Purpose. The strength criteria substantiation of water-saturated soils and mine rocks, which make it possible to obtain the
analytical solutions necessary for determining the stability of water-flooded soil slopes and side-hills.

Methods. The methods are applied of analysis and generalization of the theoretical and numerical experimental studies
results. The rocks and soils characteristics are taken into account: specific cohesion c, internal friction angle ¢, compressive
strength R¢ and tensile strength R, of the rock, as well as the bulk density. The load g was imposed to the water-saturated
seam roof from the overlying mine rock or soil seams, the weight of equipment or structures located on the surface. It was
accepted that the seam is saturated with water (gas) with the excess pressure P. A point on the mine working surface (or
vertical slope surface), located at a depth z is considered. It is determined at which ratio of q, P and z parameters the soil or
rock seam will be destroyed. The problem solution is based on the Mohr-Coulomb strength criterion.

Findings. The strengths of water-saturated rock and water-free rock are compared. The ratios have been obtained that make
possible to determine the critical load on the daylight surface of water-saturated and water-free vertical slopes, side-hills,
trenches and foundation pits, as well as various mine workings in soil bases and mine rocks. The analytical solution has
been obtained, which makes it possible to determine a value of the critical pressure on the water-flooded vertical surfaces
and soil slopes. The generalization has been made of a certain one-dimensional Mohr-Coulomb strength condition for a
water-saturated base characterized by the strength characteristics ¢ and ¢ for the dimensional case.

Originality. It has been theoretically proved that for any pore pressure value in the water-saturated mine rock (or soil) their
strength will be less than in their water-free state. New solutions have been formulated for determining the critical height of
a water-saturated vertical soil slope or the wall in the vertical mine working.

Practical implications. The obtained results make it possible to solve the practical engineering problems on determining the
stability of water-saturated slopes and side-hills with a load-free daylight surface, therewith, taking into account the weight of
the equipment, stored material and the stability of vertical walls of water-saturated seams of open-cut mine workings.
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1. Introduction tioned by the property of the pore liquid viscosity and, as a
consequence, the process of its migration stretched over
time in the pores of the soil (rock) stratum under the influ-
ence of excess pressure. This phenomenon determines the
difference between water-saturated and water-free soils and
mine rocks.

3. There is also a difference in the behaviour of water-
saturated and water-free soils and mine rocks under the in-
fluence of an external dynamic load. In this case, in compari-
son with water-free soils and mine rocks, there is a distortion
of eigen-frequencies, vibration amplitudes and stresses acting
in soil (rock) massifs.

Coal is our most abundant fossil fuel. There is still
enough coal underground in Ukraine [1], [2] and foreign
countries [3]-[6]. During mining occurs rock pressure [7]-
[10]. According to modern scientific data, the presence in the
soil and mine rock of excess pressure in the pore liquid leads
to such effects [11]-[17]:

1. There is a significant change in the stress-strain state of
the rock (or soil) massif.

2. Even with a constant in time external load, defor-
mations and stresses within the soil (rock) massif and at its
boundaries are changed in time. This phenomenon is condi-
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4. In our opinion, the most important is the fact that the
presence in the soil and mine rock of excess pressure in the
pore liquid reduces the strength of the soil slopes, side-hills
and mine workings.

Therefore, it is of considerable interest the determination
of the critical values of such parameters as the pressure in a
pore liquid or gas, the depth at which the rock massif de-
struction is possible (Fig. 1) in the conditions of water and
gas saturation of mine rocks.

5 Pofc liquidr 0 :
(gas) 93°39%

Figure 1. The scheme for the determination of the critical pres-
sure P, critical load q onto the roof of the water-
saturated or gas-saturated soil (rock) seam

Up to date, many scientists and research teams are in-
volved in such issues [18]-[21], however, the issue has not
been sufficiently studied from this point of view [22]-[26].
Thus, Institute of Geotechnical Mechanics named by
N. Poljakov of National Academy of Sciences of Ukraine
(Dnipro, Ukraine) employees of Ukraine has performed the
studies related to gas-dynamic assessment of coal and rock
massif [27]-[28], and particular attention is paid to methane
release into the face of underground mine workings, to the
gas pressure in the stratum, and other factors [29]-[31]. The
physical and chemical processes occurring in the rock massif
are quite well presented in the works of V.V. Soboliev and of
the teams working under his leadership [32]-[34] at the
Dnipro University of Technology (Ukraine).

Thus, the purpose of the work is to substantiate the
strength criteria for the water-saturated soils and mine rocks,
which make it possible to obtain analytical solutions neces-
sary for determining the stability of water-flooded soil slopes
and vertical mine workings.

