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MEHTOB KOMOMHWPOBAHHOMW KPETIEKHOW CUCTEMBI TIpU
TOAIEP>KAHNY BBIEMOYHON BBIPAOOTKY B HEOIATOTIPU -
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Metoauka. OCHOBHBIM METOAOM HCCJIECIOBAHUS
CTaJl CPAaBHUTEJbHO-CTAaTUCTUYECKUI aHAU3 Pe3yJib-
TaTOB MPOBEACHHBIX BBIYMACIUTEIBHBIX 3KCIIEPUMEH-
TOB, BBIMIOJJHEHHBIX METOIOM KOHEYHBIX 3JIEMEHTOB
MpU HEJIMHEWHOU MOCTaHOBKE 3alayi T€OMEXaHUKMU.
MonenupoBaHue OOBOAHEHOCTHU, TPELIMHOBATOCTU U
PEOJIOTUYECKUX XapaKTePUCTUK TOPOJHOTO MaccuBa
OBbUTO BBIMIOJIHEHO B BUZE€ MOIMPABOYHBIX KO3dbUIM-
€HTOB ¥ 33JJaHUS CEMEeCTBA KPUBBIX C UCTIOJIb30BAHU -
€M TpeX yIpaBIIsionux nmapametpo. HeomHopoqHOCTh
TMOPOJTHOTO MAcCUBA 33/1aBaJIaCh TEOMETPUYECKHU.

Pesyabrarsl. OnipesesieHbl KaYeCTBEHHbBIE U KOJIU-
YECTBEHHBIE MOKA3aTENN BO3ACUCTBUS KaHATHBIX aH-
KEpOB Ha U3MEHEHUE BEJIUYMHbl MHTEHCUBHOCTU Ha-
TIPSDKEHUI B CTAJENOJMMEPHBIX aHKepax. BrisiBieHa
OCHOBHAsl 30Ha CHVIKEHWSI UHTEHCUBHOCTHU HarmpsiKe-
HUIi, TpUMBIKaOIas HENOCPEICTBEHHO K KOHTYpY
BbIpaOOTKU. OrpeaeneHa CTENeHb BO3MEUCTBUS Ha
KOMOWHUPOBAaHHYIO aHKEPHYIO KPEIb HEOTHOPOIHO-
CTM BMEIIAIOIETO TTOPOIHOTO MaccuBa W €ro HeJu-
HEWHBIX MEXaHUIECKINX XapaKTEPUCTHUK.
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Purpose. Substantiation of the parameter allowing predicting cost of mine working construction and maintenance
under certain mining conditions taking into account a type of the mine working support, its parameters, repair size

and cost as well as lifetime.

Methodology. Methods for generalization and comparative analysis, processing of underground investigation data,
mathematical (numerical) modeling of geomechanical processes, and evaluation of economic efficiency have been

applied.

Findings. Methodology to determine total costs for construction and maintenance of an extended mine working
has been substantiated. A parameter of a mine working repairability has been proposed. The parameter considers in-
tensity of rock contour displacements and cost of repair operations resulting from critical displacements of roof and
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floor. The repairability parameter has been used to substantiate the criterion allowing selecting rational support pa-
rameters to cut total costs for a mine working operation. A complex of field and numerical studies has been performed
for Pivdennodonbaska No. 1 Mine. That made it possible to determine regularities of deformation processes within
rock mass around mine working with frame support, and frame and roof bolting.

Originality. Innovative numerical model of geomechanical “mine working support-rock mass” system for Piv-
dennodonbaska No. 1 mine has been developed. The model allows studying deformation processes connected
with floor rock heaving and its dinting in the context of different stages of a mine working operation. Regularities
of “mine working support-mass” geomechanical system deformation have been determined making it possible to
substantiate rational parameters for maintenance of mine workings to reduce repair cost at Pivdennodonbaska
No. I mine. A parameter of a mine working repairability has been proposed taking into consideration the inten-
sity of rock contour displacements and repair cost as well as the criterion helping select rational support parame-
ters.

Practical value. Methodology to determine total cost of construction and maintenance of extended mine working
can be used for designing rational support systems and selecting ways to improve stability of mine workings.

