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Purpose. Determination of the effective interaction parameters of cable anchors and other elements of combined
bolting system while maintaining the recessed development in unfavorable geological conditions to increase its stability.

Methodology. The main method of study was a comparative statistical analysis of results of computational experi-
ments carried out by the non-linear finite element formulation for the geomechanical problem. Modeling of water
content, cracks content and rheological characteristics of the rock massif was carried out in the form of correction
coefficients, and specifies a family of curves with three control parameters. The heterogeneity of the rock mass was set
geometrically.

Findings. Quantitative and qualitative indices of the impact of rope anchors on the change in the stress intensity of
resin-grouted roof bolts were defined. The basic area of reducing the stress intensity is directly adjacent to the circuit
output. The degree of exposure of a combination of roof bolting to heterogeneity of the enclosing rock massif and
non-linear mechanical characteristics was determined.

Originality. The dependence of stress-strain state of resin-grouted roof bolts on the parameters of the installation
of rope anchors with increasing depth of the weak development in the host rocks was estimated. The characteristics of
the interaction of rock layers and rope anchors on the recessed dome of mine working were obtained.

Practical value. Parameters were worked out for application of combination of roof bolting as a bolting system ele-
ment in mines located in the areas of geological faults, water-bearing rocks, upon the availability of thin inter layers
of coal, calcite or carbon-bearing mudstones within more than 0.7 depths of anchors jointing. The limits of the angle
of installation of rope anchors are developed, providing increase in the carrying capacity of the bolting system of

resin-grouted roof bolts.
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Introduction. At the present time, a vast majority of
mine workings of coal mines is done involving the use of
anchor support. At the same time, technological capa-
bilities of underground mining of mineral deposits en-
hance. Simultaneously, new tasks connected with an-
chor bolting arise.

Mines in Ukraine as well as those of Altai, Buriatia
and Kazakhstan, have gained considerable experience
of application of two-level anchor support to solve the
following tasks: support of mine workings and road-
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heads up to 12 m wide; preliminarily driven and formed
dismantling chambers; reinforcement of roadways sup-
port for their reuse [1] and non-pillar mining of coal re-
serves [2]; reinforcement of roadway support for stoping
face operation without mechanized face-end support
[3]; strengthening of mine workings support for their
preservation with the purpose of gas-control, drainage,
providing emergency openings [1, 4]; strengthening of
roadway support in the zone of the advancing rock pres-
sure [1, 2]; ensuring stability of near-the-contour massif
of rocks of mine workings at shall depths, unstable rocks,
in zones of geological faults [1, 3]; installation of sus-
pension-type monorail [2], etc.
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Statement of the problem. Redistribution of stresses
in the rock massif during the drivage and support of
mine workings and junctions is followed by significant
horizontal and vertical displacements of rocks, both
along the mine working line, and in bearing massif. For-
mation of deformation zones at disintegration of the
massif promotes increase in the actual supported span of
mine workings from its width (from B to B + Al) and
stratification height to (0.5—0.7)B which makes it im-
possible to support mine workings without additional
reinforcement of support [1].

Traditionally, prop, mixed and frame supports are
used for support reinforcement of wide mine workings.
Compared with them, anchor support has the following
advantages: low material inputs and metal consumption;
low labor intensity at delivery and installation; it does
not obstruct the passage of people and transportation of
the equipment; it does not require support remounting
while installing equipment in mine workings.

Therefore, to provide a steady condition of wide
mine workings and their junctions for the whole peri-
od of exploitation, it is the most appropriate to apply
the two-level scheme of anchor bolting, where deep
laying anchors (level 2) are used apart from anchors
up to 3 m long (level 1). Anchors of second level are
fixed in steady roof rocks outside the dome of natural
rockfall taking into account weakening and deforma-
tion of mine working walls (Fig. 1). At the same time,
unstable roof rocks are bolted with anchors of the first
level and “suspended” on anchors of the second level
to steady roof rocks outside the dome of natural rock-
fall.

The objective of the conducted research is the search
of acceptable and optimal parameters of the two-level
anchor system installation for supporting the dome of
mine workings in weakly metamorphosed rocks.

