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Abstract. The paper considers the issues of diagnostics of the “hoisting vessel - reinforcement” systems at mines
under the rock shear influence on the operational condition of vertical hoisting shafts. The purpose of these works is to
improve the technical condition of the mine hoisting complexes in such conditions to increase their reliability and hoisting
speed, to significantly increase the volume of minerals produced to the surface as the main indicator of mine productivi-
ty. The rock shear causes the risk of loss of stability of the shaft massif, which causes its displacement during long-term
operation and leads to a violation of the vertical shafts geometry. The curvature of the shaft walls affects the buntons
and conductors of rigid reinforcement and leads to their deformation and relaxation of the embedment in the shaft rein-
forcement, which creates emergency and hazardous situations during the movement of hoisting vessels. The results of
studies of the dynamic state of the “hoisting vessel - reinforcement” system are presented for the conditions of rock
shear on the example of vertical shaft of a Ukrainian mining enterprise. We analyzed the distribution of force load in the
sections of the examined shaft, calculated the safety margins of the reinforcement elements with an assessment of risk
factors, and determined the technical condition of the shaft reinforcement with recommendations for its improvement.
During the test, methods were used to manage the operational condition of mine hoisting equipment based on modern
technologies and technical means of computerized rapid diagnostics of existing equipment. Based on the results of the
shaft inspection, recommendations are provided to improve the safety of its operation in conditions of rock shear. This is
the basis for developing repair plans and determining the order of their implementation in accordance with the annual
mining plan of the enterprise. The expected results will make it possible to move to a qualitatively new level of safety
management of mine hoisting in coal and ore shafts and optimize repair and restoration work in risky conditions during
long-term operation of the hoisting shafts.
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1. Introduction

The development of scientific basis for reliable control of operational safety of
mine hoisting complexes based on modern means and technologies of computer rapid
diagnostics of existing equipment has been carried out by the Poliakov Institute of
Geotechnical Mechanics of the National Academy of Sciences of Ukraine since 1995
and 1s currently being adapted to the conditions of specific mining enterprises of
Ukraine in accordance with [1].

The purpose of these works is to improve the technical condition of the equipment
of mine hoisting complexes to increase their reliability and hoisting speed, and to
significantly increase the volume of minerals produced to the surface as the main in-
dicator of mine productivity. Using the technology of diagnostics of mine hoisting
complexes with hardware control of the smooth movement of hoisting vessels, more
than 650 compartments in almost 100 shafts at 17 mines in Ukraine have been exam-
ined.

It has been shown that in a number of Ukrainian coal mining enterprises shafts are
working in rocks that are more prone to shears during the mining of mineral mines,
unlike in granite massif with iron ore deposits. The causes of rock shear may include:

- uneven mining pressure around the shaft;
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- the presence of loose sandstones, shale rocks, and large amounts of salt around
the shaft;

- the closeness of the shaft to the mining area, to a rock shear mulch, to a large
reservoir or groundwater, to underground pumping stations for pumping water out of
the mine;

- mining of pillars before mine closure, when there are a shaft shear and roof fail-
ure.

The above factors determine the risks of loss of stability of the shaft massif,
which causes its shear during long-term operation and leads to a violation of the ge-
ometry of vertical shafts, resulting in the following:

- vertical deformation of the shaft support;

- curvature of the vertical axes of the hoisting compartments and conductors;

- violation of the design shape of the cross-section of the shaft;

- appearance of ledges at the joints of conductors, which cause increased individ-
ual shock loads from the hoisting vessels;

- local distortions of the conductor profile, which cause increased shock-cycle
loads from the hoisting vessels;

- uneven distribution of corrosion and mechanical wear of conductors and
buntons in the shaft under the influence of aggressive mine environment;

- increase in dynamic loads on the reinforcement from moving hoisting vessels
during the operation phase.

The curvature of the shaft walls when they hit the buntons and conductors of rigid
reinforcement leads to their deformation and relaxation of the embedment in the shaft
support, which creates emergency situations when the hoisting vessels move at de-
sign speeds. For shafts with rope conductors, such deformations most often lead to
the inability to keep the hoisting vessel within safe clearances from the walls of the
curved shaft.

