FTEOTEXHIYHA | TIPHWYA MEXAHIKA, MAIWWHOBYYBAHHA

VK 622.833:622.26

0.0.Sdvyzhkova'! Dr. Sci. (Tech.), Professor,
D.V.Babets', Cand. Sci. (Tech.), Assoc. Prof.,
K.V.Kravchenko', Cand. Sci. (Tech.),
A.V.Smirnov?, Cand. Sci. (Polit.)

1 — State Higher Educational Institution ‘“National Mining
University”, Dnipropetrovsk, Ukraine, e-mail: sdvyzhkova e@
nmu.org.ua;dbabets@i.ua; kravchenko k v@i.ua

2 — DTEK Company, Ukraine, e-mail: info@dtek.com

DETERMINATION OF THE DISPLACEMENTS OF ROCK MASS
NEARBY THE DISMANTLING CHAMBER UNDER EFFECT
OF PLOW LONGWALL

0. 0. CasuskkoBa', 1-p Texn. Hayk, npog.,
J1.B.Ba0enn!, kana. Texn. HayK, JI0IL.,
K.B.KpaB4enko', kana. Texn. Hayx,
A.B.CMHApPHOB?, KaH/1. NOJIT. HAYK

1 — Jlep>kaBHWiA BUIMI HaBYAJBHHHN 3aKia] ,,HamioHansHuMit Tip-
HUYM yHiBepcuTeT, M. JlHimpomeTpoBchK, YkpaiHa, e-mail:
sdvyzhkova e@nmu.org.ua; dbabets@i.ua; kravchenko k v@i.ua
2 — Kommnanis JITEK, Ykpaina, e-mail: info@dtek.com

BU3HAYEHHS JE®OPMALIN MOPOJHOI'O MACHUBY B OKOJII
JTEMOHTAXKHOI KAMEPH CTPYI'OBOI JIABH

Purpose. Determining the increase of rock displacements nearby a pre-constructed dismantling chamber while a plow
longwall approaching. Additional goal is to develop a technique for estimating the pressure created by failed rocks at dif-
ferent stages of mining.

Methodology. Displacements around a pre-constructed dismantling chamber were studied in situ using tell-tale sta-
tions. Numerical simulation was carried out to determine the rock stress-strain state applying a plastic deformation model.
The numerical procedure of strain accumulation was implemented at the sequential change of mined-out space while
modeling. Areas of broken rocks (failure zones)were determined according to Hoek-Brown strength criterion. Numerical
simulation was carried out concerning different geological conditions and excavation dimensions. The nonlinear estima-
tion method combining with multiple regression and variance analysis were used to build general regularities.

Findings. The multi-variant calculations of stress-strain state change were carried out for different values of rock
strength, coal seam thickness, mining depth and dismantling chamber size as well. The results were generalized for diffe-
rent geological conditions. The failure zone height and excavation contour displacements are represented as a function of
factors mentioned above.

Originality. New regularities were obtained relatively the increase of rock displacements nearby a dismantling cham-
ber. A failure zone spreading was shown depending on rock properties. Convenient techniques were developed to cal-
culate constitutive geomechanical characteristics and provide an adequate support design for dismantling chamber under
various mining and geological conditions.

Practical value. The set of formulas derived with regression method allows determining the main geomechanical
characteristics and gives a simple technique to design the support of dismantling chamber. This is a background for de-
veloping the general standards related to dismantling chamber designing under Western Donbass geological conditions.

Keywords: dismantling chamber, plow longwall, stress-strain state, failure criterion

Introduction. Coal mining in Western Donbas is chara-
cterized by complex geological conditions. Thin coal seam-
sand ground control problems (intensive floor heaving and
rock falls) cause significant problems for mining.

However, the challenge is to increase the coal produ-
ction involving high technologies and speeding up mining
operations.

Implementation of the first plow longwall GH 800 and
shield complex DBT 65/130 in Ukraine creates the urgent task
of timely preparing mine sites. This involves assembling and
dismantling the plow equipment in the shortest time possible.

Assembling and dismantling the plow longwall are mul-
tifunctional and complex processes which are carried out in
cramped conditions of underground excavations. Therefore,
the special requirements of stability and technology opera-
tions are applied to special excavations named assembly
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chamber and dismantling one. After all, these underground
excavations are exposed to the extreme load during mining.

Special attention has been paid to the stability of as-
sembly chambers in [1].This paper is focused on the pro-
cess of plow long wall dismantling.

Currently the dismantling of Ukrainian-made mining
systems is performed according to the well-proven sche-
me. It is supposed that equipment is disassembled directly
in longwall space. However, the DBT plow complex can-
not be disassembled in such a way due to lack of working
space. The alternative solution is to pre-construct an addi-
tional excavation (dismantling chamber) at the side of a
panel where coal extracting will be finished.

