62 1SSN 1607-4556 (Print), ISSN 2309-6004 (Online) 'eorexniyna Mexanika. 2019. Ne 147

UDC 622.281.74 DOI: https://doi.org/10.1051/e3sconf/201910900042

MODIFICATION OF THE ROOF BOLT SUPPORT TECHNOLOGY IN THE CONDITIONS OF

INCREASING COAL MINING INTENSITY
'Krukovskyi O.P., 'Bulich Yu.Yu., ‘Zemliana Yu.V.
YInstitute of Geotechnical Mechanics named by N. Poljakov of National Academy of Sciences of
Ukraine

MOZOM®IKALIA TEXHONO ONOPHO-AHKEPHOIO KPIMMEHHSA B YMOBAX

MNIABUWEHHA IHTEHCUBHOCTI BYTTIEBUOOBYTKY
'Kpykoecbkuti O.11., *Byniy F0.10., *3emnsHa FO.B.
Inemumym ceomexniunoi mexanixu im. M.C. Ionaxoea HAH Yxpainu

MOANPUKALIUA TEXHONOI MU ONOPHO-AHKEPHOI'O KPEMNEHUA B YCNOBUAX

NOBbILWEHUA UHTEHCUBHOCTU YINEAOBbLIYU
'Kpykoeckuii A.1., *Bynuy F0.10., *3emnsHas 10.B.
HUncmumym eeomexnuuecxoui mexanuku um. H.C. Ionsaxosa HAH Yxkpaunwi

Abstract. At the present time, the combined roof bolt and frame supporting of mine workings is actively used in the
coal mines of Ukraine in a wide range of geological conditions with almost no restrictions by the type, purpose, lifespan,
section and location of mine workings in the rock massif. As was illustrated by practical experience, the high
concentration of works in the mine working face constrains the rate of development, complicates the implementation of
technological operations and leads to the technology violation and work safety. To ensure the intensification of mining
operations, the existing technologies of the combined roof bolt and frame supporting should be improved in a such way,
in order to reduce the concentration of works in mine working face, to make the primary roof bolts setting in the mine
working face more convenient without violating the safety rules. The purpose of the work is to develop the technological
schemes for the phased construction of bearing and roof bolt supporting of mine workings, to modify the technology roof
bolt supporting of mine workings in the conditions of increasing the coal mining intensity.

The technological schemes have been developed for the phased construction of roof bolting and frame support.
This schemes make it possible to temporarily postpone the setting of frames in the mine working face, reduce the time
and labour intensity for covering with a grid of the mine working arch and setting the bolts, as well as to increase the
safety. The analysis of changes in the stress state of the border massif during the phased construction of roof bolting
and frame support has been made. It is shown that the technology of phased construction of roof bolting and frame
support ensures the maintaining a stable state of host rocks. In addition, the time between the extraction of the coal-rock
mass and the setting of the primary support, as well as the distance between the face and the first row of roof bolts has
been reduced to a minimum. The suggested approach makes possible to ensure the rate of preparatory mine workings
development that are necessary for the intensification coal mining. The new technology has been tested in the conditions
of the Pavlogradska Mine and Stepna Mine, where the setting of frame supports and side roof bolts has been made with
a certain lagging.

Keywords: technology roof bolt supporting, construction of roof bolting, stress state of the rocks, mine working face.

Introduction. At the present time, the combined roof bolt and frame supporting
of mine workings is actively used in the coal mines of Ukraine in a wide range of
geological conditions with almost no restrictions by the type, purpose, lifespan,
section and location of mine workings in the rock massif [1-4]. As was illustrated by
practical experience, despite the advantages, this type of supporting also has
disadvantages. The high concentration of works in the mine working face constrains
the rate of development [5, 6], complicates the implementation of technological
operations and leads to the technology violation and work safety. For example, in the
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mine working face, the arch support frames are set first, the grid is being hanged, but
the roof bolts are to be installed with significant delays. All this violates the
principles of bearing roof bolt supporting, reduces the work safety and the
effectiveness of modern resin-grouted roof bolts application and the supporting as a
whole [7, 8]. The importance of time of setting the supporting elements after the face
recedes is also shown in the works [9, 10]. The process of mine workings
performance in time and changing the mechanical properties of the computational
system in the work [10] is modelled with the use of initial stresses procedure.
Therewith, it is shown that the sequence of mining operations has a significant
influence on the stress values in the support elements at the completion of the mine
working development.