Keywords: maintenance of mine working, rock heaving, rock dinting, rock displacement, zone of nonelastic deforma-

tion, frame and roof bolting

Introduction. Mining is inevitably connected with
mining deepening. In this context rock pressure grows
considerably and operating conditions of underground
objects deteriorate resulting in the increase in produc-
tion cost of the mined raw material and deterioration of
the competitiveness. One of the most important con-
stituent parts of production cost of the coal mined in
Ukraine is the one connected with maintenance and
repair of mine workings. Increase in the stability of mine
workings with the purpose of their reuse makes it possi-
ble to reduce the total number of mine workings being
maintained, to raise concentration of mining opera-
tions; thus, it cuts coal mining costs.

Statement of the problem. Problems concerning the
design of mine workings with minimum cost for their
construction and further maintenance have always been
one of the key issues while substantiating technical solu-
tions. Their topicality has increased considerably along
with mining deepening, deterioration of mine working
operation conditions, and increase in support material
cost.

Nowadays in the context of Ukrainian deep mines,
the volume of mine workings being retimbered is as high
as 50 % relative to the driven one and the volume of re-
paired mines is 1.7 times as high as the length of driven
ones. In this regard more than 40 % of mine workings
are repaired before their commissioning; 52 % of the
operating mine workings are deformed. Deterioration of
mine workings condition due to heaving makes up 45 %
of the total volume of deformed ones [1].

It is often necessary to have repeated repairs to stabi-
lize permanent mine workings; as for deep mines of the
Donbas in terms of a pillar system of seam mining rep-
etition the factor of repairs within preparatory mine
workings is 2...3 and more.

The issue of adequate evaluation of mine working
construction cost has been brought up many times by
such prominent specialists in the field of mine working
support as K.V.Koshelev, Yu.A.Petrenko and many
others. In particular, they believe that it is far from being
correct to design and construct mine working taking
into account only initial costs when further costs for its
maintenance are not calculated. It is proper to talk about
the cost cut for mine working maintenance to be in op-
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erating condition during the whole its lifetime. Objec-
tive evaluation of the planned costs within the stage of
mine working support design can be obtained by means
of corresponding criterion use.

Analysis of recent research and publications. Volumes
of repair and, consequently, cost of mine working main-
tenance are determined by its condition which can be
described with the help of various parameters.

o= Z/ L stability index being the ratio of total length

of L sites not requiring any repair works to L total
length of a mine working is often used to evaluate the
condition of extended mine working [2]. Mine working
is either totally stable if ® = 1 or completed destroyed if
o = 0. ® parameter characterizes mine working stability
within the certain period of mine working operation.
Thus, it is not informative enough in the context of eval-
uation plan for construction and maintenance costs.

Another peculiarity of o stability parameter is the
fact that it does not consider the character of “support-
rock mass” deformation system such as prevailing rock
contour displacements and displacement intensity.

Similar concept concerning a mine working condi-
tion can be obtained through the parameter of mine op-
eration conditions 0 = R k./yH where R, is uniaxial rock
compression strength, kc is a factor of structural reduc-
tion, y is specific rock weight, H is mining depth [3]. The
parameter helps estimate a degree of operation com-
plexity within a mine working and, thus, make a sub-
stantiated decision concerning parameters of support,
cost of support, and maintenance of mine working.

Another criterion to estimate conditions of a mine
working is its total cost ZC consisting of capital expen-
ditures connected with construction C, and mainte-
nance C, [3]. By doing so, it is necessary to work for
maximum reduce of the cost rate

> C=C,+C, > min. (1)

Unfortunately, the parameter does not contain spe-
cific information on the condition of a mine working. It
should be noted that the cost connected with mainte-
nance of a mine working depends on capital cost value.

It is also quite a reasonable idea to estimate condi-
tion of a mine working on the value of rock contour U,
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displacements which are an aggregated factor of “mine
support-rock mass” system behaviour [4]. The value of
displacements helps determine support load, destruc-
tion area, and nature of deformations in time using them
to specify parameters of support.

The performed analysis shows that none of the fac-
tors gives a chance for comprehensive and reliable esti-
mation of a mine working condition in time and corre-
lates it with total expenditures connected with its con-
struction and further maintenance.

The objective of the article. The objective of the re-
search whose results are stated in the paper is substanti-
ation of the parameter making it possible to use a mine
working condition to forecast cost of its construction
and maintenance taking into consideration type of sup-
port and its parameters, repair cost, and lifetime of the
mine working. To achieve the research objective it is re-
quired to perform a number of underground and numer-
ical investigations concerning estimation of the mine
working condition and selection of rational parameters
of support in the context of specific mine workings. Fi-
nal selection of a support should involve a criterion de-
termining both efficient and economically expedient
operation of the mine working.