The preliminary constructed chamber ensures safety
as the preparation of equipment for removal is fulfilled
under the support protection (Fig. 1). The dismantling
chamber provides the necessary working space and reduc-
es the time of equipment removing.
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Caved rocks

Fig. 1. Site preparation

Initially,the dismantling chamber is placed outside of
the longwall influence. However, the coal face gradually
approaches the chamber and it can be destroyed due to the
rock pressure in front of moving longwall.

Lack of experience in dismantling chamber designing
under conditions of West Donbas is a problem. There are
no Ukrainian regulations evaluating the rock pressure
affected by the support of longwall and pre-constructed
dismantling chamber considering their mutual influence.
Nowadays there are no complex analyses of visual obser-
vations and tool measurements in situ as well as numerical
and physical simulation in terms of weak fractured rocks
of Pavlohrad coal region. But these aspects are an impor-
tant element to design the appropriate protective means
and provide the stability of excavations.

A set of research stages is carried out to meet the goal.
They are:

- numerical simulation of geomechanical processes in
rock mass at continuous movement of longwall;

- definition of support type and parameters;

- instrumental monitoring of rock displacements near the
dismantling chamber at various stages of longwall movement.

Since this is the first experience of pre-constructing the
dismantling chamber in Western Donbas two types of cross-
section were tested. The chamber was driven with a rectan-
gular shape of a cross section (4.2 m wide and 3.0 m height)
at the site from picket PK 0 till picket PK 12 + 5.6 m. Start-

ing with PK 12 + 5.6 m the arched shape of the cross section
was applied (Fig. 2). Setup of survey stations is shown in
Fig. 2 as well. Deep reference marks (tell-tales) were insta-
lled to a depth of 7 m to determine rock displacements.

Visual observations. Five measuring points consist-
ing of two tell-tale stations are installed in the dismantling
chamber. The tell-tales are situated on the opposite sides
in the same cross section at a distance of 1 m from the side
surface of excavation. The standard factory-produced tell-
tales are used as well as a custom devise developed at the
NMU. The length of the hole for installation of the tell-
tale is 7 m. Reference marks are set at a distance of 6, 5, 4,
3,2, 1 and 0.5 m from the excavation contour. Installation
of all the tell-tales has to be completed before the longwall
approaches at the distance of 300—180 m (outside of long-
wall effect).

Each measuring point is additionally equipped with
three contour reference marks. Two of them are installed
in the excavation walls at the height of 1.8 and 2.0 m
above the floor and one is located in the roof.

Observations consisting of 18 series have been done.
Intervals between observations were 5—7 days. No signifi-
cant changes in tell-tales metrics were fixed before long-
wall approaching up to 30 m. During the 5th observation
series, when the distance between the longwall face and
dismantling chamber decreased up to 30-25 m, a slight mo-
vement of the sensors (0.5-5.0 mm) was detected. Accor-
ding to the results of the 8-th and 10-th observation series
the maximum displacement increased up to 10 and 17 mm
respectively. The observations results are shown in Fig. 3.

Generalizing visual observations we can conclude that
significant deformation of excavation contour occurs
when the width of the coal pillar between the dismantling
chamber and longwall face decreases up to 6.0 m. After
that the geomechanical processes nearby the dismantling
chamber becomes activated precipitously.

The rock mass behaviour is different at different di-
stance from the excavation contour. The displacement of
the points located at a distance of 0.5; 1.0; 2.0 and 3.0 m
from the contour is rather predictable. The displacement
of the excavation contour is 150 mm at the moment of the
longwall and dismantling chamber conjugation. It increa-

Fig. 2. The cross section of the dismantling chamber and location of survey stations
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Fig. 3. The tell-tales displacement depending on the distance to longwall face

ses up to 280 mm in the process of the equipment dismant-
ling. Then the displacements are damped.

The behaviour of the reference points located in the
depth of the rock mass(a distance from the contour is 4.0, 5.0
and 6.0 m) does not match the logic of the physical model.
There is a wrong impression that the rock mass displacement
is reduced at the distance exceeding 3.0 m from excavation
contour. Subsequent visual inspection of tell-tales showed
that rocks nearby these sensors are extremely destroyed and
the descriptiveness of these measurements is poor.

A change in the excavation cross-section indicates the
quantification of the rock pressure. When the longwall
face approaches the dismantling chamber at a distance of
10—6 m, the vertical and horizontal convergence increase
extremely. The moment of the longwall face and dismant-
ling chamber conjugation is marked by the following cha-
racteristics:

- the average height of the dismantling chamber cross-
section has been kept in a range of 70-80 % in case of a
rectangular shape of the cross section and 80-90 % in case
of an arched shape of the cross section;

- the average cross-section width along the disman-
tling chamber for both type of cross section remained at a
level of 75-85 %

- the floor heaving has been observed at a level of 0.4—
0.5 m for rectangular shape of a cross section and 0.3—
0.4 m for an arch done;

- significant destruction of rock mass is observed near-
by the unsupported wall of the dismantling chamber with
rectangular shape of a cross section.