Description of the computational model. The size of
the computational model made 35 m wide, 23 m high
and 0.4 m deep (along the mine working axis) in the
main calculations and 4 m in the test ones. Restrictions
in the form of conditions of symmetry of stress-strain
state (SSS) in a continuous body were imposed on sides
of the calculated area. On the top and lower edges of
models, loading in the range from 5 to 10 MPa was ap-
plied which corresponds to the depth ranging from 400
to 800 m regarding the Western Donbas.

TYSS Frame support (Tent-shaped Yielding Stable
Support) is modeled by real geometry of cross-section
of SCP (Special Concave Profile) with thickness of a
special profile of 123 mm and 149.5 mm wide for
SCP-27. The special profile is made of St5 steel with the
following mechanical characteristics: fluidity point of
o= 270 MPa, module of elasticity £ = 21 - 10* MPa,
Poisson»s ratio p = 0.3. Widely-mashed steel lattice,
which is put between a rock contour of mine working
and frame support, is used to ensure communication be-
tween anchors and a frame, as well as to prevent free
rockfalls in cavity of mine workings. Modeling of the
given technological object is performed by means of in-
sertion into the model a special 50 mm thick interlayer
with the lowered strength characteristics, concerning
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the material of a real lattice, and the small value of resis-
tance to transverse effort.

The anchors that were modeled within the test cal-
culation are 2.4 m length with the diameter of 22 mm.
The side anchors (Fig. 1, a) are installed at a distance of
800 mm from the average with an angle of slope of 30 to
the vertical. The scheme of anchors installation is taken
from passports of drivage and bolting of roadways at
“Yubileina” and “Stepova” mines.

While modeling the rope anchors their length made
6 m, the “working” diameter of model of a rope was
26 mm. The step of installation of the rope anchors
made 1 m, which does not coincide with a step of instal-
lation of other elements of the support, therefore, the
case with the smallest mutual influence of the frame,
resin-grouted and rope anchors is chosen for calculation
when the distance between these objects made 200 mm
in the direction of the mine working axis.

The workings layout towards the coal seam can be per-
formed with underbreaking up to 1.0...1.5 m. Therefore,
for the testing model, a value of under breaking of 1.1 m
was chosen from seam up-dip. It allows keeping adequacy
of the model to real features of in-seam mine workings
bedding within a linear error to 10 % of SSS system field of
the system around frame support props [1]; in other areas
of the model the error is significantly lower.

Calculation conducted in elastic-plastic statement
with regard to weakening factors of near-the-contour
rocks is quite enough to define the characteristics of
rope anchor behavior [3]. The bilinear diagram of
stresses and deformations relation is used for the de-
scription of materials behavior of the model in a limit
and out-of-limit state. The computing error accepted
during the given computing experiment made 4 % that
cannot negatively affect quality and absolute measures
of obtained values of SSS of the considered system.

Testing of computational model. On the basis of test-
ing calculation, estimation of minimum permissible
sizes of the model on vertical Y, horizontal X and Z co-
ordinates (model depth) is performed. The analysis
(Fig. 2) of the diagrams obtained has allowed conclud-
ing that influence of cross symmetry, in this case, does
not lead to perceptible distortion of the stresses field.
Values of stresses did not differ more than by 0.07 MPa
which makes no more than 11 % of an error during com-
parison in distinguishing points of the separate planes of
the model cross section. Thus, it becomes possible to
conduct calculations without a large number of frames,
which allows significantly reduce dimension of a prob-
lem.