Statement of the research basic material. Working
area of western longwall 12 of C,4 seam at Pivdenno-
donbaska No. 1 mine was chosen as the research object
(Fig. 1) [5].

Extraction pillar is mined in return run. The length
of the longwall is 230 m. The length of the working area
is 1050 m. The thickness of the seam is 1.09 m. Occur-
rence mode of the deposit is complicated. Enclosing
rocks have tendency to failure, heaving, and strength
loss while soaking. Consequently, for conveyer passage
support and its reuse while mining western longwall 12
of C,4 seam, three floor rock liftings and retimbering of
the mine working take place. Moreover, the first floor
lifting is performed before the first longwall approach.
Fig. 2 shows generalized results of measurements per-
formed in the working area.

Fig. 1. Excerption of mining plan within western longwall
12 of C ;g 5eam

Taking into account substantial volume of repair be-
ing performed, such support of conveyer passage comes
expensive. Moreover, the technique aimed at mine
working preservation is absolutely inappropriate as for
the geomechanical factor.

As it is known, heaving in deep mines results from
deformation processes involving the whole border area
of rock mass. As [6, 7] explains, it is the indicator of great
mining depth when displacements of the mine working
contour and rock destruction are rather important.

Dinting results in greater heaving as well as decrease
in stability of a mine working. Besides, it disbalances
surrounding rock mass.

After dinting, rate of heaving experiences sensible in-
crease. Mining practice confirms that after two or three
dintings a mine working needs retimbering.

Consequences of the technological process taking
place in mine workings are confirmed by the results of
heaving analysis mentioned in [6]. Thus, it has been
identified that the ratio of rock mass plastic loosening 3
in the neighbourhood of mine working experiences lin-
ear increase depending upon the increase in the number
of dintings: B = 1.12 after dinting one; B = 1.25 after dint-
ing two; and f = 1.33 after dinting three.

It has also been demonstrated that after heaving pro-
cess in mine working, deformation processes affect the
floor rock seriously duplicating size of destructed rocks.

Thus, to preserve stability of a mine working and re-
duce its cost it is required to apply such designs of sup-

Fig. 2. Comprehensive schedule of rock mass border area deformation in conveyor passage
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port which will scale down displacements of rock con-
tour and will make it possible to perform no more than
one dinting during the whole lifetime of a mine working.

In mine working of Pivdennodonbaska No. 1 mine
in the context of support means being used currently,
dependence of roof and floor rock displacements (Fig. 3)
is determined by the following expression

U,=0.076(aln (T) — b)0©2-9), (2

where T'is the time of mine working site operation from
the moment of its performance, months; a and b are co-
efficients depending on parameters of 6 mining condi-
tions; ¢ is variable depending on A coefficient of hori-
zontal stress. For the conditions of deep coal mines: a =
= —0.0380 + 0.052; b = —0.18 + 0.105; ¢ = —0.511% +
+0.80L+0.47; L~ 1.0.

Underground investigations have determined that
the loss of mine working section is mostly the result of
floor heaving; final contour displacements are deter-
mined by the following ratios: U,= 1.4 U, is for the floor;
U.=0.6U, is for the roof.

To reduce repair volumes, the support structure
should prevent contour displacements maximally.

Depending on the level of mine working perma-
nence, the following is applied to achieve the objectives:

- closed support structures for long-life mine work-
ings with complex support conditions;

- combined support structures on the basis of frame
metallic support with bolts, backfilling of the area be-
hind the support and other means to improve stability
are used for basic preparatory mine workings;

- frame and roof bolting for areal mine workings with
1.5...2 years of operating period.

Cost of mine working maintenance within its whole
ZC performance period taking into account cost of C,
as well as number of dintings and retimberings (C, =
= C;+ C,) can be determined by the expression (3)

>.C=C,+C;+C,=C,+Cin+Clm, (3)

where n is the number of dintings within the whole pe-
riod of the mine working operation; m is the number of
retimberings within the whole period of the mine work-
ing operation; C} is the cost of one dinting; C.is the cost
of one retimbering.
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Fig. 3. Dependence of roof and floor rock contour dis-
placements
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The number of dintings and retimberings can be de-
termined according to the value of rock contour dis-
placements both within the whole period of its opera-
tion and the value of critical displacements resulting in
the necessity to carry out repair works

n=U/U;; m=U,/U;. 4)

Critical displacements at which Uy dinting of heaved
rocks and U retimbering are taken as those being equal
to 0.6 m.