The observations in situ are resulted in the following
statements:

1. The influence of rock pressure in front of a moving
longwall face causes the intensive displacements of the
dismantling chamber contour (at a level of 3040 %).

2. The impact of rock pressure becomes significant at
longwall approaching the dismantling chamber at a di-
stance of 15-10 m.

Numerical simulation of changing the rock stress-
strain state at various stages of mining. The rock stress-
strain state should be determined using one of the numeri-
cal methods. We apply the finite element method (FEM)
proven in geomechanics problems in combination with
the strength theory in the nonlinear formulation [2, 3].

The area investigated includes a coal face, a mined-out
space, a site of caved rocks behind the mined-out space (a
goaf) and a dismantling chamber (Fig. 4). The software
Phase-2 developed by Rocscience laboratory is used.

The rock mass is modelled as a layered body with plastic
properties. The infinite Hoek-Brown medium is applied.
Different stages of longwalling are simulated by reducing a
distance between the coal face and dismantling chamber.
The strains and displacements calculated at a previous stage
are taken into consideration at subsequent stage. Thus, the

Fig. 4. Design schemes at different distances between the longwall and dismantling chamber: 1 — dismantling
chamber; 2 — coal seam; 3 — area of caved rocks (goaf’); 4 — mined-out space; a — 20 m distance; b — 10 m

distance; ¢ — moment of conjugation

36

ISSN 2071-2227, HaykoBun BicHuK HI'Y, 2016, N2 2



TEOTEXHIYHA I TIPHUYA MEXAHIKA, MAWWWNHOBYAYBAHHA

quasistatic process of longwall movement towards the pre-
constructed dismantling chamber is simulated.

The main reason to carry out the simulation is to locate
the yielding area nearby the excavations and determine the
displacement of excavation contour at each simulation
stage. For this purpose a well-known empirical Hoek-
Brown criterion is used as a condition of rock failure [4,
5]. To ensure the reliability of numerical simulation a spe-
cial attention should be paid to the reliability of physical
and mechanical rock properties. As we mentioned above,
the rock mass under conditions of Western Donbas can be
characterized as poor quality rocks. Rock mass inhomoge-
neity exists both at macro- and micro-levels.

The macro-level inhomogeneity can be observed in
situ as the siltstone and mudstone in the roof and walls of
excavation are heavy jointed. To consider the macro-level
inhomogeneity we apply the generalized Hoek-Brown cri-
terion developed especially for weak and fractured rocks.
It involves the Geological Strength Index (GSI) [6,7] to
estimate a degree of rock jointing and blocking. This in-
dex can be determined according to visual rock studying
or using data base developed by Hoek and Brown. Based
on GSI and developed formulas the numerical parameters
of the generalized Hoek-Brown failure criterion can be de-
termined. In such a way the rock texture and structure are
taken into account during the simulation.

To use the generalized Hoek-Brown failure criterion at
simulating the rock state around the dismantling chamber
we define GSI for coal and rocks under conditions of
167-th plow longwall of Stepnaya mine on the basis of the
data provided by the mine geological service (Table) and
visual estimation of rocks during observations in situ.
Based on this studying the GSI is taken equal to 50 which
corresponds the ‘very blocky’ rock mass structure.

A uniaxial compressive strength of intact rock is one of
parameters that the Hoek-Brown failure criterion involves.
Actually this parameter is obtained by rock sample testing
and processing the statistical results. The spread of specimen
strength relatively an average value characterizes the micro-
level inhomogeneity of rock mass. Decreasing the intact rock
strength caused by the micro-level inhomogeneity should be
considered with usage of a structural factor. It looks like

where G,, is a compressive strength of real rock mass and

O, is an average compressive strength of the tested sam-
ples.

A technique to determine a structural factor has been
developed by Shashenko & Sdvyzhkova [8] depending on
the adopted statistical model of rock strength. The log-
normal distribution of probabilities is the most appropriate
model to describe the spread of rock strength under condi-
tions of Donbas poor rocks. The structural factor based on
the log-normal strength distribution looks like

L _exp(t- In(n?+1))
< P+l '

Here t=arg F (1 — p) is an argument of normalized function
of the normal law

|-
F(t)y=——| e 2dt,
V21 ;[,
at its value is equal 1 — p; 1 is a variation of random values
of rock sample compressive strength defined as

n= JD(0)

(¢}

ci

where /D(G) is a standard deviation of strength value.

Thus, introducing the structural factor based on the
probability model we consider the micro-level inhomoge-
neity of rock mass. The rock mass compressive strength
looks like ©,, =G, -k,

The Hoek-Brown constants and structural factor val-
ues as well as rock physical and mechanical properties are
referred to the Table.