To ensure the intensification of mining operations, the existing technologies of the
combined roof bolt and frame supporting should be improved in a such way, in order
to reduce the concentration of works in mine working face, to make the primary roof
bolts setting in the mine working face more convenient without violating the safety
rules. Therefore, the purpose of the work is to develop the technological schemes for
the phased construction of bearing and roof bolt supporting of mine workings.

Development of technological schemes for the phased construction of
bearing and roof bolt supporting. The technology of construction of roof bolt and
frame supporting consists of a number of technological operations. It is known from
the practical experience that the most time-consuming and long-term of them are the
setting of arch support and bolting-up. These operations are performed in the mine
working face, which complicates their implementation. Therefore, in order to
increase the rate of mining operations, it is proposed to divide in time the process of
roof bolting and frame construction in the mine working face into several stages:

- setting the primary scheme for the roof bolt supporting (Fig. 1);

- intermediate strengthening of support (Fig. 2) with side roof bolts and, in some
cases, with frames;

- supplementing of the intermediate scheme of the roof bolting and frame support
to the full one (Fig. 3).

’ ‘

Figure 1 — An example of the pri'mary scheme for the roof bolt supporting
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The primary scheme for the roof bolt supporting consists of the minimum
required number of roof bolts and is calculated based on the conditions of
maintaining a stable state of mine working for a period of time until the subsequent
support strengthening. The place and time of setting - in the mine working face,
immediately after face advance. The roof bolts 1-5, set with an inclination to a face,
in addition to the advance supporting, have the functions of temporary support in the
area adjacent to the face.

|
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=

Figure 2 — An example of a scheme for the intermediate strengthening of the roof bolting and frame
supporting

1

Figure 3 — An example of the complete scheme for roof bolting and frame supporting

The intermediate strengthening of support consists of additional roof bolts (roof
bolts 6 and 7 in Figure 2) and frames and is calculated based on the conditions of
maintaining a stable state of mine working for an additional period of time prior to
the construction of a complete supporting scheme. The place and time of setting the
elements of the schemes for intermediate strengthening of support is 10-30 m from
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the mine working face. In most cases - behind the mining machine. Thus, the rocks
extraction by a mining machine is partially combined in time with the construction of
support. The bolts B1-B4 (Fig. 3) strengthen the sides of mine working under the
stratum and supplement the already constructed support elements to the complete
scheme, which ensures a stable state of mine working for the whole period of its
operation. The frame support is being set if it has not been installed at the previous
stage. The place and time of setting 50-100 m from the mine working face, or more,
depending on the stability of the mine working sides and the value of its bottom
swelling.

In order to ensure the stability of the mine working face, when using the
developed phased technological schemes of supporting for the period of unproductive
time, for example during on-shift repair work, it is planned to strengthen the primary
scheme by increasing the number of roof bolts.

Methods. A study of changes in the stresses field during the staged construction
of the elements of the roof bolting and frame supporting is performed by means of
computational simulation [11]. The unsteady stress state of the rock massif in the
vicinity of mine workings is described by a system of equations [12]:

ou.
Cg EI:(T”’J- + Xl(t),

where ¢y — the damping coefficient, kg/(m® s); u; — the displacements, m; cijj — the
derivatives of the stress tensor components along X, y, Pa/m; X;(t) — the projections of
the external forces acting on the volume unit of a solid body, N/m®,

The problem is solved in an elastic-plastic formulation. For the mathematical
description of the process of rocks changeover into a disturbed state, the Mohr-
Coulomb failure theory is applied. The initial and boundary conditions for the task
are set to the following:

=0; u =0;

Oyl =7H: Gul=ArH; Ul =0 uy) =0; u], =

t=0

where A — the side thrust coefficient; H — the mining depth, m; y — the averaged
weight of the overlying mine rocks, N/m® Q, — the vertical boundaries of the outer
contour; Q, — the horizontal boundaries of the outer contour.

The problem is solved by using the finite element method [11, 13, 14].

To assess the stresses field, the following parameters were used:

- Q = (o1-03)/yH characterizes the diversity of the stress field components (o1, 63
— maximum and minimum components of the principal stress tensor);

- Smax=01/YH characterizes the diversity of the maximum component stress field.

The mine working with cross-section 15.1 m® is analysed given the typical for
Western Donbas mining and geological conditions with a heterogeneous composition
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of host rocks. In the roof of mine working at a distance exceeding the zone of roof
bolting, there is a coal interlayer. The properties of rocks are represented in Table 1.