It is quite a problem to determine actual costs for repair
works as they are included in various expenditure items.
Thus, averaged estimated costs were calculated for their
estimation at Pivdennodonbaska No. 1 mine involving the
application of ,, Crpoutenbabie TexHonorun — CMETA®
© “Computer Logic Group” program package.

While calculating, various operation volumes were
considered with possible dinting range of 0.5...0.8 m.
Reuse of frames of three-member arch yielding support
as well as 70 % of ties were taken into account for
retimbering operations. Volumes of operations for mine
working widening are taken as those being equal to 20 %
of its excavated cross section.

The results of the performed calculations have made
it possible to determine that in terms of mine, the cost of
its retimbering is 2.5 times as high as the cost of its din-
ting, i.e. C}=2.5C. Taking C.L= C;. as the cost of a sin-
gle repair, total cost of mine working can be represented
by the expression (5)

Y>.C=C,+nC,, +2.5mC,, =
—C.+C(n+2.5m)=C, + PC"

sro

)

where P, = (n + 2.5m) is the parameter of mine working
repairability.

Consideration of rock displacement intensity and
time of mine working operation are the features of the
approach to select mine working support.

Mine working operation will be the most efficient
and expedient in case if no more than one dinting
(n<1.0) is performed during its performance period and
if roof displacements will not result in mine working
retimbering. In this context roof rock displacements
should not be more than the value of support yielding
being equal for standard three-member structures of
300 mm (i.e. m = 0.5). Thus, mine working support and
additional measures should ensure such roof and floor
displacements under which maximum value of repair-
ability parameter will be P.= (1.0 + 2.5 - 0.5) < 2.25 that
can be considered as the criterion of expediency for re-
peated mine working use considering both the condition
of mine working and volumes of repair works within the
whole period of its performance.

Let us consider the possibility to reduce the cost of
supporting conveyer passage of western longwall 12 of
C g seam in order to preserve it for reuse. As it has been
shown earlier, use of frame roof bolting with roof-bolt
setting immediately after mine working performance is
the efficient way to ensure mine working stability. It will
allow preventing foliation of near-contour mass, large
deformations, and rock displacements.
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The first task in this context will be to determine
such a number of roof bolts at which floor rock displace-
ments will not necessitate rock ripping before the first
longwall approaching. Operating experience shows that
in this case heaving value within the conjunction point
with a longwall should not be more than U, < 0.4 m.

Let us perform numerical modeling of the behavior
of “mine working support-mass” geomechanical system
for the considered conditions of coal mining at Piv-
dennodonbaska No. 1 mine.

Initial calculation data are as follows. Initial stress
field generating by the weight of the overlying rock for
the specified depth is 6, = y/{ = 10 MPa. In this context
v =25 kN/m? is specific rock weight, H = 400 m is mine
working depth. Boundary conditions are specified with-
in displacements — all the boundaries are fixed firmly.
Boundary of mine workings is free from stresses. Table 1
shows physical and mechanical properties of enclosing
rocks.

Several stages to determine stress and strain state of
the mass area including conveyer passage and western
longwall 12 of C\g seam were modeled.

Stage one of the calculations was aimed at adapta-
tion of deformed rock mass model and calculation algo-
rithm to real rock properties and conditions of mine
working operation, i.e. “calibration” of both model and
calculation procedure was performed [8]. Fig. 4 shows
calculation scheme to solve the problem.

Initially, single mine working (conveyer passage) was
modeled within undisturbed rock mass. Variants with
floor rock heaving and their dinting were studied to eval-
uate mine working condition under specified conditions.

The next stage involved introduction of the system of
standard steel and polymer 2.4 m long rock bolts into
calculation scheme. Steel and polymer rock bolts were
simulated by “Phase-2” facilities as steel rods fixed in
the mass by means of polymer [9].

The applied research method makes it possible to de-
termine displacements of mine working contour as well as
broken rock area generating support load. It is possible to
find the area on the basis of the adopted theory of strength.

Hoek-Brown strength criterion is the most tested
and widely used in applied program packages. The crite-
rion allows evaluating the level of rock breakage within
the considered ambient point in terms of total effect of
standard and shearing stresses taking into account both
natural and technogenic disturbance of rock mass [10].

“Phase-2” software contains module implementing
test of generalized Hoek-Brown criterion in the form of

ci

a
o
Gl:G3+Gci(mb_3+sj g (6)

where o, and o3 are maximum and minimum rock
stresses, m, is Hoek-Brown constant take for rock mass,
s and a are constant values taking into account genesis
of rocks and their conditions, o, is ultimate uniaxial
compression stress limit of rock mass in the intact con-
dition.