Simulation results. Simulations in terms of Stepnaya
mine are carried out considering the initial stress field
equals to 12 mPa. As a result, the displacements of rocks
nearby the dismantling chamber are obtained depending
on the distance from the longwall face (Fig. 5).

Rock displacements are studied directly on the contour
of the dismantling chamber and at a distance of 1.0 and
2.0 m from the contour.

Due to the arch shape of the dismantling chamber the
displacements in the roof are reduced up to 30—45 % in

i =9 comparison with a rectangular form of cross-section.
‘ Gci '
Table
Physical and mechanical properties of the rocks
Characteristic Argillite Siltstone Coal Caved rocks

Young's modulus, MPa 3193.0 2981.7 11755.2 300.0
Poisson’s ratio 0.3 0.3 0.3 0.3
Compressivestrengthof intactrock, MPa 32 43 37.5 7
Structural factor 0.5 0.45 0.6 -
Compressive strength reduced, MPa 16.0 20.0 22.5 7
Hoek-Brown parameter, m1, 1.17 1.13 2.66 0.98
Hoek-Brown parameter, a 0.51 0.51 0.5 0.51
Hoek-Brown parameter, s 0.001 0.001 0.016 0.0007
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Fig. 5. Displacement of rocks nearby the dismantling
chamber: a — the distance between longwall face and
chamber is 5 m; b — a moment of the longwall face and
dismantling chamber conjugation

However, the displacement of the chamber contour at
the moment of conjugation with longwall face is great in
the roof (up to 0.63 m) and in the floor (up to 0.75 m) and
walls (up to 0.6 m).

The special support should be developed to compen-
sate such significant displacements. We can see that the
simulation results are close to the observed in situ. Thus,
we assume that the deformation model is calibrated and
gives adequate results.

Besides modelling and analysis of displacements, it
has been showed that mutual effect of coal face and dis-
mantling chamber becomes significant when a distance
between the longwall and chamber reduced up to 10—15 m.
This is another confirmation of the fact that the calculation
scheme and the sequence of the simulations are correct.

As indicated above, the definition of the yielding zone
nearby the dismantling chamber is the next purpose of the
simulation. The size of this zone determines the pressure
on the support of the excavation. Because the adequacy of
the model is proven, it can be assumed that the configurati-
on of yielding zones is also consistent with reality.

The size of the yielding zone nearby the dismantling
chamber as well as the rock displacement increases gradu-
ally and reaches its maximum at the moment of conjuga-
tion with the longwall face. The size of yielding zones in-
creases in the roof above the mined out space, coal face
and over dismantling chamber. These zones join together
when the longwall approaches directly the wall of the
chamber.

Within the yielding zone rocks have lost the cohesion
between layers and a general part of rock mass. The weight
of rocks within the yielding zone creates the load on the
excavation support [9]. This concept is adopted in Ukrai-
nian standards and regulations. Therefore, to locate the fai-
lure zones analysing the components of stress-strain state of
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rocks nearby the dismantling chamber and coal face is a
challenge. The most important parameter is the height of the
yielding zone. This parameter should be defined as normal
to the layering. Its value can be used easily in engineering
formulas for estimation of the pressure on the support.

The algorithm described above allows executing mul-
tiple calculations for various geological and mining condi-
tions. The multivariate simulation enables to generate
simple engineering formulas to determine the displace-
ments of rocks nearby the dismantling chamber.

Multivariate simulation. Derivation of the general
formulas for dismantling chamber design. The input
parameters are:

B . . . . .
" is a ratio of the width to the height of excavation;

- yH is a normal (vertical) component of the initial
stress field;

- R. is an average strength of the rock mass;

- m is a coal seam thickness.

To obtain the maximum displacements of dismantling
chamber contour and the height of yielding zone as a func-
tion of input data the method of nonlinear estimation is
used. It generalizes two methods: multiple regression and
analysis of variance. Nonlinear estimation involves a pre-
selecting type of the target functions of initial variables. It
could be logarithmic, exponential, power, or any com-
position of elementary functions.

In general, all of the regression model can be written
as a formula

Y =F(x,%,,..,X,).

The main issue of the nonlinear regression analysis is
that the relationship between the target function and the
initial variables exists, i.e. the dependent variable (func-
tion) is connected with a set of independent variables
(arguments). Summarizing the results of the numerical si-
mulation the model of exponential growth is used as one
of the methods of nonlinear estimation. It looks like

y=a+exp(b+bz +bz, +..+b,z,),

m<m

where y is a target function; a, b; are unknown coefficients;
z; are initial parameters.

To assess the adequacy of the model the Pearson’s chi-
squared test is used. If the value of chi-squared test statis-
tic is significant, we reject the null hypothesis and accept
the independent variables that affect significantly the tar-
get expression.

As aresult of the regression analysis the following for-
mulas are derived.