Along the upper and lower boundaries of the model
(depth of the mine working axis layout is =600 m, y =
= 75 kN/m?) almost uniform (deviations to 1.2 %)
(7 MPa on the upper boundary and 8.5 MPa on lower
one) distribution of vertical component o, is established
that is equal to the value of untouched massif and indi-
cates accepted vertical sizes of the model. In the sides of
mine working, perturbations o, are fading at a distance,
approximately, twice as small as the layout of the side
boundaries of the model. Unloading zones 6, are formed
in the roof and bottom, in the sides, basic pressure is
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a b c

Fig. 1. Stress intensity at the depth of H= 800 m with an angle of anchor installation of 85° (a), 80° (b) and 75° (c)

formed, which corresponds to existing geomechanical
research studies. The analysis of the diagram of the giv-
en stresses distribution shows their full stabilization on
the lower boundary of the model, on the upper bound-
ary of the model, perturbations ¢ are rather small (to
4.7 %) and are caused by influence of rock layers falling
on distribution of efforts on the bedding planes. Near
the roadway, the distinct area of the unloaded rocks in
roof and bottom is observed, and the sides of mine
working feature concentration of stresses that intensifies
the process of bottom heaving of weak rocks. These re-
sults are in agreement with the developed representa-
tions [ 1—3] about geomechanical processes nearby mine
working.

Presentation of the main research. The analysis of in-
fluence of an angle of installation of rope anchors on
internal effort distribution in the geotechnical system of
extraction mine working in complicated mining-and-
geological conditions will be based on changing the
characteristics of a stresses maximum in the computa-
tional model. Since the change of the installation angle

Fig. 2. Distribution of vertical stresses that were obtained
while solving testing problem at the depth of H =
600 m
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of the anchor implies redistribution of influence on its
behavior of various a stresses components, usage of dia-
gram of stresses ¢ intensity is the most preferable while
analyzing calculation results (Fig. 1).

At the installation angles of rope anchors which are
close to the vertical, 85 to 88°, distribution of intensity
pattern has a number of features caused, first of all, by
peculiarities of geological structures of the massif.
Fig. 1, a shows clearly that rope anchors do not transfer
load on a meter layer of sandstone. Thereby, the scheme
of a suspension of the immediate roof of mine working
to the main roof is not implemented. As a result, exces-
sive difference between the main stresses in the sole oc-
curs (Fig. 1, a) leading to an intensive rock heaving. At
the same time, rather small zones of high intensity of
stresses ¢ are observed in the walls of mine workings. It
creates illusion of effective operation of rope anchors.
However, similar redistribution of stresses leads to sig-
nificant value of maximum difference between the main
stresses in the construction of the frame-anchor sup-
port. It means that under such mining-and-geological
conditions, the large installation angles of rope anchors
result in rapid growth of pushing away efforts of mine
working bolting.

From the value of an installation angle of rope an-
chors of 83° onwards, distribution of stresses intensity
pattern in rock massif changes sharply. Firstly, diagrams
(Fig. 1) show that rope anchors complete the main task
of supporting the immediate roof of mine workings,
stresses intensity increases sharply in that part of the an-
chors which passes through a sandstone layer. Secondly,
in the sole, intensity of stresses has the minimal value;
therefore, a possibility of starting the mechanism of rock
heaving becomes minimal. Thirdly, in the walls of mine
workings, zones of high intensity of stresses are formed
that means that significant shearing stresses occur. It is
caused by decreasing pressure on the boundaries of lith-
ologic differences and leads to increasing wall pressure
upon frame props, at the same time values of a vertical
component of rock pressure decrease.

At the installation angles of rope anchors of 72 to
83°, insignificant growth of stresses intensity, close to
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linear, in the walls of mine workings is observed. If you
compare the respective areas of diagram stresses in
Fig. 1, c and Fig. 1, b, you will see that the growth is fol-
lowed by increasing unloading zone in the immediate
roof of mine workings. It is indicative of increasing effi-
ciency of rope anchor operation with increase in an in-
stallation angle. However, improvements of such index
are followed by decreasing operation of resin-grouted
roof bolts, in other words in the “frame-anchor support-
rope anchors” system there occur changes of compo-
nents in the load-bearing construction resulting in the
growth of stresses in frame with the loading on resin-
grouted roof bolts decreasing. Distortion in the distribu-
tion of internal efforts support construction that can
cause premature failure of one of its elements occurs.