Table 1 — Mechanical properties of rock

Axial . Deformation
Thickness,| compressive Poisson’s ratio | Cohesion, | Friction
Rock modulus, E,
m strength, o, MPa of rock mass | C, MPa |angle, deg
MPa
Sandstone 2 46 2.1.10* 0.36 11.9 35.0
Siltstone 3 27 1.2.10* 0.31 7.8 30.0
Coal 0.2 31 0.3-10* 0.25 8.8 30.5
Siltstone 5.6 27 1.2.10* 0.31 7.8 30.0
Coal 1.1 31 0.3.10* 0.25 8.8 32,5
Argillite 9 25 1.1-10* 0.32 7.4 28.5

The depth of mine working development 400 m. The thickness of the coal seam
1.1 m. The roof bolt length 2.4 m.

Results and discussion. The initial distribution of the stresses field parameters
and inelastic deformation zone prior to the support setting are shown in Figures 4, 5.

1.6
1.2
0.8

a) b)

a_Q; b—Smax

Figure 4 — The distribution of the geomechanical parameters values in the border rocks prior to the
support setting

Figure 5 — The zone of inelastic deformations prior to the support setting
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In the virgin massif, outside the zone of mine working influence, the mine rocks
are in the conditions of triaxial compression. The vertical component of the stresses
field is determined by the weight of the overlying stratum of mine rocks, and the two
horizontal components — by the side thrust of rocks. Since the side thrust coefficients
are close to unity, the state of mine rocks in natural occurrence is close to uniform
compression. The difference between the principal stresses components in the virgin
massif is usually close to zero. During the development of mine working, the stresses
field within the zone of its influence is changed. The minimum component tends to
zero, and the maximum component increases (Fig. 4). Near the face, the dimensions
of the inelastic deformation zone are insignificant, its depth does not exceed 0.3-0.5
m (Fig. 5).

Let us study the redistribution of parameters of the stresses field and inelastic
deformation zone at the first stage of the support construction, Figures 6, 7.
Immediately after the regular next rock extraction, according to the primary scheme,
the main roof bolts with an inclination to the face are set into the mine working roof
(roof bolts 1-5 in Figure 1).

Figure 6 — The distribution of the geomechanical parameters values in the border rocks and roof
bolts, the primary scheme of the support setting

Figure 7 — The zone of inelastic deformations, the primary scheme of the support
setting
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The main roof bolts, in addition to the advance leading supporting, perform the
function of temporary support in the area adjacent to the face. The bearing armoured-
rock beam (Fig. 6a) is formed in the mine working roof, which contributes to the rock
strengthening, prevents their possible stratification and the collapse of potentially
dangerous rock blocks. For a certain period of time, the increase in the zone of
inelastic deformations is blocked (Fig. 7).

In the soft rocks, the roof bolting and rock overlapping formed in the roof, works
as a rigid inclusion. When the face recedes, the loads in the roof and sides of mine
working increase. To maintain the overlapping in a stable state, it is necessary to
distribute the load on the mine working sides. For this purpose, at the second stage of
the support construction, the additional roof bolts (roof bolts 6, 7 in Figure 2) are
being set and, if it is necessary, the frames are set. The horizontal projections of the
additional roof bolts should extend beyond the line of the mine working sides of not
less than 1 m. The specific schemes of strengthening are calculated based on the
conditions of maintaining a stable state of mine working for an additional period of
time prior to the construction of complete schemes of roof bolting and frame
supporting. The distribution of parameters of the stresses field and inelastic
deformation zone with an additional setting of one roof bolt in the upper part of mine
working sides is shown in Figures 8, 9.
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Figure 8 — The distribution of the geomechanical parameters values in the border rocks and roof
bolts, the intermediate scheme of the support setting

Figure 9 — The zone of inelastic deformations, intermediate scheme of the support setting
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At the third stage, the formation of a complete roof bolting and frame structure is
being completed. The additional roof bolts are set into the sides of mine working
(near the bottom roof bolts B1-B4 in Figure 3), strengthening the bearings for the
roof bolting and rock overlapping in the roof. The frames are also being set if they
have not yet been installed at the previous stage. The distributions of the stresses field
parameters are shown in Figures 10, 11 after the face recedes at a distance of 60 m, as
well as the setting of bottom roof bolts and a frame.

Figure 10 — The distribution of the geomechanical parameters values in the border rocks and roof
bolts, the complete scheme of the support setting

Figure 11 — The zone of inelastic deformations, the complete scheme of the support setting

With the setting of the roof bolts B1-B4, the process of pressing-out the coal in
the sides of mine working is blocked, the formation of fractures is almost not
developed. The values of the averaged geomechanical parameters in these zones are
changed: the application of side roof bolts lowers the value of Q parameter and
significantly increases the value of the minimum component of the principal stresses
tensor. This indicates that the possibility of rocks destruction in the sides of mine
working, which serve as a bearing for the roof bolting and rock overlapping in the
roof, decreases.