A maximum roof displacement of the dismantling
chamber with an arched shape of a cross section could be
defined by formula
U,= exp(O.l 1§+0.56%+0.018-m —0.23)— 0.8. (1)

The visualization of this formula is shown on the Fig. 6.

A maximum floor displacement of the dismantling
chamber with an arched shape of a cross section is

U, =exp(0.105%+0.66%+0.017-m—0.225)—0.8. @)

C
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Fig. 6. Maximum roof displacement of the dismantling
chamber with an arched shape of a cross section

A maximum displacement of the dismantling chamber
wall adjoining with the coal face is

U, —exp(O 1= +0.28 7% vH +0.002-m+0.62j—2. 3)

C

A maximum displacement of the dismantling chamber
wall bordering the intact rock is

B
Us, = exp(0.005;+

“4)
+0.011 z{ +0.0001-m +3.89]—49.23.

For the dismantling chamber with a rectangular shape
of a cross section the following formulas are derived.

A maximum roof displacement looks like

U, = exp(0.17§+0.65%+0.12-m —0.2)—1.2.

4

The visualization of this formula is shown in Fig. 7.
A maximum floor displacement of the dismantling
chamber with a rectangular shape of a cross section is

U, =exp(0.2%+0.6%+0.1-m—O.l)—1.21.

c

A maximum displacement of the dismantling chamber
wall adjoining with the coal face is

U, —exp[O 15-+037 ‘;H +0.002-m+0.52)—2.05.

_

B/h=0,75

Maximum roof displacement. m

Fig. 7. Maximum roof displacement of the dismantling
chamber with a rectangular shape of a cross section

A maximum displacement of the dismantling chamber
wall bordering the intact rock is

Uy, = exp{O 17+0 7 f +0.009-m —1.35)—0.25.
These values should be used for the dismantling cham-
ber support design under different geological conditions.
The similar formulas are obtained to determine the
height of a yielding zone:
- a rectangular shape of a cross section

c

h, =4 2exp[0 5= +06% 6 +0.2-m—0.75j+1.5;
- an arched shape of a cross section

h, =4.2exp[0.15%+0.5%+0.12-m—0.01]. 5)

c

As indicated above, the weight of the rocks within the
failure zone creates a load on the support according to the
formula

P=yxS§,.

Where is the area of the yielding zone above the dis-
mantling chamber; is a rock gravity.

The magnitude should be determined by a simple
mathematical formula in engineering calculations. De-
spite the fact that the area of failure zone has an irregular
shape, it can be approximately represented as a rectangle
with a height /,, and a base, equal to the width of excava-
tion B (Fig. 8). Thus, some margin of safety is provided.

Fig. 8. Failure zone spreading: 1 — yielding zone; 2 — mined-out space; 3 — dismantling chamber; a — 10 m distance;
b — 3 m distance; c — the moment of conjugation
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Then the load on excavation support generated by
failed rocks is approximately equal to

P=y-S=y-B-h, (6)

Using this approach the design of the dismantling
chamber under condition of Stepnaya mine is created.

Engineering approach to the dismantling chamber
design under condition of Stepnaya mine. The input
data for calculation are:

- the depth of dismantling chamber is H = 330 m;

- the length of the longwall is 292 m.

- the area of chamber cross-section is S = 15.5 m?;

- the width of dismantling chamber is B = 5.2 m;

- the height of the excavation is # = 3.9 m.

B
Hence, the excavation width —height ratio is 7 1.57.

The average compressive strength considering the
structural factor is 17 MPa.

According to [10] a real depth of mining (') should be
increased while simulation to provide a safety margin.

Therefore, the design depth is, m

H,=1.5-330=495.

Using this value we can calculate the normal compo-
nent of the initial stress field, mPa.

yH,=24.7 - 495 =12 227 kN/m*=12.2.

Then the ratio of the vertical component of the initial
stress field to the average rock strength should be determined

YH 122
R. 170

4

These parameters are used to calculate geomechanical
characteristics of the dismantling chamber.

The height of the yielding zone above the dismantling
chamber could be determined using (5), m

h — 4 260,1Svl,57+0,5v0A72+0,12~0,85—0.01 — 8 35
5 =4 =08.3).

And then we can define the weight of the rocks within
the failure zone, i.e. the support pressure (6), kKN/m.

P,=vy-B-h,=24.7-52-835=1072.

To ensure the stability of the dismantling chamber dur-
ing the withdrawal of powered support shields throw the
dismantling window the safety factor (k,) should be taken
into account, kKN/m.

P,=v-B-h, k=247-52-835-15=1608.

We can see that the support pressure is very high. It
cannot be compensated by the installation of metal sets
only. Obviously, the rock bolting is necessary. Taking into
account the height of the yielding zone above the disman-
tling chamber an anchor system should be two-tier inclu-
ding the cable anchors with a length of at least 8 m.

The significant displacements of the dismantling cham-
ber contour could confirm the necessity of roof bolting.