Criterion ratio (6) is tested within each rock mass
point; thus, breaking zone occurring as a result of stress

ISSN 2071-2227, HaykoBun BicHuk HI'Y, 2017, N2 2

Table 1

Physical and mechanical properties of coal
and enclosing rocks

2 2 o
Characteristic Tg % E é
©| | 3 2
A <
Elasticity modulus 9200 | 5700 | 2900 | 3000
(Young's modulus), MPa
Poison’s ratio 0.26 | 0.25 | 0.25 | 0.25
Compressive strength, MPa 20 50 25 23

Fig. 4. Calculation scheme for undisturbed rock mass
modeling

concentration within mine working areas is detected.
Fig. 5, a shows broken rock zone according to Hoek-
Brown criterion at the stage of mine working operation
before the first longwall approaching. Fig. 5, b shows
mine working contour displacements.

The obtained displacement values (0.69 m within the
floor, 0.39 m within the roof, 1.02 m within the walls)
correspond to the displacement value under real condi-
tions of operation of conveyer passage of western long-
wall 12 of C,g seam. Coincidence of calculation and ob-
served values is reached by means of correcting s, a, m
constants being the constituent parts of the criterion (6)
and taking into account both genesis and structure of
rock mass on the basis of analysis of geological data and
visual mine working inspection.

Floor heaving makes it impossible for the mine
working to operate. That is why rock dinting is per-
formed before longwall approaching. This process is
modeled by means of “rock” extraction within a mine
working along the height of floor raising. Fig. 6 shows
rock displacements when floor dipping is performed.
Sharp increase in broken rock area around mine
working (by 15.5 m?) proves negative effect of rock
dipping.

Comparison of calculated contour displacements
and real condition of a mine working shows that ambi-
ent deformation model within the frameworks of
“Phase-2” program is calibrated; it can be used as the
basis to predict the occurrence of mining pressure for
other situations and support types. The stage before the
first longwall approaching will involve use of roof bolts
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a

b

Fig. 5. Results of numerical modeling of single mine working beyond the area of stoping effect:
a — is broken rock zone (BRZ); b — are displacements within mine working contour

Fig. 6. Displacements within mine working contour after
foor rock dinting

as the reinforcing components. Fig. 7 shows calculation
scheme to solve the problem.

One should reach the result of floor rock displace-
ment by the value being no more than 0.4 m, when rock
dinting is not required, to preserve standard mine work-
ing condition while longwall driving. However, on the

a

Fig. 7. Calculation scheme to model rock bolting systems

contrary to the considered conditions, during this stage it
is necessary to take into account longwall effect resulting
in intensification of rock displacement, especially within
the floor. To consider bearing pressure of longwall face
moving at the front, the so-called K, = 1.3 surcharging
coefficient is introduced; conditions along vertical

b

Fig. 8 Results of humerical mine working modeling with rock bolting within stoping effect zones of:
a — zone of broken rocks; b — displacements within mine working contour
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boundary of the studied area change. K), coefficient value
is substantiated from the consideration of mine field 3D
model [10].

Fig. 8 shows modeling results while mounting 6 rock
bolts within the mine working arch. Introduction of the
rock bolts reduces development of displacements before
longwall approaching: by 20 cm in the roof, by 8...10 cm
in the walls, and by 19 cm in the floor (U;= 50 cm). It is
obvious that rock bolts mounting only within hill area
allows cutting displacements within mine working roof
considerably. To reduce heaving of floor rocks it is re-
quired to increase the zone of reinforced near-contour
mass at the expense of rock bolts arrangements along the
whole mine working contour.

Fig. 9 represents the results of modeling rock bolting
system with the different rock bolt number. Limitation
of floor rock displacement to the required value is 40 cm
with 10 rock bolts and 35 cm with 12 rock bolts. At that,
if mine working section while driving is S = 13.4 m? and
within conjunction with longwall in terms of fixation
scheme adopted in mine being S= 7.7 m? (57 %), then in
terms of frame roof bolting the section is as follows: .S =
=9.9 m? (74 %) if there are 10 rock bolts, .S = 10.2 m?
(76 %) if there are 12 rock bolts. It helps provide suffi-

b

Fig. 9. Effect of rock bolts number mounted within a mine
working:
a — upon the change in contour displacements; b — upon
the change in cross section area
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cient cross section area of a mine working to operate
within “longwall-entry” conjunction without labour-
consuming and costly floor rock dinting.