The performed studies have shown that there is a possibility to effectively
distribute in time the order of setting the roof bolting and frame support, while
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maintaining mine working in a stable operating condition and ensuring the necessary
rate of its development. Such a technological approach makes it possible to
successfully prepare the stope works area in the conditions of intensified coal mining.

Conclusions. The modification of the technology developed at the Institute for
bearing and roof bolt supporting of mine workings in the conditions of increasing the
coal mining intensity has been made. The technological schemes have been
developed for the phased construction of roof bolting and frame support, which
allows to:

- postpone temporarily the setting of frames in the mine working face;

- reduce the time and labour intensity for covering with a grid of the mine
working arch and setting the roof bolts;

- increase the degree of rocks strengthening;

- increase the safety of mining operations;

- increase the rate of mining operations using the existing equipment.

The changes have been studied in the stress state of the border massif during the
elements staged construction of roof bolting and frame support. The performed
studies have shown the possibility to effectively distribute in time the order of setting
the roof bolting and frame support, while maintaining mine working in a stable
operating condition. The technology of phased construction of roof bolting and frame
support ensures the maintaining of the stable state of rocks. In addition, the time
between the extraction of the coal-rock mass and the setting of the primary support,
as well as the distance between the face and the first row of roof bolts are reduced to
a minimum. In this case, the border rocks of the non-fastened part of the roof and
sides of mine working do not have time to unload from the rock pressure and their
integrity will be maintained to the full.

The proposed technology has been tested in the conditions of the Pavlogradska
Mine and Stepna Mine, where the setting of frame supports and side roof bolts has
been made with a certain lagging. The new technological approach has made it
possible to ensure the rate of preparatory mine workings development, which is
necessary for the stope works performance in the conditions of intensified coal
mining.

REFERENCES

1. System of providing reliable and safe functioning of roof bolting mine workings. General technical requirements. (2014). Kyiv:
Ministry of Energy and Coal Mining of Ukraine

2. Bulat, AF., Vinogradov, V.V. (2002). Oporno-ankernoe kreplenie gornyih vyirabotok ugolnyih shaht. Dnepropetrovsk: Vilpo

3. Bulat, A.F., Popovych, L.M., Vivcharenko, O.V., Krukovskyi, O.P. (2014). Tekhnolohiia ankernoho kriplennia himychykh vyrobok
na shakhtakh Ukrainy: stan i perspektyvy. Uhol Ukrayny, 2, 3-7

4. Krukovskyi O.P. Application of roof bolting support in the Ukrainian mines / The 25th World Mining Congress 2018. Proceedings.
Underground mining. — Astana: 2018. — P. 1451-1459.

5. Yakovlev, D.V., Magdych, V.1, Egorov, A.P., Osminin, D.V., Markov, A.S. (2014). Prospects of development and implementation
of stage-by-stage mine working roof bolting flow charts in Kuzbass mines. Ugol, 10, 40-44

6. Demin, V.F., Yavorskiy, V.V., Demina, T.V., Chvanova, A.O. (2017). Substantiation of technological schemes of anchoring when
conducting mining. International journal of applied and fundamental research, 6, 27-32

7. Vynohradov, V.V., Krukovskyi, O.P. (2010). Oporno-ankerne kriplennia himychykh vyrobok vuhilnykh shakht Ukrainy.
Geotehnicheskaya mehanika [Geo-Technical Mechanics], 88, 170-179

8. Krukovskyi, A.P., Krukovskaia, V.V., Khvorostian V.A. (2013). Tekhnolohyia oporno-ankernoho kreplenyia hornykh vyrabotok
uholnykh shakht Ukrayny. Uhol Ukrayny, 2, 13-16

9. Nguyen, V.M., Nguyen, Q.P. (2015), “Analytical solution for estimating the stand-up time of the rock mass surrounding tunnel”,



ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eorexHiuna mexanika. 2019. No 147 71

Tunnelling and Underground Space Technology, Vol. 47, pp. 10-15.

10. Seryakov, V.M. (2015), “Calculating stress state of support and sidewall rocks in stagewise face drivage in long excavations”,
Journal of Mining Sciences, Vol. 51, pp. 673-678.