For the conditions of rock shear, using the example of a vertical shaft of Ukraini-
an ore mining association, the results of tests and studies of the dynamic state of the
“hoisting vessel - reinforcement” systems are presented. The purpose of this work is
to analyze the distribution of force load in the sections of the shaft under investiga-
tion, calculate the safety margins of the reinforcement elements with an assessment of
risk factors, determine the technical condition of the shaft reinforcement with rec-
ommendations for its improvement.

The presented materials are the main basis for the development of plans for repair
work, determining the order of their implementation, as well as their objective distri-
bution into priority, gradual and planned according to the annual plan of mining op-
erations of the enterprise.

2. Methods

When testing and studying the dynamic state of the “hoisting vessel - reinforce-
ment” systems of vertical shaft compartments, methods of control the operational
state of mine hoisting equipment based on modern technologies and technical means
of computer rapid diagnostics of existing equipment are used [2-9]. The developed
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models of the functioning of potentially dangerous geotechnical systems of mine
hoisting, taking into account risk factors, are the scientific basis for mine research and
the development of recommendations for improving the operational condition of the
vertical shaft reinforcement [5, 6].

Preliminary inspection of the shaft reinforcement and study of the surveyor's doc-
umentation on conductor profiling reveals the areas with a high level of conductor
and buntons wear, deviation of conductors from the vertical on adjacent layers more
than the permissible 10 mm, excessive narrowing and widening of the conductor
track. In accordance with the provisions of [1], due to this state of reinforcement, a
dynamic method of diagnosing the “hoisting vessel - rigid reinforcement” system is
used.

In the process of mine tests, the highest values of dynamic overloads are revealed,
which occurred during a part of test cycles of the vessel movement with a frequency
that depends on the reinforcement geometry, kinematic gaps between the guides and
conductors, the position of the load in the vessel, the speed and direction of move-
ment, the mass of the vessel, etc. Based on the test results, a database of informative
parameters is formed that determine the production risks in the vessel-reinforcement
system. These include:

- parameters that determine the dangerous dynamic properties of conductors sys-
tem of mine shaft compartments (deviation of the conductor from the vertical on ad-
jacent layers, track width of a pair of conductors on a layer, absolute and relative
angle of inclination of the conductor to the front and side at the reinforcement step,
absolute and relative angle of twisting of the track axis on a layer, absolute angle of
inclination of the compartment axis along the length of the vessel to the front and
side);

- parameters characterizing the dangerous level of load on the reinforcement of
vertical shaft compartments (maximum contact loads in the frontal and lateral planes
for each conductor, coefficient of variation of tier loads along the depth of the shaft
for all test cycles of descent and hoisting, coefficient of disturbance of the smooth
movement of the hoisting vessel for each compartment, reinforcement overload co-
efficients for each compartment);

- parameters that characterize the dangerous level of strength of the reinforce-
ment of mine shaft sections (maximum contact loads on conductors, residual cross-
sections of conductors and buntons, safety margins of vessel body elements, residual
safety margins, deflections of conductors and buntons under the action of contact
loads in spans and on reinforcement layers).

These parameters are the basis for the further development of recommendations
for the prevention of emergency situations in mine shafts [1, 10].

3. Experimental parts

Fig. 1 shows the characteristic profiles of conductors No. 1 and No. 2 of the shaft
in the rock shear zone (a) compared to conductors No. 3 and No. 4 of the shaft in the
stable rocks (b). It can be seen that in a number of layers, the deviations of the con-
ductors in the shear zone significantly exceed the deviations of the conductors in the
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stable rocks, which is the result of one or a combination of several factors of loss of
stability of rock massif around the shaft support.
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Figure 1 — Absolute conductor profiles under different operating conditions
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The examined shaft has four compartments: the rock skip, counterweight, south-
ern skip and northern skip. The study of the force load and strength characteristics is
illustrated on the example of the counterweight compartment.

Fig. 2 shows the distribution of load coefficients of reinforcement of the counter-
weight compartment on the shaft layer.
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1, 2 — load of conductors No. 3 and No. 4 respectively; 3 — frontal loads

Figure 2 — Load coefficients for the shaft counterweight compartment at a speed of 10 m/s for all
test descents and hoisting

The loading diagram of the bunton No. 3 of the counterweight compartment under
the load from the actuator No. 4 in the frontal plane is shown in Fig. 3.