2. Materials and methods

The research task has been formulated as follows:

1. The strength characteristics are known of the soil or
mine rock (specific cohesion ¢ and internal friction angle ¢)
or (compressive strength R and tensile strength R, of the
rock) [35], [36].

2. The soil bulk density (rock) y is known.

3. The load g was imposed to the roof of the water-
saturated seam (this can be a load from overlying mine rock
or soil seams, the weight of equipment or structures located
on the surface of the vertical slope, etc.).

4. The soil (rock) seam is saturated with water (gas), the
excess pressure in which is equal to P.

5. A point on the surface of the mine working (or vertical
slope), located at a depth z is considered.

It is necessary to determine, at which ratio of g, P and z
parameters the rock (or soil) seam will be destroyed.
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To solve the problem, we use the Mohr-Coulomb
strength criterion [37]:

TS(G—P)tg(go)+C,

where:

7— shear stress;

o — the same, but normal stress.

At the same time, we take into account that in the soils
and mine rocks mechanics, the compressive normal stresses
should be considered with the plus sign, and the tensile nor-
mal stresses should be taken with the minus sign.

In addition, we take into account that, according to the
Mohr-Coulomb strength criterion, other factors being equal,
the destruction of soil, mine rock and coal occurs when the
maximum and minimum normal stresses o1 and o3 reach a
certain critical combination. Herewith, the principal normal
stress o does not almost influence the strength.

In order to reduce the one-dimensional Mohr-Coulomb
condition (1) to the dimensional case with the principal
normal stresses o1 and o3 in accordance with the infor-
mation and data presented in the works of
V.A Florin [37], [38], we set into (1):
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Analysis of the expression (3) has allowed us to draw the
following conclusions:

1. This expression is different from the well-known in the
literature [1], [37], [38] the Mohr-Coulomb strength condi-
tion and the presented below ratios (5), by the presence of the
“P” summand in the denominator, i.e. pore pressure, taken
with a “minus” sign.

2. With an increase in the pore pressure and the positive
value of denominator (3), the left part of the upper equation
increases. Thus, in this case there is a decrease in the strength
of the soil (rock).

3. At significant values of the pore pressure P and the ful-
filment of the condition:

o1+03—2P+2cctg () <0, (4)
the strength condition (3) changes to the super-critical area
and has not the physical meaning.

4. 1If to set in (3) the pore pressure equal to zero (i.e.
P =0), we will obtain the generally accepted record of the
Mohr-Coulomb strength condition:
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In such a way, the generally accepted record of the Mohr-
Coulomb strength condition (5) is a special case of the ob-
tained solution (3).

5. If in (3) to change the sign before the pore pressure P
(i.e., not to inject the liquid or gas into the base, but to pump
them out), then the base will be strengthened.

Then, we will compare the strength conditions (3) and (5).

We will divide term-by-term the upper equation (5) by
the upper equation (3). Given the fact that the left and right
parts of (3) and (5) are greater than zero, we have:

0y +03—2P+2cctg () B

= 6
o1+ 03 +2cctg (@) ©)
Then we will set in (6):
2P %

r= o1 +0y +2cctg (@)

With account of inequation (7), the second condition (3)
and inequation (6) will take the form:

v=1-y<1
8
0< y<1.
In such a way, the range of the dimensionless group y defi-
nition is all the positive numbers on the interval y € (0.1), the
range of function y values is on the interval y € (0.1) (Fig. 2).
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Figure 2. The ranges of definition and values (8) (graphical inter-
pretation): line 1 —the boundary of the limiting condi-
tion of water-saturated rock (or soil); line 2 — the same,
water-saturated

3. Results and discussion

The analysis of dependences presented in Figure 2 made
it possible to conclude that at any pore pressure value in the
water-saturated mine rock (or soil) their strength will be less
than in their water-free state. It should be noted that equation
(3) can also be obtained in a simpler way, based upon quite
general considerations — Figure 3.

Consider some elementary volume of soil (or rock) to
which the principal stresses are applied externally 1, o2 and os.

Inside the sample, pressure acting in pore liquid or gas is nu-
merically equal to P (in soil mechanics it is called neutral, Fig. 2).

In accordance with the Pascal’s law, this pressure acts in all
directions, and its values in all directions are equal to each other.
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Figure 3. Scheme for the determination of effective stresses in the
soil (rock) matrix
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Furthermore, in accordance with the principle of
K. Terzaghi’s moisture capacity, the matrix of the soil (rock)
is under the influence of an effective pressure, which is nu-
merically equal to the difference between the principal
stresses and the pore pressure P:
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Here ai et — the effective values of principal stresses.

For the final solution of the problem, we replace in (5)
the principal stresses o; by their effective values o, & Thus,
we arrive at the ratios obtained earlier (3).