11. Zienkiewicz, O.C., Taylor, R. L., Zhu J. Z. (2013). The Finite Element Method: Its Basis and Fundamentals, Butterworth-
Heinemann.

12. Krukovskyi, O.P. (2011). Modelling changes of stress-strain state of solid edge during the distance of working face of mine
workings. Problemy obchysliuvalnoi mekhaniky i mitsnosti konstruktsii [Problems of computational mechanics and strength of structures], 17,
175-181

13. de Borst, R,, Crisfield, M.A., Remmers, J.J.C., Verhoosel, C.V. (2012). Non-linear finite element analysis of solids and structures,
John Wiley & Sons.

14. Kovalevska, I., Symanovych, G., Fomychov, V. (2013). Research of stress-strain state of cracked coal-containing massif near-the-
working area using finite elements technique, Annual Scientific-Technical Collection—Mining of Mineral Deposits, 159-163

CMNCOK NNITEPATYPU

1. COY 10.1.05411357. 010:2014. Cuctema 3abesneyeHHs HapiHOrO Ta De3nevHoro (PYHKLOHYBAHHS TipHUYMX BUPOBOK i3
QHKEPHWUM KPINMeHHaM. 3aranbHi TeXHIUHI BUMOTW.: HOPMAaTUBHMIA JOKyMEHT, YnHHMiA 3 2014.11.10. K.: Miteyrnenpom YkpaiHu, 2014. 69 c.
(CraHgapt MiHicTepcTBa ByrinbHOI NPOMUCIIOBOCTI YkpaiHu).

2. bynat A.0., BuHorpanos B.B. OnopHo-aHkepHOe kpenmneHue ropHbix BolpaboTok yronbHbIx WwaxT. [JHenponetposck: MM HAH
YkpauHbl, 2002. 372 c.

3. bBbynat A.9., Monoswy |.M., BisuapeHko O.B., Kpykoscbkuit O.I1. TexHomorisi aHkepHOro KpinneHHs ripHimnx BMPODOK Ha LwaxTax
YkpaiHu: cTaH Ta nepcnekTveu / Yronb Ykpautbl. 2014. Ne 2. C. 3-7.

4. Krukovskyi, O.P. Application of roof bolting support in the Ukrainian mines / The 25th World Mining Congress 2018. Proceedings.
Underground mining. — Astana: 2018. — P. 1451-1459.

5. Axosnes [.B., Margbiu B.M., Eropos All., OcwmuHuH [.B. TlepcnekTuBbl pasBuUTMSt U BHEAPEHMS! TEXHOMOMMYECKMX CXEM
MOSTamMHOro aHKEPHOTO KpenneHst FopHbIX BbIpaboTok Ha waxTtax Kysbacca / Yronb. 2014. Ne 10. C. 40-44.

6. [emuH B.9., Asopckuit B.B., [lemuHa T.B., YsaHoa A.O. OBocHOBaHME TEXHOMOMMYECKMX CXEM aHKEPHOrO KPEMMeHnst npy
NPOBEAEHUN FOPHbIX BbIPABOTOK / MexayHapoaHbIN XypHan NpuKknagHbIX U pyHaameHTanbHbIx nccnenosanmin. 2017. Ne 6. C. 27-32.

7. Bunorpapos B.B., Kpykoscokuit O.11., XBopocTsH B.O. OnopHo-aHKepHe KPInneHHs ripHuimx BUPOBOK BYrinbHNX LwaxT YkpaiHu /
l'eoTexHWYeckas MexaHuka: Mexaep. ¢0. Hayy. Tp. / UT'TM HAH YkpauHbl. — [HenponeTposek, 2010. — Ne 88. — C. 170-179.

8. Kpykosckuin A.l., Kpykoeckas B.B., XopocTsH B.A. TexHOMOrMsi OnopHO-aHKEPHOTO KPEMNEHUS FOpHbIX BbIPabOoTOK YronbHbIX
waxt YkpaunHbl / Yronb Ykpamtbl. 2013, Ne 2. C. 13-16.

9. Nguyen, V.M., Nguyen, Q.P. Analytical solution for estimating the stand-up time of the rock mass surrounding tunnel. Tunnelling
and Underground Space Technology. 2015. Vol. 47. P. 10-15.

10. Seryakov, V.M. Calculating stress state of support and sidewall rocks in stagewise face drivage in long excavations. Journal of
Mining Sciences. 2015. Vol. 51. P. 673-678.

11. Zienkiewicz, O.C., Taylor, R. L., Zhu J. Z. (2013). The Finite Element Method: Its Basis and Fundamentals, Butterworth-
Heinemann.