5140

'1_5_130

S 120 g |

e 110"__"-- D Y I M Y Y T Ty N S T S NN MR O {__
100_\ T A 6
il § NI L :
o [\ / N\ |
E NN A 1
N O IO 74 O N L O O
N N AL N 7 =
= WA A ~1

20

Y M ki b M

GO 15 30 45 60 73 90 105 120 135 150 163 180 195 210 225 240 235 270 283 300

Reinforcement layer numbers

1 — actual maximum loads for all test cycles;
2, 3, 4 — permissible loads with safety margins of 2.15, 1.5 and 1.0 respectively;
5, 6 — permissible loads with safety margins of 2.15 and 1.0 respectively for an unworn bunton

Figure 3 — Load diagram of bunton No. 3 of the counterweight compartment
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The influence of wear of shaft conductors and buntons on the accident hazard pa-
rameters of the “vessel - reinforcement” systems was studied through combined
graphs of layers-wise values of permissible loads on shaft compartment conductors
and buntons, which reflect the loss of cross-section due to corrosive wear and opera-
tional loads.

Histograms of load distribution by 1 layers in the counterweight compartment of
the shaft are shown in Fig. 4.
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Figure 4 — Histograms of load distribution by layers in the shaft counterweight compartment

Fig. 5 shows the deflections of conductor No. 3 from the action of frontal contact
loads during the movement of the counterweight in operating modes of movement at
speed of 10.5 m/s. Over the entire depth of the shaft, the deflections do not exceed the
maximum permissible 45 mm.
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Figure 5 — Deflections of conductor No. 3 from the action of frontal contact loads

Fig. 6 shows the graphs of the distribution along the shaft depth of the residual
safety margins of the section No. 3 from the frontal contact loads on the conductor
No. 4. The graphs have areas with safety margins below the recommended values of
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2.15 according to the criterion of nonaccumulation of fatigue damage under the actual
contact loads from the counterweight when the vessel moves at a speed of 10.5 m/s.
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Figure 6 — Residual safety margins of the bunton No. 3

The beams of the bunton No. 3 have areas with reduced safety margins, these are
layers No. 29, 60, 64. This reduction in safety margins is caused by increased wear
and stress on the reinforcement elements.

The same calculations of loads, deflections and residual safety margins were per-
formed for the buntons No. 2 cut and the conductor No. 4 of the counterweight com-
partment. Similar studies and calculations were also carried out for the reinforcing
elements of the rock, north and south skip compartments. The following conclusions
were made based on the results.

In the counterweight compartment, the loads are up to 18 kN along the entire
shaft depth in the lateral and frontal planes, with single peaks of up to 39 kN. The
maximum value of the loads on the conductors is equal to: at a speed of 10 m/s,
frontal loads of 37 kN, and lateral loads of 39 kN. The coefficient of disturbance of
the vessel's smoothness along the shaft is 0.32. This means that along the shaft depth
on 32% of the layers, impact-contact mode of varying severity of collision between
the safety shoes and the working faces of the conductors is realized.

In the rock skip compartment, the loads are up to 15 kN along the entire shaft
depth in the lateral and frontal planes, with single peaks of up to 40—49 kN in the lat-
eral plane. The maximum value of the loads on conductors No. 1 and No. 2 along the
entire shaft depth is equal to 49 kN of frontal loads and is equal 47 kN of lateral loads
at a speed of 10 m/s. The coefficient of disturbance of the vessel's smoothness is 0.27.
This means that along the shaft depth on 27% of the layers, impact-contact mode of
varying severity of collision between the safety shoes and the working faces of the
conductors is realized.

In the northern skip compartment, the loads are up to 18 kN along the entire shaft
depth in the lateral and frontal planes, with single peaks of up to 33—47 kN. In the
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frontal plane, conductor No. 6 is more loaded, in the lateral plane, the western faces
of conductors No. 5 and No. 6 are more loaded than the eastern faces. The maximum
value of the loads on the conductors along the entire shaft depth is equal to: at a speed
of 11 m/s, frontal loads are 47 kN, lateral loads are 39 kN. The coefficient of disturb-
ance of the vessel's smoothness along the shaft is 0.68. There are 68% of the layers
along the shaft depth, where the impact-contact mode of varying severity of the colli-
sion of the safety shoes and the working faces of the conductors is realized.