It should be noted that the same condition of strength (3) for
water-saturated soil (mine rock) has been obtained in various
ways. This indicates the validity of the result obtained by us.

The strength characteristics ¢ (specific cohesion) and ¢
(internal friction angle) are commonly used in prediction of
soil destruction [1], [37]. Thus, in mechanics of mine rocks,
their strength at uniaxial compression R and strength at
uniaxial tension R, are used as strength characteristics [38].

According to the data presented in the works of V.A.
Florin and work [38], between the compressive strengths R¢
and tensile strengths Ry, as well as between the trigonometric
functions of the internal friction angle of the mine rock and
its specific cohesion the following ratios occur:

1 7
C:E' RCR y
_RC_Rp.
NM@_&+&’
2- ,R ‘R
cos(e)=— +CR i (10)
c T Rp
sin(p) R.—R,
t = =
9(e) cos(¢) 2-\/RC R,
(o)) 2Ry
E\P sin(p)  R;-R,
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When substituting the ratios (10) into obtained equation
(3), we have:

01 -03

_Re—Rp_
Rc'Rp B Rc"er,

(71+U3—2P+2'

c " Rp

Re Ry _ o

c p
0'120'2 20'3.

oL +03—2P+2

wherefrom, with account of notation g:i—, we
c
will find:
52&-
R
01~03 .
g 1
+07-2P+2-R,-—2— 11
01+ 03 g (11)
01+O'3—2P+2‘Rc'i20;
1-¢
01 2 0y 2 03.

The conditions (11) obtained by us are another form of
the record of obtained above Mohr-Coulomb strength condi-
tion for water-saturated soil (3), where instead of strength
material constants ¢ and ¢¢?, other material constants were
used, such as the compressive strengths R. and tensile
strengths R, of the mine rock.

Analysis of the expression (11) has allowed us to draw
the following conclusions:

1. The obtained strength condition of water-saturated
mine rock (11) is different from the well-known in the litera-
ture Mohr-Coulomb strength condition [1], [37], [38] by the
presence of the “P” summand in the denominator, i.e. pore
pressure, taken with a ‘minus’ sign and by the strength mate-
rial constants.

In other words, instead of the strength material constants
¢ and ¢ accepted in (3), other material constants are used in
(11), such as the compressive strengths R. and tensile
strengths R, of the mine rock.

2. With an increase in the pore pressure and the posi-
tive value of the denominator in the upper inequation (11),
there is an increase in its left part. Therefore, in this case,
there is a decrease in the strength of the water-saturated
mine rock.

3. At significant values of the pore pressure P and the ful-
filment of the condition:

01+O'3—2P+2RC'1LZO, (12)

the strength condition (11) changes to the super-critical area
and has not the physical meaning.

4. If to set in (11) the pore pressure equal to zero (i.e.
P=0), we will obtain the record of the Mohr-Coulomb
strength condition for water-free mine rock in this form:

p.
5 R
01793 Sl_‘f (13)
61+O'3—2Rc-é 1+¢
01209 203.

In such a way, the generally accepted record of the Mohr-
Coulomb strength condition (13) is a special case of the
obtained solution (3).

5. If in (11) to change the sign before the pore pressure P
(i.e., not to inject the liquid or gas into the mine rock, but to
pump them out), then there will be the strengthening of the
rock massif.

Then, we will compare the strengths of water-saturated
rock and water-free rock.

We will divide term-by-term the second equation from
above (11) by the second equation from above (13). Given
the fact that the left and right parts of (11) and (11) are great-
er than zero, we have:

1+03-2P+2R, %
¥y = E <1. (14)
l+o3+2R, - ——
1-¢
Then we will set in (14):
2P
n= - (15)
01+ 03 +2RC —
1-¢

With account of (15), the inequation (14) and the third
condition from above (11) will take the form:

l//l :l_ll Sl’ (16)
0< 4l <1

In such a way, the range of the dimensionless group ;1
definition is all the positive numbers on the interval y; ¢&€
(0.1), and the range of function w1 values is on the interval y.
¢ (0.1). Further on, we use the obtained result (3) to solve a
number of specific engineering problems of soil mechanics
and geotechnical mechanics.

First, we will find the principal normal critical stress o7, cr, at
which the water-saturated soil seam will be destroyed (Fig. 1).

Assume that the rate of mine working drivage and the
permeability coefficient are such that the pore pressure dis-
persion can be neglected near the wall of mine working. This
property is appropriate for over-consolidated clays, coal
strata with closed porosity, and also for all soils and mine
rocks with a low value of the permeability coefficient [39].

In this case, the horizontal principal stress is equal to zero
(o3 = 0), so that the strength condition (3) will take the form:

o1
o1 —2P +2cctg (@

o1 —2ccty ((/))
2

<sin(p),
) ’ 17)

<P
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Having solved (17), according to the principal stress o1,
we will finally find:

o1 = 2P —2cctg (o),
2ccos(p)  2Psin(p)
1-sin(p) 1-sin(p).