12. Kpykoscokuit, O.MN. MogentoBaHHS 3viH1 HanpyxeHo-0ehopMOBaHOTO CTaHy MPUKOHTYPHOrO MacvBy Npy BigxoAi 3ab0t0 ripHu4oi
B1pobku / Mpobnemn obumMcnoBanbHOT MexaHiku | MILHOCTI KoHCTPyKuin, 2011. —Ne 17. - C. 175-181.

13. de Borst, R,, Crisfield, M.A., Remmers, J.J.C., Verhoosel, C.V. (2012). Non-linear finite element analysis of solids and structures,
John Wiley & Sons.

14. Kovalevska, |., Symanovych, G., Fomychov, V. (2013). Research of stress-strain state of cracked coal-containing massif near-the-
working area using finite elements technique, Annual Scientific-Technical Collection-Mining of Mineral Deposits, 159-163

About the authors

Krukovskyi Oleksandr Petrovych, Corresponding Member of NAS of Ukraine, Doctor of Technical Sciences (D. Sc.), Deputy
Director of the Institute, Institute of Geotechnical Mechanics named by N. Poljakov of National Academy of Sciences of Ukraine (IGTM, NAS
of Ukraine ), Dnipro, Ukraine, igtm@ua.fm

Bulich Yurii Yuriovych, Master of Science, Researcher of Department of Rock Mechanics Department, Institute of Geotechnical
Mechanics hamed by N. Poljakov of National Academy of Sciences of Ukraine (IGTM, NAS of Ukraine), Dnipro, Ukraine

Zemliana Yuliia Valeriivna, Master of Science, Chief Technologist in Department of Rock Mechanics Department, Institute of
Geotechnical Mechanics named by N. Poljakov of National Academy of Sciences of Ukraine (IGTM, NAS of Ukraine), Dnipro, Ukraine

Mpo aBTOpiB

Kpyroecbkuti Onekcandp lempoeuy, unex-kopecnoHaeHT HAH YkpaiHu, JOKTOp TEXHIYHMX HayK, 3aCTYMHIUK AUPEKTOPA IHCTUTYTY
3 HaykoBoi poboTH, IHCTUTYT reoTexHiuHoi MexaHiku iM. M.C. Monskosa HavjioHansHoi akaaemii Hayk Ykpainu (IFTM HAH Ykpaitu), OHinpo,
YkpaiHa,igtm@ua.fm

Bynuy fOpiti KOpitiosuy, marictp, HaykoBui CMIBPODITHVK BinAiny MEXaHikv ripCbkuX Mopid, IHCTUTYT reoTexHiYHOi MexaHik
im. M.C. lMonsikoa HauioHansHoi akapemii Hayk Ykpaim (I'TM HAH Ykpainn), [xinpo, Ykpaina

3emnsana KOnisi BanepiigHa, MaricTp, rofioBHUA TEXHOMOT BiAdiny MexaHiki ripCbkux nopid, [HCTUTYT reoTexHIYHOI MeXaHiku
im. M.C. Monsikosa HaujoHanbHoi akagemii Hayk YkpaiHu (IFTM HAH Ykpaitu), xinpo, Ykpaita



mailto:igtm@ua.fm
mailto:igtm@ua.fm

72 1SSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eorexniyna Mexanika. 2019. Ne 147

AHortauis. B gaHuim yac kombiHOBaHE paMHO-aHKEpHe KPIMMeHHS FpHUYMX BMPOBOK aKTMBHO 3aCTOCOBYETLCA Ha
BYMiMbHUX WaxTax YkpaiHu B LUMPOKOMY [ianasoHi reonoriyHx YMOB MpakTuiHO 6e3 oBMexeHb Mo Tvny, NpU3HaYeHHHo,
TEPMIHY CIy6u, NEepeTUHY | PO3MILLEHHHO BUPOBOK B ripCbKOMY MacuBi. Sk Noka3as NpakTUYHWI AOCBIM, BACOKA KOHLEHTpaLis
po0iT i3 3BeAEHHS KpinneHHs y B1BOI BMPODKM 0BMEXYE TEMNI NPOXOAKK, YCKMaAHIOE BUKOHAHHS TEXHOMOMYHINX onepaLii,
CTUMYIIOE MOPYLLEHHS TeXHomorii i 6e3nekn BUKOHaHHS pobiT. [Ans 3abeaneveHHs iHTeHcudikauii ripHMYKMX PoBIT iCHYtouI
TeXHoNorii KOMBIHOBAHOTO PaMHO-aHKEPHOTO KpinneHHs HeoBXiaHO BOOCKOHANMMTY TakUM YWMHOM, LLOD 3HWU3UTW KOHLIEHTpAL0
pobiT y BUGOI BMPOOKH, 3p06MTM BiNbLL 3pY4HOLO NEPLLIOYEPTOBY YCTAHOBKY aHKEPIB B BUOOI Ge3 nopyLueHHs npaeun Gesnexu.
MeToto po6oTn € po3pobka TEXHOMOMYHMX CXEM MOETANHOTO 3BEAEHHS OMOPHO-aHKEPHOTO KPIMMEeHHS TipHUYMX BUPOBOK,
MoaudikaLis po3pobneHoi TEXHOMOTi ONOPHO-AHKEPHOTO KPINMEHHS! MipHMYMX BUPOOOK Anst YMOB MiABULLEHHS IHTEHCUBHOCTI
BYrNeBUOOOYTKY.