Thus, it is necessary to consider the most effective
installation angle of the rope anchor proceeding from
two conditions: firstly, the influence of the installation
angle on distribution of stresses in near-the-contour
massif; secondly, mutual influence of support structural
elements at various installation angles of rope anchors.
Results of the analysis of the first situation can be pre-
sented in the form of a set of diagrams which clearly
demonstrate extent of degree of influence of rope an-
chors on the maximal values of stresses intensity (Fig. 3).

The second situation requires an independent analy-
sis of interaction in two systems: “rope anchors — resin-
grouted roof bolts” and “rope anchors — frame sup-
port”. We choose the main calculation with rope an-
chors established at an angle of 80° at laying depth of
mine working of H= 600 m as the basis of the analysis.

Based on comparison of the obtained results, it is
obvious that influence of rope anchors on resin-grouted
roof bolts leads to decreasing stress intensity in bodies of
the last ones. In the illustrated example, unloading of
side resin-grouted roof bolts made about 14 %, which is
equal to about 21 MPa in absolute values. At the same
time, the main zone of decreasing stress intensity situ-
ated directly along the rock contour of mine workings. It
allows drawing a conclusion of reduction of stress gradi-
ent in the dome of mine workings that means decreasing
probability of active crack content formation in this area
of the computational model. On the other hand, the
given result calculations shows that changes of SSS in
the central resin-grouted roof bolt towards the testing
calculation made about 4 % that is comparable to a
computing error.
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Fig. 3. Diagrams of maximum stress intensity changing in
rock massif for testing calculation H= 600 m (a) and
at different installation angles of anchor at depths of:
H=400m (b); H=600m (c) and H= 800 m (d)
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However, from the installation angle of rope anchors
of 83° onwards, the pattern of their interaction with res-
in-grouted roof bolts begins to change. The central res-
in-grouted roof bolt unloads in the calculation option as
well with the installation angle of anchors of 88°, the size
of unloading reaches a maximum of 12 % that is fol-
lowed by growth of load on side anchors by the value of
9 % concerning the calculation for the installation angle
of rope anchors of 83°. Dependences of changing condi-
tion of resin-grouted roof bolts on the depth of mine
working drivage and an angle of rope anchors inclina-
tion are given in Fig. 4.

The obtained dependences (Fig. 4) coupled with
stress pattern (Fig. 1) allow drawing a firm conclusion of
qualitative change that is of non-linear character, fea-
turing characteristics of the anchor system of the level 1
during the measurement of rope anchor layout (level 2).
At the same time, construction features of resin-grouted
roof bolts — including length and angle of inclination —
influences the distribution of internal efforts in rope an-
chors of deep laying in a less degree rather than vice
versa. The extent of influence of the angle of inclination
of the rope anchor grows proportionally to the depth of
laying of supported mine workings and has the charac-
teristics close to linear.

Now it is necessary to consider the features of inter-
action of the frame and rope anchors revealed as a result
of calculations. During the analysis of vertical stresses
diagrams (Fig. 1, 2) two features of changing distribu-
tion of vertical stresses in frame support were revealed
while applying rope anchors: firstly, rope anchors pro-
vide decreasing stretching stress value at the top part of
the frame to 37 %; secondly, the density of the change
and value of gradient of vertical stresses in props of
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Fig. 4. Degree of impact of an installation angle of rope
anchors on stress distribution in the side (a) and cen-
tral (b) resin-grouted roof bolts taking into account
the depth of mine working drivage
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frame support decreases consequently by 22 and 9 %.
These indices unambiguously indicate improvement of
operational conditions of frame support during applica-
tion of rope anchors in the given mining-and-geological
conditions.

Diagrams of maximums of vertical displacements
arising in props of frame support during installation of
rope anchors under various angles are represented in
Fig. 5. In general, proceeding from the presented pat-
tern, it is necessary to make a conclusion of positive im-
pact of rope anchors on stability and constructive dura-
bility of frame support. At the same time, it is necessary
to notice that dependence between the installation angle
of a rope anchor and value of stress maximum is of pro-
nounced non-linear character and with an increasing
angle the extent of the anchor influencing the SSS in
props of a frame falls.