To analyse the solution (18) obtained by us, first examine
the behaviour of the internal friction angle functions ¢

(18)

Olcr =

cos sin ) .
f1 =A and f, = & which are presented in
1-sin(p) 1-sin(p)
Figure 4.
3.0,
2.5
~/
— — linel -
$20 : -
o — line2 _ - /
215 — -
=] -
€10+~ —
2
0.5 /
0 >
0 9 18 27 36 45
Internal friction angle
. . cos(p)
Figure 4. The dependence of functions f; = ————= (line 1) and
1-sin(p)
Sin((o) ) ) o
2 = ————— (line 2) on the internal friction angle ¢
1-sin(p)

The range of the internal friction angle variation is ac-
cepted from those considerations that for absolutely plastic
soils and mine rocks (for example, for silts) the internal fric-
tion angle ¢ =0, and for very hard rocks (granites, diorites)
@ = 43-45 degrees [40]-[42].

It follows from the Figure 4, that on the interval of the in-
ternal friction angle variation ¢ € (0...45) functions f; and f»
increase monotonically, and fi(p) > fa(p).

The analysis of inequations (18), with account of the data
presented in Figure 4, made it possible to conclude that the
critical value of the principal stress o1, o iS greater, if:

—the greater is the specific cohesion ¢ and internal fric-
tion angle ¢;

— the pressure value in the pore liquid P is less.

It should also be noted that the inequations (18) do not
make sense when the internal friction angle ¢ decreases to zero
(i.e., when ¢ — 0), since in this case the pressure in the pore
liquid (gas) does not affect the strength of soil (mine rock).
This effect is explained by various mechanisms of destruction
of ideally-plastic soils (for example, silt), and soils with specif-
ic cohesion and internal friction [1]. A similar result we get,
when setting into (1) the internal friction angle equal to zero.

Then, we will find the principal normal critical stress
o1, cr, at Which the vertical slope wall in the water-saturated or
gas-saturated soil seam will be destroyed (Fig. 1).

Having set into (11) the principal stress o3 =0 (Fig. 3)
and having solved the inequations obtained in this way with
account of the principal stress 1, we will find:
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_Rp.
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ﬁp'

¢
(o 1— §
0120'220'3.
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O'l < R - (19)
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oy 2P -2R

The solution (18) allows us to determine the critical
height gcr of a water-saturated vertical soil slope or of the
wall in the vertical mine working (Fig. 5).

0 Jos

|7
/)
o~ 7
) %
= O
& 7
/

Y
7z -/"'. /

Figure 5. To the determination of the critical height of a water-
saturated vertical slope

It follows from the Figure 5, that if the bulk density of the
soil is equal to , then at depth of he /i .the principal stress
o1, or IS equal to:

o1 =q+7hg . (20)
When substituting (20) into (18), we will find:
2P —2cctg(@)—q
> : (2)-9
21
2ccos(p) 2Psin(p) 1)

hcr = _ﬂ-
Ve

y[1-sin(p)] y[1-sin(p)]

Having set into (21) the pore pressure P =0, we will ar-
rive at the well-known formula for determining the critical
height of water-free soil slope [37]:

2ccos(go)

[1 sm

a9
0)] 7

The obtained ratios (21) make it possible to solve the fol-
lowing engineering problems:

1. The determination of the critical height of water-saturated
vertical slopes, side-hills, trenches and foundation pits and, in
general, of various mine workings in soil bases and mine rocks.

2. The determination of the stability of water-saturated
vertical slopes, side-hills, trenches and foundation pits and, in
general, of various mine workings in soil bases with a surface
free from the load (for this we should set into (21) q = 0).

3. The determination of the critical height of water-free ver-
tical slopes, side-hills, trenches and foundation pits and, in
general, of various mine workings in soil bases and mine rocks.

In conclusion, we note that if the water-saturated soil
seam in which the mine working is arranged is at a certain
depth H below the water-free soil seams, which have the
thicknesses h; and bulk densities y;, then the parameter g
entering the formula (18) should be determined as follows:

(22)
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n

q=27ih (23)
i=1
Here pi—bulk density i-—of those soil seam; h;—its

thickness; n—number of soil seams. Besides, there is an

n
equation H =Y n; .

i=1

The obtained ratios (18) also make possible to determine

the critical load gcr on the daylight surface of a water-
saturated vertical soil slope or vertical mine working in the
base (Fig. 5). Having substituted (20) into (18) and solving
the inequations obtained in this way with respect to the load
g, we will find:

Qer = 2P —2cctg (o) — yh;
2ccos(p) 2Psin(p)
Oer < s - - -

—sin(p) 1-sin(p)

The ratios (24) make it possible to solve the following
engineering problems:

1. The determination of the critical load on the daylight
surface of water-saturated vertical slopes, side-hills, trenches
and foundation pits and, in general, of various mine workings
in soil bases and mine rocks.