P0o3pobneHo TEXHOMOrYHI CXeMM MOETaNHOMO 3BeAEHHS! aHKEPHO-PAMHOTO KpinmneHHs. BoHn 403BONAIOTL BigKnacTu Ha
yac BCTAHOBMEHHS pam B BUOOI BUPOBKM, CKOPOTUTM TEPMIHM | TPYAOMICTKICTb 3aTSINyBaHHS CKNEniHHS BUPOOKM MeTanesumm
CiTKamW | YCTAHOBKW aHKepiB, NigBuLLMTY 6e3neKy BeAEHHS ripHUuMX pobiT, 36inbLUKNTY TEMMW NPOBEAEHHS MPHNYNX BAPOBOK
HasiBHUM 0BnagHaHHsM. BWUKOHaHO aHaria 3MiHW HanpyeHoro CTaHy MPUKOHTYPHOTO MacvBy Mpw MOETanHOMY 3BeLeHHi
OMOPHO-aHKEPHOTO KpiNneHHs. MokasaHo, Lo TEXHOIONS NOETaNHOM0 aHKePHO-PAMHOTO KPINMeHHs 3abesnedye 36epexeHHs
nopig, Lo BMiLLai0Tb BUPOOKY, B CTiKOMY CTaHi. [pu LisOMY Yac MixX BUIMKOKO BYrMENOPOAHOI Macy i YCTAHOBKOK NEPBMHHOMO
KDINMEHHs, a TakoX BidCTaHb M BMOOEM i MEPLIMM PSOOM aHKepiB CKOPOuYHTECA A0 MiHiMymy. pUKOHTYPHI nopoam
He3aKpinneHoi YacTuHK NOKPIBNi Ta 60KIB BUPOBKM HE BCTUraTb PO3BAHTAXMTUCA Bif MPCHKOMO TUCKY, iX MOHOMITHICTL Oyae
30epekeHa B MOBHIM Mipi. 3anpoMoOHOBaHWA TEXHOMOMYHMIA Nigxia [OO03BONsiE 3a0e3neynTu Taki TeMM MPOBEOEHHS
nigroToBumx BMPOOOK, ski HEoBXigHI Ans BedeHHs OuMCHMX pobiT B ymoBax iHTeHcuddikauii BugobyTky Byrinns. Hosa
TeXHonoris nponwna anpobaujio B ymoBax LWaxT «[lasnorpagceka» i «Crenosa», e 3 BiACTaBaHHAM BWKOHYBaroCh
BCTaHOBIEHHS! PAMHOTO KPIMMEHHS i BiYHMX aHKepiB.

KntoyoBi cnoBa: TexHONOrs aHKEPHOrO KPIMMEHHS, KOHCTPYKLiS aHKEPHOrO KPIMMEHHs!, HanpyKEeHU CTaH FipCbKux
nopig, ByOii ripH14OT BUPOOKY.