However, to achieve the result it is required to increase
capital cost for mounting rock bolting while driving.

Fig. 10 shows the dependences of C, cost increase
for repair works for various support structures taking
into account C, capital cost and period of mine working
operation.

The calculations show that the capital costs increase
while using frame roof bolting (12 rock bolts along the
mine working perimeter) is compensated at the expense
of considerable cost reduction for repair works; in
6 months of operation total cost of the proposed support
will be lower than the applied frame structure.

An option of using costly circular support has been
also considered. The support limits total rock contour
displacement by U,= 0.3 m yielding value; however, it is
very expensive as well as labor-consuming while mount-
ing (Table 2).

Fig. 10. Increase in repair cost for various support struc-
tures

Table 2

Cost of a mine working (thousand UAH/m) taking into
consideration expenses connected with construction
and maintenance depending on various support types

O |3
RS
Support ;, 51_.:) 2 ?o?_.\]
= = O L2
B |E°|ES
3 | =
According to the specification: 13.08 | 8.16 | 21.24
KMP-A3/11.2 from SVP-27,
1.25 metallic
KMP-A3/11.2 with 6 roof bolts in 14.82 | 5.44 | 20.26
the roof only
KMP-A3/11.2 with 12 roof bolts 16.26 | 2.11 | 19.28
along the whole contour
Circular, metallic, 1.25 metallic 22.31 | 1.61 | 23.92
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Fig. 11 shows changes in P, repairability of a mine
working depending on the period of its operation and
support type.

As it has been demonstrated above, those support
structures associated with extra measures are rational
from the viewpoint of deformation processes develop-
ment and considered as economically expedient if
their repairability coefficient is no more than P, < 2.25.
As it is seen from the data in Fig. 11, such supports are:
circular support (P, = 0.95; that is contour displace-
ments will not result in the necessity of repair opera-
tions), and frame and roof bolting where roof bolts are
mounted along the whole perimeter of the mine work-
ing (P, = 1.3. Operation period will involve only one
dinting).

For the frame support used currently in the mine,
repairability coefficient is P.= 3.9 when its operating pe-
riod is T'= 2.5 years, and integrated cost of its construc-

tion and maintenance ZC is almost UAH 21.24 thou-

sand/m. Total cost of frame and roof bolting will be less
owing to the decrease in repair volume even in the con-
text of increase in capital cost (P.=1.3...2.5).

As for the high cost and labor intensity of closed sup-
port structure (C.= UAH 22.31 thousand/m), it is expe-
dient to construct it only when operation period of a
mine working is long.

Conclusions and recommendations for future re-
search. To substantiate rational support parameters to
decrease total expenditures connected with construc-
tion of a mine working and its maintenance, repair-
ability coefficient has been proposed involving inten-
sity of rock contour displacements and cost of repair
operations resulting from critical displacements of roof
and floor. A number of field studies and numerical
ones have been carried out for Pivdennodonbaska
No. 1 mine. The studies helped determine regularities
of deformation processes taking place within near-
contour rock mass. The obtained results relying upon
the specified criterion of a mine working repairability
made it possible to substantiate rational support struc-
ture helping to reduce expenditures connected with
repair operations. The proposed technique is applica-
ble in the process of support system design and for the

Fig. 11. Dependences of P, mine working repairability
parameter on period of its operation and support type
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methods aimed at improvement of stability of mine
workings.
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Meta. OOrpyHTyBaHHS TTOKa3HUKA, 110 JO3BOJISIE
3a CTAaHOM BMPOOKM TPOrHO3YBaTH BapTiCTh ii CIIOPY-
JOKEHHS Ta MATPUMKU B KOHKPETHUX TIPHUYO-TEO0JI0-
TYHUX YMOBaX 3 YpaxyBaHHSIM TUITY I TapaMeTpiB Kpi-
IUIEHHS, 0OCSTiB i BAPTOCTI PEMOHTHHUX PODIT, a TAKOX
TePMiHY eKCIUTyaTallii.

Metoauka. 3acTOCOBaHi METOAM y3arajibHeHHs i
MOPiBHSIBHOTO aHai3y, 00pOOKY JaHUX IIAXTHUX J10-
CITKeHb, MATEMAaTUYHOTO (YUCETHHOTO) MOJIETIOBAH-
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HSI TEOMEXaHIUHMX IIpOLECiB, OLIIHKA EKOHOMIYHOI
e(PeKTUBHOCTI.