2. The determination of the critical load on the daylight sur-
face of water-free vertical slopes, side-hills, trenches and foun-
dation pits and, in general, of various mine workings in soil
bases and mine rocks (for this we should set into (24) g = 0.

3. The determination of the critical depth at which an ar-
rangement of the mine working with vertical walls is possi-
ble in a water-saturated soil (or rock) seam, above which
there are soil (or rock) seams with bulk densities yi. In this
case, the inequations (24) should be represented in the form:

(24)

2P —2cctg (@) -

n
2 7
i=1

2c-cos(p)

yh

Hkr >

) (25)

Hkr < n
[l—sin(go)]_zlyi
2Psin(p

_[1—sm ]

When solving the practical problems for construction of
foundation and mines, the problem often arises of the critical
pressure determination in the pore liquid or gas in the base,
in which it is necessary to arrange the mine working with
vertical walls. Therein, when strengthening the bases using
the high-pressure injection method [37], it is also important
to know the critical pressure value near the underground
mine workings, utility systems and other structures.

To determine the critical value in a pore liquid (gas), we
will solve (17) with respect to the pore pressure P. We have:

_ 2CCOS((/J)—|:1—Sin ((p):| o
2sin(p) ’

P< %[01 + 2cctg (q))]

yh
n

27

)
e

(26)
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The least of the pore P values corresponds to the critical
value in the pore liquid (gas) in (25). Since for any value of

the internal friction angleg ¢ there is an inequation

—|1-sin
[1-sin(o)] _
2sin(p)

liquid (gas) Pcr is equal:

=, then the critical pressure in the pore

2¢-cos(p)—[1-sin(p
2sin(p)

)]‘71 _

(27)

cr =

Further on, we adapt the results obtained for the strength
material constants ¢ and ¢ (i.e., the specific cohesion and the
internal friction angle) to the material constants Rc and R,
which have been accepted in the mine rock mechanics (i.e., the
rock strengths for uniaxial compression and uniaxial tension).

At first, with the use of (19) and (20), we will find the
critical height gcr of the water-saturated vertical soil slope or
the wall of vertical mine working (Fig. 5). We obtain:

__b.
é:_RCy
Re 1-¢ 0 ¢
q <_C__. - (28)
Ty ¥ y
2P R
qch_ 2_Ci_ﬂ
4 vy 1-& vy

Having set the pore pressure equal to zero in (28), we find
the critical height of the water-free mine rock. We obtain:

é::R—pi
(29)
R
c 9
Oy =———.
Ccr y 7

It can also be noted that formulas (28) and (29) are com-
pletely analogous to formulas (21) and (22), respectively. The
only difference is in the recording of material constants. The
obtained ratios (19) make it possible to determine the critical
load ger On the daylight surface of a water-saturated vertical
soil slope or vertical mine working in the base (Fig. 5).

Having substituted (20) into (19) and solving the inequations
obtained in this way with respect to the load g, we will find:

cp
=5
c
<R.-1¢.p_h (30)
Qer = e 7,
>2P—2R. .~ —h
Yr = c 7.

The ratios (30) are completely analogous to (24). The only
difference between them is in the material constants. If the
thicknesses of the soil seams above the considered point h; and
their bulk densities yi are known, the equation (30) makes it
possible to determine the critical depth at which the mine
working with vertical walls without support can be arranged in
the water-saturated rock. By analogy with (25), we have:
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H R
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To determine the critical value in the pore liquid (gas)
that fill the pores of the mine rock, we will solve the inequa-
tions (19) with respect to the pore pressure P. We have:

(32)

It should be noted, that the ratios (32) are completely
analogous to (25). The only difference between them is in the
material constants.

Further on, we will find the dependence of the critical
(destructive) principal stress o1 = g + y on the pore pressure P
in the coal seam (see the computational scheme in Figure 1).

So, for example, if the compressive strengths are
Rc = 10.8 MPa and the tensile strength is R, = 0.84 MPa, then
from (19), with account of these values, we will get:

£=0.078;
01 <10.8-11.86P;
oy 2 2P -1.82;

o1 20'2 203.

(33)

The graphical interpretation (33) is represented in Fig-
ure 6. It follows from the figure, that at zero pore pressure
the critical value of the principal stress o1 is equal to 11 MPa.
With an average bulk density of 20 kN/m?, this pressure
corresponds to a depth of 550 meters.