Thus, all the features of influence of depth of mine
working layout and the installation angles of rope an-
chors on formation of stress-strain state of the “an-
chors — support — massif” system have been considered
during the complex analysis. This analysis has allowed
receiving a number of non-linear dependences charac-
terizing peculiarities of applying rope anchors at “Yu-
bileina” and “Stepova” mines, PJISC “DTEK Pav-
lohradvuhillia” that allowed increasing dome stability of
extraction mine workings at the available production
units.

Conclusions. Application of resin-grouted roof bolts
as the only type of bolting is not acceptable in mine
workings located in zones of geological faults, water-
bearing rocks if there are thin interlayers of coal, calcite
or carbon-bearing mudstones within more than 0.7
depths of anchor jointing. The bearing capacity of the
“anchor-rock” system in this case decreases by 2—3
times on tangential stresses, which does not provide
dome stability of mine workings.

The two-level system allows keeping a stable condi-
tion of dome of mine workings performed in compli-
cated mining-and-geological conditions by decreasing a
gradient of internal efforts to 20—30 % that reduces
probability of growth of horizontal and vertical cracks by
coefficient 0.17 while determining optimum indices of
geometry of rope anchors and resin-grouted roof bolts
installation. It allows increasing the term of exploiting
mine workings which are under the influence of inten-
sive rock pressure.
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Fig. 5. Diagrams of vertical intensity maximum changes
in frame support depending on installation angle of
rope anchors at the depth of 600 m (b) in comparison
with the testing calculation (a)

18

References.
1. Rustan, A., Cunningham, C., Fourney, W. and
Spathis, A. T., 2010. Mining and Rock Construction Tech-
nology Desk Reference: Rock Mechanics, Drilling and
Blasting. Taylor & Francis Ltd.
2. Van der Merwe, J. N. and Madden, B.J., 2010. Rock
Engineering for Underground Coal Mining. The Southern
African Institute of Mining and Metallurgy.
3. Fomichov, V.V., Lapko, V.V. and Skitenko, A.I.,
2011. Substantiation of the use of rock anchor for main-
tenance of mine roadway. In: 5th International confer-
ence proceedings “Shkola podzemnoi razrabotky”],
Lizunov-Pres, Dnipropetrovsk, Ukraine.
4. Pariseau, W.G., 2011. Design Analysis in Rock Me-
chanics. 2nd ed. CRC Press Taylor & Francis Group.

Mera. BuzHaueHHs e(peKTUBHUX MapaMeTpiB B3a€-
MOJii KaHaTHUX aHKEpPiB Ta iHIIMUX €JIeMEHTIB KOMOi-
HOBaHOI KPiMUJAbHOI CUCTEMU MPU MiATPUMIL BUPOOKU
B HECNPUSITIMBUX TipHAYO-TEOJOTIYHUX YMOBaxX [JIsT
MiIBUILEHHS 11 CTIHKOCTI.

Metomuka. OCHOBHUM METOAOM JOCIIIXKEHHS CTaB
IMOPIiBHSIHO-CTATUCTUYHUI aHaJli3 pe3yJIbTaTiB IIPOBe-
JIEHNX OOYMCITIOBAJIBHMX EKCIIEPUMEHTIB, BUKOHAHMX
METOIOM KiHLIEBUX €JIEMEHTIB MPU HEJiHiliHIi TTocTa-
HOBIII 3amayi reoMexaHiku. MoematoBaHHS OOBOIHE-
HOCTI, TPIillIMHYBATOCTi Ta PEOJIOTIYHUX XapaKTePUCTUK
IMOPOIHOIO MAacUBY OYJI0 BAKOHAHO Y BUTJISIII IIOTIPaBO-
YHUX KOeillieHTIB i 3aBIaHHS CiMeiicTBa KPUBUX 3 BU-
KOPMCTaHHSIM TPhOX Kepylouux napameTpiB. HeomgHo-
DIIHICTb MMOPOTHOIO MACHBY 3aaBajacsi FeOMETPUYHO.