AHHoTauus. B HacTosiliee Bpemst KOMOMHMPOBAaHHOE pPaMHO-aHKEPHOE KPEMMeHWe FOpHbIX BbIPpabOTOK aKTMBHO
NPVYMEHSIETCA Ha YrOMbHbIX LaxTax YKpanHb! B LUMPOKOM A1ana3oHe reosiornyeckux YCroBmid npakTuiecky 6e3 orpaHnyeHui
no Tuny, NpeaHasHayeHuo, CPOKy CryxObl, CEYEHMO W pa3MeLLeHWio BblpaboTok B roOpHOM Maccuee. Kak nokasan
NpaKTUYECKMi? OMbIT, BbICOKAs KOHLEHTpauus paboT no Bo3BedeHWo Kpenu B 3aboe BbIpabOTKW OrpaHWMYMBAET TeEMMb
NPOXOLKM, YCIIOXHSIET BbINONHEHWE TEXHOMOMMYECKUX OnepaLyii, CTUMYNIMPYET HapyLUeHre TeXHornorun u 6e3onacHocTu
npoussoacTea pabot. [ns obecneyeHns MHTEHCMGMKALMN FOPHBIX PaboT CYLLECTBYHOLLME TEXHONMOMWN KOMOMHMPOBAHHOMO
PaMHO-aHKEPHOTO KpenneHust HeobXoamMmo YCOBEPLLEHCTBOBATL Takum 0Opa3oM, YTODbI CHU3WTL KOHLEHTpaLuo poboT B
3aboe Bbipabotk, coenate Bonee yooGHOM MEPBOOYEPERHYID YCTaHOBKY aHKepoB B 3aboe Ge3 Hapyllenws npasun
BesonacHocTi. Llenbto paboTbl sBnseTcs paspaboTka TEXHOMOMMYECKMX CXEM NO3TaNHOMO BO3BELEHWUS OMOPHO-aHKEPHOIO
KpenneHus ropHbIX BblpaboTok, Moaudukaums pa3paboTaHHON TEXHOMOrMKM  OMOPHO-aHKEPHOTO  KPEMMeHUs ropHbIX
BbIPabOTOK Anst YCrIOBIA MOBLILLEHWS MIHTEHCUBHOCTM Yrenobbiyn.

PaspaboTaHbl TEXHONOrMYECKWE CXEMbI MOSTAMHOM BO3BEAEHWS aHKEPHO-PaMHOM Kpeni. OHW NO3BONSIOT OTIIOXUTL Ha
BpeMs YCTaHOBKY paM B 3ab0e BbIpabOoTKM, COKPATUTL CPOKM 1 TPYAOEMKOCTb 3aTsHKKW CBOLA BbIPAbOTKM METanmmM4eckumu
CETKaMW 1 YCTaHOBKM aHKepOB, MOBbICUTL Be30MacHOCTb BEAEHUS TOPHbIX PaboT, YBENWUMTb TeMMbl NPOBEAEHUS TOPHBIX
BblpaboToK MMetoLLMMCs 0B0pyAoBaHWEM. BbINONHEH aHan3 U3MeHeHNs HanpSKEHHOTO COCTOSIHUS MPUKOHTYPHOTO MaccuBa
npy MO3TaNHOM BO3BEAEHUM OMOPHO-aHKEPHOrO KpenneHns. okasaHo, YTO TEXHOMOMWS MO3TanHOrO aHKepPHO-PaMHOro
KpenneHus obecneynBaeT COXpaHeHWe BMELLAIOLLMX MOPOL B YCTOMYMBOM COCTOSHWM. [1pn 3TOM BpeMs MEXOy BblEMKOM
YIIenopoaHO Macchl 1 YCTaHOBKOM MEPBUYHON KPENM, a Takke paccTosHne Mexay 3aboem 1 nepBbiM PSAOM aHKepoB
COKpALLaTCA A0 MUHUMYMA. [MPUKOHTYPHbIE MOPOAbI HE3AKPEMEHHOM YacTi KPOBMM M BOKOB BbIpabOTKM He ycreBaroT
pa3rpy3nTbCA OT FOPHOTO AABNEHNS, UX MOHONMTHOCTL ByAET coxpaHeHa B NOMHOM Mepe. MpeanoxeHHbIN TEXHONOrMYECKMiA
noaxod no3BorsieT obecneynTb Takue TeMmrbl NMPOBEAEHUS MOArOTOBUTENbHBIX BbIpabOTOK, KOTOpble HeobxoguMbl Ans
BELEHVS OYMCTHBIX paboT B YCMOBUSX MHTEHCUMKaLMK AoBblum yris. HoBas TexHomorvs npoLuna anpobaumio B yCroBUsX
waxT «aBnorpaackas» 1 «CTenHasy, rae ¢ 0TCTaBaHUEM BbINOMHANACh YCTaHOBKa paMHOM Kpeni 1 BOKOBbIX aHKEPOB.

KntoyeBble cnoBa: TEXHOMOMSt aHKEPHOTO KpenneHusl, KOHCTPYKLNS aHKEPHOM Kpeni, HaNpPsHKEHHOE COCTOSHUE OpHbIX
nopog, 3aboi ropHoM BeIpaboTKu.
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