Explanatory notes:

1. The area is marked with a gray color in which the val-
ues are located of the principal stress o1 and the pore pressure
P in the coal seam, corresponding to the stable state of the
mine working.

2. Black solid lines indicate the boundaries of the stable
zone of the mine working.

At a pore liquid (or gas) pressure equal to P = 0.6 MPa or
(6 atmospheres), the critical value of the principal stress o1 is
3.7 MPa. With an average value of the bulk density of
20 kN/mé3, this pressure corresponds to a depth of 185 meters.

Thus, the presence of excess pressure in the coal seam re-
sulted in a decrease in the depth of the mine working drivage
without support from 550 to 185 meters.
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Figure 6. The dependence of the principal stress 61 on the pore
pressure P in the coal seam

Herewith, with account of the coefficient k. ITomuaka!
ixepesio mocuaHHsi He 3HaiineHo. of structural weakening,
the value of which, for example, is 0.3, the value of the ultimate
depths will be 165 and 55.5 m, respectively.

4. Conclusions

In general, the research materials presented in this article
made it possible to draw such conclusions:

1. A generalization has been performed of the known
one-dimensional Mohr-Coulomb strength condition for a
water-saturated base characterized by the strength character-
istics ¢ and ¢ to the dimensional case. With this, the same
result has been obtained in two completely different ways.

2. These results have been generalized to the case of wa-
ter-saturated and water-free mine rock, characterized by
strength characteristics Rc and R.

3. The difference of these strength criteria from analogous
ones for water-free soils and mine rocks is their ambiguity:

3.1. For a water-free soil (or mine rock), we have only
one critical point, separating the area in which the strength of
the soil (or mine rock) is protected from the area in which
destruction occurs.

3.2. For water-saturated soils (or mine rocks), we have two
critical points instead of one. The first point separates the area,
in which the strength of the soil (or mine rock) is protected
from the area in which the obtained strength criteria (3) and
(11) are not applicable. With this, the second point separates
the area in which the strength of the soil (or mine rock) is
protected from the area in which the destruction occurs.

4. An analytical solution has been obtained for the prob-
lem of determining the critical vertical pressure at which the
vertical walls of mine workings and vertical water-saturated
slopes are destroyed.

5. The obtained results make it possible to solve such
practical problems:

5.1. The stability determination of water-saturated slopes
and side-hills with a load-free daylight surface.

5.2. The stability determination of water-saturated slopes
and side-hills on the daylight surface of which there is a load
(including the weight of the equipment, stored material and
the ground, mined during extraction, etc.).

5.3. The assessment of the vertical walls stability of wa-
ter-saturated seams of mine workings (including the walls of
mine shafts and pit walls).

5.4. The assessment of the vertical walls stability of wa-
ter-saturated coal seams during mine workings drivage.
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Ouinka cTilikocTi yKOCiB i cCXWIIB 3 ypaxyBaHHSAM HAJMIIKOBOI0 TUCKY B NMOPOBIiii pinnHi

B. lanosai, O. [lamenko, C. 'anees, O. Xanmumenauk, B. Aanpees

Meta. OOrpyHTYBaHHS KPUTEpIiiB MIIIHOCTI BOJOHACHYECHHUX IPYHTIB i TIPCHKUX MOPIiJ, IO JO3BOJIIIOTH OTPUMYBATH aHATITHYHI pillleH-
Hs1, HCOOXI/IHI 7151 BUSHAYECHHS CTIMKOCTI 0OBOJHEHUX IPYHTOBUX YKOCIB Ta CXMIIB.

MeTtoaunka. 3aCTOCOBaHO METO/IU aHAII3Y Ta y3aralbHEHHS Pe3yJIbTaTiB TEOPETHYHUX 1 YUCENFHUX EKCIIEPUMEHTANBHHX JOCIiHKeHb. Bpa-
XOBaHO XapaKTEPHCTUKH MOPIJ 1 IPYHTIB: MUTOME 34EIUICHHS C, KyT BHYTPIIIHBOTO TEPTS ¢, MIIHICTh HOPOAN Ha CTUCK Rc i po3Tar Rp, mutomy
Bary. J[o OKpiBJIi BOZOHACHYEHOTO MIapy MPHKIAJAIAcs HABAaHTKEHHS ( BiJl BEPXHIX MIapiB MOPiA (IPYHTY), BarW pO3TAIIOBAHOTO HA IIOBEPX-
Hi 001aTHaHHs a00 KOHCTpYKUii. [IpuitHATO, 10 MIap HACHYEHHIT BOIOIO (Ia30M) 3 HA/UTMIIKOBAM THCKOM P. Po3riiiaeTbcst ToUKa Ha HOBEPXHI
BUpPOOKH (200 BEPTUKAIBHOTO YKOCY), PO3TAIIOBaHa Ha TTMOWHI Z. BusHav4aeThCs, Ipu SIKOMY CIIBBiIHOIIEHH] TapameTpiB d, P i z BinOyaeTses
PpyHHYBaHHSA IPYHTOBOTO a0 MOPOIHOTO Imapy. PinteHHs 3aBaaHHS 3/AiICHIOETCS Ha MiACTaBl KpuTepiro MinHOCcTi Mopa-Kyona.