Pe3ynbTaTu. BusHaveHi sIKicHi Ta KiJIbKiCHi moKa3-
HUKU BIUIMBY KaHATHUX aHKEPiB Ha 3MiHY BEJTUMYUHU
IHTEHCUBHOCTI HaMpPYyXeHb Y CTAICNOJIMEPHUX aHKe-
pax. BugBieHa oCHOBHA 30Ha 3HIDKCHHS IHTEHCHB-
HOCTI HampyXeHb, IO MPUMHUKAE Oe3MOCepPEeaTHBO IO
KOHTYpPY BUpPOOKM. Bu3HaueHO CTyIiHb BIJIMBY Ha
KOMOIHOBaHEe aHKEpHE KPiIlJIeHHSI HEOIHOPiJAHOCTI
MOPOAHOTO MAaCHUBY Ta MOTO HEJiHIMHUX MeXaHIYHUX
XapaKTePUCTUK.

HaykoBa HoBu3Ha. BcTaHOBIeHA 3aJI€XKHICTD 3MiHU
HJIC cranenoniMepHuX aHKepiB Bill mapaMeTpiB ycTa-
HOBKM KaHaTHUX aHKEPiB 3i 3pOCTaHHSIM IIMOMHMU 3a-
KJ1aneHHs BUPOOJIeHHSs y ciabkux nmopoaax. OTpuMaHa
XapaKTepUCTUKA B3aEMO/il MOPOAHUX IIapiB i KaHAT-
HUX aHKePiB HaJ CKJIETIIHHSIM BUPOOKH.

IIpakTuyna 3HaunmicTh. BupobieHi mapamerpu 3a-
CTOCYBaHHSI KOMOIHOBAaHOTO aHKEPHOTO KPIiIUICHHS B
SIKOCTI eJIeMeHTa KPIiMmuIbHOI CUCTEMHU B TIpHUYMX BU-
pOOKax, pO3TAIIOBAHMWX y 30HAX TE€OJIOTIYHUX TIOpPY-
LIEHb, OOBOJHEHUX TMOpiA, MPUA HASIBHOCTI TOHKUX
IUIACTIB BYTiIJIS, KaJbLUTY a00 BYTJIMCTUX apTiJliTiB y
MexXax TJIMOMHM 3aropTaHHs aHKepiB. BusHaueHi Mexi
KyTa YCTAHOBKU KaHAaTHUX aHKEPiB, 1110 3a0€3Me4yIoTh
MiIBUILIEHHS HECYYOi 3MaTHOCTI KPiMMMIbHOI CUCTEMU
cTajenoJiMEpHUX aHKEPiB.

KimouoBi cioBa: ankep, kanamuuii ankep, nopooruil
macus, 8uliMaibHa eupooKa

Hens. Omnpenenennie 3(PhHEKTUBHBIX TapaMeTpoB
B3aMMOJICICTBUSI KaHATHBIX aHKEPOB W JPYTUX 3Je-
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MEHTOB KOMOMHWPOBAHHOMW KPETIEKHOW CUCTEMBI TIpU
TOAIEP>KAHNY BBIEMOYHON BBIPAOOTKY B HEOIATOTIPU -
SITHBIX TOPHO-TE€0JIOTMYECKUX YCIOBUSIX [l TTOBBIIIIE-
HUS €€ YCTOMYMBOCTU.

Metoauka. OCHOBHBIM METOAOM HCCICIOBaHUS
CTaJl CPAaBHUTEJbHO-CTATUCTUYECKUI aHAU3 Pe3yJib-
TaTOB MPOBEACHHBIX BBIYMACIUTEIBHBIX 3KCIIEPUMEH-
TOB, BBIMIOJJHEHHBIX METOIOM KOHEYHBIX 3JIEMEHTOB
MpU HEJIMHEWHO! MOCTaHOBKE 3aayl TeOMEXaHUKMU.
MopnenupoBaHue O0OBOAHEHOCTHU, TPELIMHOBATOCTU U
PEOJIOTUYECKUX XapaKTePUCTUK TOPOTHOTO MaccuBa
OBUTO BBIMIOJIHEHO B BUZE MOIMPABOYHBIX KO3dbUIU-
€HTOB ¥ 33JJaHUS CEMEeCTBA KPUBBIX C UCTIOJIb30BAHU -
€M TpeX yIpaBIsIonux nmapametpo. HeomHopoqHOCTh
TMOPOJTHOTO MAcCUBA 33/1aBaJIaCh TEOMETPUYECKHU.