Pe3yasTaTn. OOrpyHTOBaHAa METOAMKA BU3HAUCH-
HSI CYMapHUX BUTPAT Ha CIIOPYIXKEHHS Ta MIATPUMKY
MPOTSIKHOI BUPOOKHU. 3aIPOINMOHOBAHO MOKA3HUK pe-
MOHTYBaHHSI BUPOOKU, 1110 BPaXOBY€E iHTEHCUBHICTb
3MillleHb ITOPOJHOTO KOHTYPY 1 BapTiCTh PEMOHTHUX
po0IT, BUKJIIMKAHUX KPUTUYHUMU 3MIIIEHHSIMU T10-
KpiBJi Ta MigoWBU. 3a MOKAa3HUKOM PEMOHTYBaHHS
OOTPYHTOBAHO KPUTEPIiii, 110 TO3BOJISIE BUOpATH pa-
LiOHaJbHI MapaMeTpU KPIiMJIEeHHS 3 METOK 3HUXEH-
HS 3aTaJlbHUX BUTpPAT Ha EKCIUTyaTallilo BHPOOKMU.
Hns ymoB maxtu ., [liBmerHOmOHOackka No 1° BuKO-
HAaHO KOMIIJIEKC HATYPHMX i YMCEIBHUX TOCTiIKEHb,
1110 J103BOJIMJIA BCTAHOBUTU 3aKOHOMIipPHOCTI MpPOTi-
KaHH$ AedopMalifHUX ITPOLIECiB Yy MaCcHUBi TTOpia Ha-
BKOJIO BUPOOKM 3 paMHUM i paMHO-aHKEPHUM Kpi-
TUICHHSIM.

HaykoBa noBu3Ha. /1151 ymoB maxtu ,,IliBaeHHO-
noHOackka Ne 1° po3pobiieHa HOBa YMceIbHA MOJIEITh
reoMexaHiyHOi CUCTEMU ,,KpiIllJIEHHSI BUPOOKM-Ma-
CUB®, 1110 T03BOJISIE BUBYATH AedopmMalliiiHi mpolie-
CcM, TIOB’s3aHi 31 3IMMaHHSIM TOpiJa MiJOIIBU Ta iX
MiApUBAHHSIM, CTOCOBHO IO Pi3HUX €TamiB eKCIlTya-
Tauii BUpOOKMU. BcTaHOBIEHO 3aKOHOMIPHOCTI Je-
dopmyBaHHS HAaHOI TeOMEXaHiUHOI CHUCTEMH, IO
J1aJI0 MOXJIMUBICTh OOIPYHTYBATHU palliOHaJIbHi mapa-
METpU MiATPUMKU BUPOOOK IJisI 3HMKEHHSI BUTpAT
Ha PEeMOHTHI poOOTM B yMOBax IIaxTu ,,IliBoeHHO-
noHOachka No 1°,

IIpakTuuHa 3HaYMMiCTh. MeTOMMKA BU3HAUCHHSI CY-
MapHUX BUTpAT Ha CIIOPYIKEHHS Ta MiATPUMKY TIpO-
TSIKHOT BUPDOOKY MOXKe OyTU BUKOpUCTaHa MPU MPOoeK-
TYBaHHi pallioHaJIbHUX CUCTEM KpiIJIeHHS i Ccroco0iB
MiABUILEHHS CTIAKOCTI BUPOOOK I1IaXT.

Kimouosi ciioBa: niompumia eupodku, 30umants no-
pio, nidpueanHs nidowéu, 3miuwjeHHs Nopio, 30Ha He-
npYyACHUX Dehopmauiil, pamMHO-aHKepHe KPinaeHHs

Ieas. OG0OCcHOBaHME MOKa3aTes, MO3BOISIOLIETO
MO0 COCTOSIHUIO BBIPAOOTKM IIPOrHO3MPOBATh CTOM-
MOCTb €€ COOPYXKEHMS U NMOLNEPXKAHUA B KOHKPETHBIX
TOPHO-TEOJIOTMYECKUX YCIOBUSIX C YIYETOM THUIIA U Ma-
paMeTpOB Kpernu, 00bEMOB U CTOMMOCTU PEMOHTHBIX
paboT, a TakXKe CpoKa IKCILTyaTalluu.
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Meromuka. [IpuMeHeHBI MeTOAbI 000OIIEHUS U
CPaBHUTEJIBLHOIO aHajiu3a, 00pabOTKU JAaHHBIX IIAXT-
HBIX MCCJIeI0BAaHUI, MaTeMaTUYECKOTO (YUCIEHHOTO)
MOJIEJTMPOBAHUSI TEOMEXaHUIECKHX TIPOIIECCOB, OlIEH-
K1 9KOHOMUYECKOU 3(D(HEKTUBHOCTH.