In the southern skip compartment, the loads are up to 20 kN along the entire shaft
depth in the lateral and frontal planes with single peaks of up to 35-48 kN. In the
frontal plane, conductors No. 7 and No. 8 are equally loaded. In the lateral plane, the
western and eastern faces of the conductors are equally loaded. The maximum value
of the loads on the conductors along the entire shaft depth is equal to: at a speed of
11 m/s, frontal loads are 35 kN, lateral loads are 48 kN. The coefficient of disturb-
ance of the vessel's smoothness along the shaft is 0.95. In 95% of the layers along the
shaft depth, the impact-contact mode of varying severity of collision between the
safety shoes and the working faces of the conductors is realized.

The summarized data on the dynamic load of conductors by shaft compartment
are shown in Table 1.

Table 1 — Dynamic load of conductors by shaft compartment

Shaft compartments
Load, kN Rock skip, % Counterweight, % | Southern skip, % | Northern skip, %
frontal lateral frontal lateral frontal lateral frontal lateral

0-10 86 74 86 68 8 21 65 52
10-20 11 21 22 87 69 31 38
20-30 1 3 4 4 8 1 8
30-40 1 1 1 4 1 1 1 1
40-50 1 1 1 1

Risk assessment during the operation of the shaft compartment reinforcement is
carried out according to the safety margins of conductors and buntons under the oper-
ating loads in the accepted mode of operation of the hoisting using the following
formula [6]:

n,.—n
Rcon(nact) =85 _act ‘100%, (1)
ng —nﬁ

where 74 — actual safety margin; 715 — maximum allowable margin of safety under
the condition of fracture; ny — endurance limit under alternating shock-dynamic loads.
Assuming nfr = 1.0 and ns = 2.15, we obtain the following data (Table 2):
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Table 2 — Safety margins of reinforcement of shaft compartment

Shaft Reinforcement elements Reinforcement | Safety margin, Risk
compartment layers, No. mPa indicator, %.
. Conductors No. 1, No. 2
Rock skip Buntons No. 1, No. 2 0287 More than 2,15 0
Conductors No. 3, No. 4
Bunton No. 2 0287 More than 2,15 0
Counterweight 29 2.00 13
Bunton No. 3 60 1.95 17
64 1.19 83
Conductors No. 7, No. 8 0287 More than 2,15 0
. Bunton No. 2
Southern skip
Bunton No. 1 60 1.82 29
" ' 73 1.78 32
Conductor No. 5 287 2.05 9
Northern skip | Conductor No. 6
Buntons No. 2, No. 3 0-287 More than 2.15 0

The generalized risk indicator for the strength criterion is set at the minimum val-
ue of the safety margin of all load-bearing elements, since the destruction of any of
them causes an accident in the entire shaft.

The generalized risk indicators are as follows: 0% for the rock skip compartment,
83% for the counterweight compartment, 32% for the southern skip compartment,
and 9% for the northern skip compartment.

In the rock skip compartment, in order to prevent the development of negative
phenomena, it is recommended to reduce the loads to 20-30 kN on the levels
No. 127-130.

For the counterweight compartment, the technical condition of the reinforcement
elements is unsatisfactory in the area of layers 29, 60, 64 and section 3, where the
actual loads are 1.3 times higher than the permissible loads with account for wear. To
prevent the development of negative metal fatigue phenomena in this section, it is
recommended to reduce the load to 20 kN.

For the southern skip compartment, the technical condition of the reinforcement
elements is unsatisfactory in the layers 60 and 73, where the actual loads are 1.2
times higher than the permissible ones. In order to prevent the development of nega-
tive phenomena in the compartment, it is recommended to reduce the loads to 30 kN.

For the northern skip section, the technical condition of the reinforcement ele-
ments is unsatisfactory in the layers 287, where the actual loads are 1.1 times higher
than the permissible ones.

In order to prevent the development of negative phenomena in the compartment,
it is also recommended to reduce the loads to 30 kN.