Using formulas (1—4) let us determine the values of
displacements,

Ugp=exp(0.11 - 1.57 +0.56 - 0.72 +
+0.018-0.85—0.23)— 0.8 = 0.63;
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U,=exp(0.105- 1.57+ 0.66 - 0.72 + 0.017 - 0.85 —
—0.225)-0.8=0.74;
Us,=exp(0.1 - 1.57+0.28 - 0.72 + 0.002 - 0.85 +
+0.62) —2=0.77,
Us, = exp(0.005 - 1.57 + 0.011 - 0.72 + 0.0001 - 0.85 +
+3.89)-49.23=0.44 .
The value of total vertical displacement is,
U=Ug,+ U, =0.63+0.74=1.37.

This value shows the need of roof bolting.

The maximum displacement of the dismantling cham-
ber wall adjoining with the coal face (U, = 0.77 m) indi-
cates the additional support necessity at this part of rock
mass to provide the safety approaching of the longwall face.

The dismantling chamber wall adjoining with the coal
face could be strengthened by installing the rail (8.0 m
length) at the angle of 5—7° to the coal seam and 50° with
respect to the excavation line to overlaps 4 sections of
powered roof supports. Then the extremely fast reacting
two-component injection resin “Bevedol-Bevedan” is
pumped into strata to form a pore-free material. The dis-
tance between rails is 3.5-4.0 m.

Thus, to compensate the displacement of the roof the
next support elements are necessary:

- 6 steel-polymer bolts with a length of 2.5 m installed
between metal sets;

- 1 deep-level cable anchor (L = 8.0 m) installed be-
tween metal sets;

- 1 additional rail (L = 8.0 m) to the wall adjoining with
the coal face (Fig. 9).

Conclusions.

1. A mutual effect of the coal face and the dismantling
chamber becomes significant when distance between the
longwall and chamber reduced up to 10—15 m.

2. Due to the arch shape of dismantling chamber the
displacements in the roof are reduced up to 30—45 % in
comparison with a rectangular form of cross-section.
However, the displacements are significant at the moment
of conjugation with longwall face. They increase up to
0.6—0.7 m in the roof and floor and walls of excavation.

3. The reliable estimation of rock stress-strain state at
plow longwalling allowed designing an adequate support

KIUITY-150

Fig. 9. Support scheme of the dismantling chamber
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of pre-constructed chamber under conditions of Stepnaya
mine and dismantling the plow equipment safely.

4. Just-in-time monitoring and compensation of defor-
mations allowed keeping the excavation cross-section in
the sufficient for operation form.

5. The failure zones around the mined-out space and
pre-constructed chamber spreads depending distance be-
tween these both excavations.

6. The formulas are derived to calculate constitutive
geomechanical characteristics and provide an adequate
support design for the dismantling chamber under various
mining and geological conditions. They form a back-
ground for developing the standards of dismantling cham-
ber designing under conditions of Western Donbas.
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MeTta. BcTaHOBIGHHSI 3aKOHOMIPHOCTEH 3MIHEHHS Tie-
peMillleHb KOHTYpY TOIEPEHbO CIOPYPKEHOT IEMOHTaX-
HOT KaMepu TpH HaOJIMKeHHI BUOOIO CTPYIOBOI JIaBH, a Ta-
KO PO3pO0Ka IHKESHEPHOT METOIMKHM BU3HAUCHHS HABAHTa-
JKEHHSI Ha KPIIUICHHS JIEMOHTa)XHOI KaMepH, BPaxoBYIOUN
3pPOCTaHHS T1PCHKOIO THCKY.

Metonuxka. IlepeMilieHHs1 MOpiJ HABKOJIO KamMepH Jie-
MOHTaXYy JOCII/DKYIOTHCSI B YMOBaX INAaxXTH IUISIXOM BCTa-
HOBJICHHSI INIMOMHHUX PENCPHUX CTaHIN. YncenpHU aHa-
J1i3 BUKOPHUCTAHO JUISl BU3HAYCHHS HAIPY>KeHO-Ie(opMOoBa-
HOTO CTaHy TOpiZ Ha OCHOBI TPYKHO-TUIACTHYHOI MO
nedopmariiitHoro cepemopuima. PeamisyeTscss mporemypa
HAKOTMYEHHsT JedopMariiii 3a MOCTIIOBHOTO 301TbIIEHHS
PO3MIpiB OYHCHOTO MPOCTOpPY. 30HU PyHHYBaHHS BH3HAYa-
I0ThCsI 32 KpuTepiem MitHocTi Xoka-bpayna. UncenbHe Mo-
JICTIOBAHHSL BUKOHAHE [UIsi HU3KH TIPHUYO-TEOJIOTIYHUX
YMOB Ta po3MipiB BUPOOKH. J{yist moOYI0BHY y3araabHIOKYHUX
3aJISKHOCTEH BUKOPHCTOBYETHCSI METO/I MHOXXHUHHOI perpe-
cii Ta mucriepciiiHuii aHai3.