Pe3yabTaTn. [IpoBeneHo 3icTaBiIeHHs MIITHOCTI BOJIO- 1 HeBOJOHAacHYeHOT nopoau. OTpUMaHi CIiBBiTHOIIEHHS J03BOJISIIOTh BU3HAYNUTH
KPUTHYHE HABAaHTAKCHHs Ha JICHHY MOBEPXHIO BOJAOHACHYCHHX 1 HEBOJOHACHIIECHHUX BEPTHKAIBHHUX YKOCIB, CXMIIIB, TPAHIIEH Ta KOTIOBa-
HIB, a TAaKOXX 1HIIUX BUPOOOK Y IPYHTOBUX OCHOBAX 1 TpChKUX Hopoaax. OTprIMaHO aHATITUYHUI pO3B’A30K, IO JO3BOJISE BU3HAYATH BEJIH-
YUHY KPUTHYHOTO TUCKY Ha OOBOJHEHI BEPTUKAIBHI MOBEPXHI Ta IPYHTOBI BiIKOCH. BUKOHAHO y3araibHEHHS BiIOMOi OTHOBUMIPHOI YMOBU
MminHOCTI Mopa-KynoHa [u1st BoIOHaCHYEHOI OCHOBH, IO XapaKTEePU3y€EThCs MIIHICTIO ¢ 1 ¢ Ha IPOCTOPOBHMH BUIAJIOK.

HayxoBa noBu3Ha. TeopeTH4HO T0BEACHO, 110 IIpU Oyab-sIKOMY 3Ha4€HHI IIOPOBOTO TUCKY Y BOJOHACHUEHIH ripchkill mopozi (abo rpy-
HTi) iX MinHICTH OyzZe MeHIIe, HDK Y HeBOJOHAacH4YeHHOMY cTaHi. C(hopMyIb0BaHO HOBI PIIICHHS 3371ad i3 BU3HAYCHHS KPUTHYHOI BHCOTH
BOJIOHACHYCHOTO BEPTUKAIFHOTO IPYHTOBOTO YKOCY a00 CTiHKH BEPTUKAIBHOI TiPHUYOT BUPOOKH.

MpakTnune 3Hauyenns. OTpuMaHi pe3yabTaTH JO3BOJIIIOTH BUPIIIYBAaTH MPAKTUYHI iH)KEHEPHI 3aBIaHHS 3 BU3HAYEHHS CTIHKOCTI BOIO-
HACHYEHUX YKOCIB i CXMIIIB 3 BUIBHOIO BiJl HABAHTa)XXEHHS JICHHOIO TIOBEPXHEIO 1 3 ypaxyBaHHIM Bark 00JagHaHH:I, CKJIQIOBAaHUX MaTepialiB
1 CTIMKOCTI BEpPTHUKAIBEHHUX CTIHOK BOJOHACHYEHHX IAPIiB BiJKPUTUX BUPOOOK.

KurouoBi cinoBa: kpumepiti miynocmi, nopoéa piouna, noposuil 2a3, muck, CmMilKicmy yYKocy, Kynm mepmsi

OueHka ycTOHYMBOCTH OTKOCOB U CKJIOHOB € Y4€TOM U30BITOYHOIO JABJIE€HHS B IIOPOBOii :KUAKOCTH

B. lllanoBan, A. amenko, C. 'aneeBs, A Xanumenauk, B. Annpees

Heas. O6ocHOBaHNE KPUTEPHEB MPOYHOCTH BOJIOHACHIILIEHHBIX TPYHTOB U TOPHBIX MOPOJI, TIO3BOJISIONIHE TTOJIy4aTh aHAJIUTHIECKHE pe-
IIEHHNs1, HEOOXOJUMBIE IS OTIPEISNICHHsI YCTOHYMBOCTH OOBOTHEHHBIX I'PYHTOBBIX OTKOCOB M CKJIOHOB.