Pesyabrarsl. OnipeenieHbl KaYeCTBEHHbBIE U KOJIU-
YECTBEHHBIE MOKA3aTENN BO3ACUCTBUS KaHATHBIX aH-
KEpOB Ha U3MEHEHUE BEJIUYMHbI MHTEHCUBHOCTU Ha-
TIPSDKEHUI B CTAJENOJMMEPHBIX aHKepax. BuisiBieHa
OCHOBHAsl 30Ha CHVKEHWSI UHTEHCUBHOCTHU HarpsbKe-
HUIi, TpUMBIKAOIIasl HENOCPEICTBEHHO K KOHTYpY
BbIpaOOTKU. OrpeaeneHa CTENeHb BO3MEUCTBUS Ha
KOMOWHUPOBAaHHYIO aHKEPHYIO KPEIb HEOTHOPOITHO-
CTM BMEIIAIONIETO TTOPOIHOTO MaccuBa W €ro HeJu-
HEWHBIX MEXaHUIECKNX XapaKTEPUCTHUK.

UDC 622.833:622.26

0.V. Solodyankin, Dr. Sc. (Tech.), Prof.,

0O.Y. Hryhoriev, Cand. Sc. (Tech.), Assoc. Prof.,
I. V. Dudka, Cand. Sc. (Tech.),

S.V. Mashurka

Hayunas HoBu3HA. YCTaHOBJIEHA 3aBUCMMOCTb MU3-
MEHEHMS HalpsiKeHO-Ne(OPMUPOBAHHOTO COCTOSTHUS
CTaJIeMOJIMMEPHBIX aHKEPOB OT MapaMeTPOB YCTAHOB-
KU KaHATHBIX aHKEPOB C POCTOM LJTyOUHBI 3JTOKEHMUS
BBIPAOOTKM B €1a0bIX BMEIIAOIIMX oponaax. [lomyue-
Ha XapaKTepUCTUKA B3aMMOJIECTBUSI MOPOJHBIX CJTIOEB
M KaHAaTHBIX aHKEPOB HaJ CBOAOM BbIEMOYHOM BbIpa-
0OTKMU.

IIpakTuyeckas 3Ha4nMocTb. BripaboTaHbl Mapame-
TPpbl IPUMEHEHUST KOMOMHUPOBAHHON aHKEPHOM Kpe-
MM B KQYECTBE 2JIEMEHTA KPETNEXHON CUCTEMBI B TOP-
HbIX BbIpAOOTKAX, PACMOJIOXXEHHBIX B 30HAaX I'€0JIOTHU-
YeCKUX HapylIeHUI, 0OBOIHEHHBIX TOPO, IPU HAIM -
YUM TOHKMX MPOCIOMKOB YIJIs, KaJbLIUTA WIW yIJIH-
CTBIX apTWIJIUTOB B Mpeaenax IIyOuHbI 3a1eJK1 aHKe-
poB. OnpesesieHbl PeAesibl yIia yCTAaHOBKY KAaHATHBIX
aHKepoB, OO0ecMevyrBalolIMe ITOBBIIIEHUE HeCcyllel
CMOCOOHOCTU KPEIeXHOW CUCTeMbI CTaJernoJuMep-
HbIX aHKEPOB.

KimoueBble clioBa: aukep, KaHamHblil ankep, nOpoo-
HbLIL MACCUB, 8bleMOYHAS BbIPAOOMKA
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KPUTEPIN BUBOPY PALIIOHAJIbHUX ITAPAMETPIB KPIIIJIEHHS
JUIA SHUZKEHHA BUTPAT HA CITOPYIKEHHA TA ITIATPUMAHHA
MMIATOTOBYOI BUPOBKU

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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