Pe3yabraTu. Bukonani 6aratoBapiaHTHI po3paxyHKH
HaNpyXeHO-1e()OPMOBAHOTO CTAaHy HABKOJIO CTPYTrOBOi
JaBM Ta JIEMOHTAXXHOI KaMEpH AJIsl PI3HUX 3HAUCHb Mill-
HOCTI TIOPiJ, TIOTY>KHOCTI BYTiNBHOTO TIIacTa, TIHOWMHH
PO3pOOKH Ta PO3MipiB AEMOHTAXKHOTO MTpeKy. Onepxani
pe3yabpTaTé Oynu y3araabHeHi U pisHOMaHITHUX TipHU-
YO-TeOJIOTIYHUX YMOB y BHIJISIII 3aJI©KHOCTEH BUCOTH
30H pyHHYBaHHS Ta MEPEMillleHb KOHTYPY IE€MOHTaXHOT
KamepH Bifl (haKkTOpiB, IO TepesiueHi BUIIE.

HaykoBa HoBu3HA. Yriepie BCTaHOBJICHI 3aJI€KHOCTI
po3BUTKY nedopmaliiii Ta GopMyBaHHS 30H pyHHYBaHHS B
MOPOTHOMY MacHBI HABKOJIO JIEMOHTQ)KHOI Kamepu B MO-
MEHT CIIPSDKEHHS 3 BUOOEM cTpyroBoi s1aBu. OniepkaHi po3-
paxyHKOBi ()OpMyIM I BU3HAYEHHS OCHOBHHX I'€OMeXa-
HIYHHX XapaKTepPHCTHK, 10 HEOOXiTHI U1t BHOOPY crocoly
KPITUTCHHS AEMOHTAKHOI KaMepH B PI3HOMAHITHHX TipHIYO-
TEOJIOTIYHAX YMOBAX.

IpakTuyna 3HaYUMicTb. CYyKyIHICT (POPMYIT IS BH-
3HAYEHHS] OCHOBHUX F€OMEXaHIYHUX XapaKTePUCTUK CKIIa-
Jla€ IHKEHEPHY METOAMKY BCTAHOBIICHHSI HABAHTa)KSHHSI Ha
KpIIUICHHSI JIEMOHTa)KHOI KaMepH, a TAaKOX € OCHOBOIO TH-
MOBMX MarepiaiiB IPOEKTYBaHHS JEMOHTOKHUX KaMmep
CTPYTOBHX JIaB B yMoBax 3axiguoro Jlonoacy.

KirouoBi c10Ba: demonmaoicna kamepa, cmpy2o6a jia-
8, HANPYHCEHO-0ePOPMOBAHULI CMAH, KpUMepitl MIyHOCHIL.

Heab. YcraHoBeHNE 3aKOHOMEPHOCTEN M3MEHEHUS T1e-
peMelIeHI KOHTypa HpeIBapUTENbHO COOPYKSHHOH Je-
MOHTaKHON KaMepbl NP TPUONIIDKEHUH 320051 CTPYroBOM
JIaBbl, @ TaKXKe pa3paboTKa HHKEHEPHOH METOIMKH OIpesie-
JICHUs Harpy3Ky Ha Kperb JEMOHTaKHOI KaMephl ¢ y4eTOM
BO3PACTaHMs TOPHOTO JABJICHUSI.

Metoauka. Ilepemenienust opox BOKPYT AEMOHTaX
HOHM KaMepbl NCCIIENYIOTCS MyTeM yCTaHOBKH ITyOMHHBIX
penepHbIX cTaHnuil. YNCIeHHBIN aHaIN3 BBIOTHEH IS
OLICHKH HaIpsDKEHHO-1e(OPMUPOBAHHOTO COCTOSIHUS 110-
pOX Ha OCHOBE YIPYTOIUIACTHUECKOM MoJeH aedopma-
LIMOHHOM cpeabl. Peanusyercss mpouenypa HaKOIJIEHHS
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nedopmanuii mpy nocieaoBaTeIbHOM U3MEHEHUHU pa3Me-
POB MOJIETUPYEMOH MOIOCTH. 30HBI pa3pyIlIeHHs Onpee-
JIIIOTCSL IO KPUTEpHI0 MpodyHOCTH Xoeka-bpayna. Yuc-
JIEHHOE MOJIEJINPOBAHKE BBIOIHEHO AJIs pa3IMYHbIX TOp-
HO-TEOJIOTHYECKHUX YCIOBUH U pa3MepoB BeIpaOOTKH. Jlist
MOCTPOCHNUST 000OIIAIONINX 3aBUCUMOCTEH NCTIONb3YeTCs
METOJ, HSTMHECHHOTO OIICHMBAHMS, COUCTAIOIINI MHOMKE-
CTBEHHYIO PETPECCHIO U JUCIEPCHOHHBIN aHAIIN3.