Metoauka. [IpuMeHeHbl METOIbI aHANIM3a ¥ 000OLICHNS PE3yJIbTaTOB TEOPETHYECKHX U YHUCICHHBIX 3KCIIEPHMEHTAIBHBIX MCCIIEI0Ba-
HHUH. YUYTEHBI XapaKTEePUCTHKHU TTOPOJ] M TPYHTOB: YACIBHOE CIEIUICHHE C, YTOJ BHYTPEHHETO TPEHHS ¢, IPOYHOCTH MOPOABI Ha cxkaThe Re
pacTsbxenue Rp, yrenbHbIi Bec. K kpoBiie BOJOHACKHIIIIEHHOTO CJIOSI IPYKIIA/IBIBATACH HArPy3Ka ( OT BBILIENEKAIUX CI0EB MOPOJ MM TPYH-
Ta, BeCa PacroJIOKEHHOTO Ha MOBEPXHOCTH 000PYJOBAHUs MM KOHCTpYKUMii. [IpuHATO, 4TO CJION HACHIIIEH BOJOI (ra30M) ¢ H30BITOYHBIM
nmaBneHneM P. PaccmarpuBaeTcst Touka Ha TIOBEPXHOCTH BBIPAOOTKH (MJIM BEPTHUKAIBHOTO OTKOCA), PACHOIOKEHHAsl Ha TiyouHe Z. Onpene-
JSETCsI, PH KAKOM COOTHOIICHHH TapameTpoB (, P u z mpou3soiiner paspylieHre rpyHTOBOrO MM HOPOAHOTO Closl. PemieHue 3aga4yn ocy-
LIECTBIISIETCS. HA OCHOBAHHMHU KpuTepus pouHocT Mopa-Kyiona.

Pe3yﬂbTaTbl. npOBe}IeHO COIIOCTABJICHUE MPOYHOCTHU BOOO- U HeBO)IOHaCbILLLeHHOi’I opoabI. HOHy‘[eHbI COOTHOIICHUA IMO3BOJIAIOIINEC
ONPEACIINTE KPUTUYCCKYIO HArpy3Ky Ha JHEBHYIO ITOBEPXHOCTH BOAOHACBHIIICHHBIX U HEBOJAOHACBIIICHHBIX BEPTHKAJIBHBIX OTKOCOB, CKJIO-
HOB, TPaHIIEH U KOTJIOBAHOB, a TAKXKE MPOYHX BBIPAOOTOK B IPYHTOBBIX OCHOBAHHMSX M FOPHBIX MOpoAaX. [10TydeHO aHATUTHYECKOE perlie-
HHE, MO3BOJISIOLIEE ONPEACNATh BEIMYNHY KPUTHUECKOTO JaBICHHS Ha OOBOJHEHHBIC BEPTHKAIBHBIC MOBEPXHOCTH M TPYHTOBBIE OTKOCHI.
BbinonHeHo 00001IeHHe H3BECTHOTO OJJHOMEPHOI'O YCJIOBHS NMPOYHOCTH Mopa-KynoHa s BOJOHACHIIIEHHOTO OCHOBAaHUSA, XapaKTepH3Yy-
IOLLETOCs MPOYHOCTHBIMU XapPAKTEPUCTUKAMU C U ¢ HA IPOCTPAHCTBEHHBIN CITyuail.

Hayunasi HoBu3HA. TeOpeTHYECKH JIOKA3aHO, YTO MPH JI0O0M 3HAUSHHHU TOPOBOTO JIABJICHHUS B BOJOHACHILICHHO!H rOpHOH mopoe (Hin
TPYHTE) UX NMPOYHOCTH OyJeT MEHbIIEe, YeM B HEBOJIOHACKHIIIEHHOM COCTOSHIH. CopMyIMpOBaHbI HOBBIE PELIEHHS 331ad MO ONPEACIICHUIO
KPUTHYECKOH BBICOTHI BOJJOHACHIIIIEHHOTO BEPTHKAILHOTO IPYHTOBOTO OTKOCA HIIM CTEHKH BEPTHKAIBHOM rOpHON BEIPAOOTKH.

ITpakTHyeckoe 3Ha4YeHue. [JonyueHHbIE pe3yNbTAaThl MO3BOJISIOT PEIIATh MPAKTHYECKE HHKEHEPHBIE 3aja4H 110 ONPEACICHNI0 YCTOM-
YHBOCTH BOJOHACHIIIEHHBIX OTKOCOB U CKJIOHOB CO CBOOO/IHO OT Harpy3Ku JHEBHOM MOBEPXHOCTHIO M C YYETOM Beca 000pyJOBaHUs, CKIIa-
JIMPOBaHHBIX MaTePUaJIOB ¥ YCTONYMBOCTH BEPTUKAIBHBIX CTEHOK BOJIOHACHIIIICHHBIX CJIOEB OTKPBITHIX BHIPAOOTOK.

KitoueBble cii0Ba: Kpumeputi RpOYHOCMU, NOPOBAsL HCUOKOCb, NOPOBLILL 243, OAGNIEHUE, YCMOUMUBOCHTb OMKOCA, Y20l MPEHUs.
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