Pe3ynbTaTel. OOOCHOBaHAa METOIMKA OIPEICICHUS
CYMMAapHBIX 3aTpaT Ha COOpPYXKEHUE M TOIAcpKaHUe
MIPOTSCKEHHOM BBIpaObOTKM. [IpemmoxeH IoKasaTesb
PEMOHTHPYEMOCT! BBIPAOOTKM, YUYMTHIBAIOIIMI WH-
TEHCHUBHOCTb CMEIIICHUI TIOPOTHOTO KOHTYpa M CTOM-
MOCTb PEMOHTHBIX Pa0bOT, BHI3BAHHBIX KPUTUUECKUMU
CMEIIeHUSIMU KpoBiu U TouBkl. [lo mokazatenio pe-
MOHTUPYEMOCTH OOOCHOBAaH KPUTEPUIiA, IMO3BOJSIO-
Wi BEIOpATh palliOHAJIBHBIEC TapaMeTPhI KPETIH C Iie-
JIBIO CHVDKEHMS OOIIMX 3aTpaT Ha SKCILTyaTalluio BbI-
pabotku. JIns ycnoBuii maxthl L, KOxHOmoHOacckast
No 1% BBITIOTHEH KOMIUIEKC HATYpPHBIX U YMCJIEHHBIX
HCCIIEOBAaHNI, KOTOPhIC MO3BOJIMIIM YCTAHOBUTH 3a-
KOHOMEPHOCTU MPOTEeKaHUs AeDOPMALMOHHBIX MPO-
1IECCOB B MaCCHBE ITOPOJ BOKPYT BEIPAOOTKHU C paMHOM
U PaMHO-aHKEPHOM KPEMbIO.

Hayunas HoBu3na. JIyisi ycimoBuit maxrtsl ,, FOxHO-
noHO6acckas Ne 1 pa3zpaboraHa HoBasl YMCIeHHAsT MO-
JIeJIb TeOMEXaHUYECKOM CUCTEMBI ,,KpeIlb BhIPaOOTKM -
MaccuB*, KOTOpas MO3BOJISIET U3y4aTh AeOopMaliOH-
HBIE TIPOIIECCHI, CBSI3aHHBIE C ITyYeHHEM ITOPO TTIOUBBI
U VX TTOAPBIBKOM, TPUMEHUTENIBHO K Pa3INYHBIM 3Ta-
MaM 3KCIUTyaTallii BBIPAOOTKU. YCTaHOBJIEHBI 3aKO-
HOMEPHOCTH Ie(OPMHUPOBAHMS TaHHOM TeOMEXaHM-
YeCKOI CHCTEMEI, YTO ITO3BOJIMJIO OOOCHOBATh PaINO-
HaJIbHBIE TIapaMeTPhl MOIIEePKAHUS BBIPAOOTOK IS
CHIDKCHMSI 3aTpaT Ha PEeMOHTHBIC paOOTHI B YCIOBUSIX
maxThl ,, FOxxHomon6acckast Ne 1.

IIpakTHyecKas 3HAYMMOCTb. MeTooMKa OIlpeaesie-
HUSI CyMMapHBIX 3aTpaT Ha COOPYKEHUE U MoAaepxKa-
HUE MPOTSKEHHOM BEIPAOOTKH MOXKET OBITh UCITOJIB30-
BaHa MPU IMPOSKTUPOBAHUM PALIMOHAJBHBIX CUCTEM
KpEI U CITOCOOOB MOBHIIICHNST YCTOMYMBOCTH BBIpa-
0OTOK I11aXT.

KimoueBble ciioBa: noddepacanue vipabomiu, nyue-
Hue nopood, NOOpPbIBKA NOUEbL, CMeUeHUs Nopoo, 30Ha He-
ynpyeux deghopmayuii, pamHO-aAHKEPHAs KPenb

Pekomendosano 0o nybaikauii dokm. mexH. HayK
A. M. Poenkom. lama nadxodxcenns pykonucy 06.04.16.
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