PesyabTarbl. BbllIOHEHB MHOTOBApUAHTHBIE pacue-
THI HANpPsDKEHHO-1e(hOPMHPOBAHHOTO COCTOSTHHMSA 00Ja-
CTH, COZIEpIKaIllell CTPYTOBYIO JIaBy U JAEMOHTAXHYIO Ka-
MepY, U1l pa3iIU4HbIX 3HAYEHUH IPOYHOCTYU IIOPOJ, MOLL-
HOCTH YTOJIBHOTO TIIacTa, yOUHBI pa3paboTKu U pazme-
POB JI€MOHTa)KHOTO IuTpeka. IlomydeHHBIE pe3ylabTaThl
0000IICHBI ISl PA3JIMYHBIX TOPHO-TEOJIOTHYECKUX YCIIO-
BHI B BUJI€ 3aBUCHUMOCTEN BBICOTBI 30H pa3pyIllICHUs U Iie-
peMelieHnH KOHTypa JJEeMOHTa)KHOIM KaMephl OT Iepednc-
JICHHBIX BBIIIE (h)aKTOPOB.

Hay4ynasi HoBu3HA. BriepBble yCTaHOBJIEHBI 3aKOHO-
MEPHOCTH Pa3BUTHA AedopMariii u GOpMHPOBAHUS 30H

Xiongming Lai',
Jianhang Su',
Cheng Wang'?,
Yong Zhang',
He Huang!

paspyliieHus B TOPOIHOM MacCHBE B OKPECTHOCTH JIEMOH-
Ta)KHOU KaMepbl B MOMEHT COMPSIKEHUS ¢ 3a00€M CTpyro-
BOU naBbl. [loydeHsl pacueTHbie POPMYIIBI IS OTpe/Ie-
JICHUSI OCHOBHBIX T€OMEXaHMYECKUX XaPAKTEPUCTHK, HE-
00XOIMMBIX [UTS BBIOOpA crrocoba KPeTuIeHUs! IEMOHTaX-
HOM KaMephl B Pas3MYHBIX TOPHO-TEONIOTHIECKUX YCIIO-
BUSIX.

IMpakTuyeckass 3Ha4UMOCTh. COBOKYITHOCTH (op-
MyJ [UTSL OTIPEJIETICHHST OCHOBHBIX T€OMEXAHUYCCKHUX Xa-
PAKTEPUCTUK COCTABIISIET UHKEHEPHYIO METOJIUKY OIIpe-
JICJICHNs] HAarpy3KH Ha Kpelb JEMOHTA)XKHOW Kamepbl, a
TAKXKC SIBJISICTCS OCHOBOﬁ TUITOBBIX MaTepI/IaJ'lOB HpOGKTI/I-
POBaHUS JIEMOHTAXHBIX KAMEDP CTPYTOBBIX JIaB B YCIOBH-
sx 3amagHoro Jlonbacca.

KuiroueBblie ¢j10Ba: 0eMOHMAdICHASL KaMepd, Cmpy2o-
6asL 1a6A, HANPANCCHHO-0PHOPMUPOBAHHOE COCMOSHUE,
Kpumeputi RpOYHOCHIL.
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GENERAL MOST PROBABLE POINT BASED APPROACH
FOR RELIABILITY INDEX COMPUTATION
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YHIBEPCAJIBHUM MIJIXIJ 1O PO3PAXYHKY
KOE®IINIEHTA HAJIMHOCTI, II[O TPYHTYETHCA
HA HAMIMOBIPHIIIHNX 3HAYEHHAX

Purpose. As for the reliability analysis of complex engineer problems, the nonlinearity and implicitness of the limit
state functions always stand in the way. On one hand, the nonlinearity influences the convergence computation of some
reliability problems when using most methods of reliability analysis. On the other hand, the implicitness means that in-
formation of the partial derivatives of the limit state function is impossible to obtain, which is necessary for most of the
reliability methods. In order to overcome these difficulties, the paper presents a new general most probable point based
(MPP-based) approach for computing the reliability.

Methodology. Within the framework of the proposed iterative algorithm, we presented new strategies for searching
three types of the approximate MPPs by merely using the input and output information of the limit state function. In ad-
dition, the found MPPs can be used for updating the constructed response surface of the limit state function, which in its
turn helps to find a more accurate MPP.

Findings. As illustrated by the examples, the proposed method provides excellent precision and convergence for the
calculation results.

Originality. Three types of the approximate MPPs are firstly presented for updating the constructed response surface
of the limit state function, whose input and output information is sufficient.

Practical value. The proposed method does not necessitate any requirements for the detailed format and complexity
of the limit state functions, which is an advantage. Hence, it is especially applicable to the implicit case of complex engi-
neer problems.

Keywords: limit state function, most probable point, index computation
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