4. Results

Based on the results of the shaft inspection, recommendations are developed to
improve the safety of its operational condition. On all layers with high actual loads, it
is recommended to carry out planned measures to improve the strength characteristics
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of the reinforcement. When switching to a more intensive mode of operation, it is
necessary to conduct special surveys to determine the actual deformation and strength
parameters of the system.

The factor of rock shear causes a number of specific tasks for diagnosing the
shafts located in such zones. These are, first of all, tasks related to the need for the
following:

- more frequent surveying operations to control the verticality parameters of the
conductors and shaft walls;

- assessment of the impact of conductor verticality violations on the level of dy-
namic loads from hoisting vessels in each compartment of the shaft;

- performing hardware dynamic control of the smoothness of the movement of
hoisting vessels during complex surveys in accordance with [10];

- controlling the wear of reinforcement conductors and buntons, analyzing the
profiling of reinforcement conductors;

- performing deformation-strength calculations of conductors, buntons, rein-
forcement as a whole and hoisting vessels under the influence of actual dynamic
loads.

The results of measurements of the physical and mechanical parameters of the
equipment and shaft reinforcement in the form of tabular materials, diagrams and
graphs contain data on localized violations and potentially dangerous areas of rein-
forcement. This information allows experts to obtain objective data on the interaction
of several parameters, the degree of intensity of their changes, and the level of danger
of various processes and conditions. The initial data on hazardous changes in indica-
tors accumulated over a long period of time are used for further systematic risk-
oriented analysis of the safety level of the mine hoisting operation in order to make
corrective decisions.

Based on this information, the expert promptly develops recommendations on
measures, the procedure and timing of measures implementation to eliminate the
identified violations, which reduces the risks of spontaneous accidents due to uncon-
trolled accumulation of degradation damage to equipment in the shafts. The system of
such measures contributes to solving the economic problems of the industry by in-
creasing the hoisting speed, increasing the volume of minerals delivered to the sur-
face, reducing the cost of accident elimination while improving the safety of mine
hoisting units and reducing occupational injuries in the operation of vertical shafts.

5. Conclusions

The scientific and practical results are the basis for further development of meth-
ods for controlling potentially dangerous mine hoisting systems in difficult operating
conditions, development of new risk-oriented technologies for controlling these sys-
tems to ensure efficient, reliable and safe mining operations at Ukrainian mining en-
terprises. The expected results will make it possible to move to a qualitatively new
level of safety management of mine hoisting in coal and ore shafts and optimize re-
pair and restoration work in risky conditions during long-term operation of the hoist-
ing shafts.
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Monitoring the technical condition of mine shaft equipment can solve the follow-
ing:

- social problems by improving the safety of hoisting units, significantly reducing
occupational injuries during the operation of vertical shafts;

- economic problems due to reduction of material costs and scope of repair works
of the shaft equipment as a result of localization of the areas of high accident rate in
the shafts.
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RIATHOCTUKA CUCTEM LUAXTHOIO NIANOMY HA PYOHUKAX, LLIO EKCMNYATYIOTLCA
B 30HAX 3CYBY I'PCbKUX NMOPIA
Inbin C., Adopcbkka J1., Namapas 4., InbiHa |.

AHoTauif. B cTaTTi po3rnaHyTi NMTaHHS QiarHOCTUKU CUCTEM «MiAMOMHA NOCYaMHa — apMyBaHHA» Ha pyaHUKax, ae
crocTepiraeTbCs BNAMB 3CYBY MPCbKMX MOPIG Ha ekcryaTauiiHui CTaH BEPTUKanbHUX NignoMHuX cToBbypis. MeTa Lmx
POBIT - yAOCKOHANEHHS! TEXHIYHOrO CTaHy YCTaTKyBaHHS LUAXTHUX MINOMHMX KOMMMEKCIB B TakMx yMOBaxX Ans niasu-
LEHHS iX HAAINHOCTI Ta WBMAKOCTI MigiomMy, CyTTEBOMO 30inblieHHs 06Csry BuaaYi Ha NOBEPXHIO KOPUCHWX KOManuH K
OCHOBHOTO NOKa3HMKa NPOAYKTUBHOCTI po60Tu pyaHuka. akTop 3CyBy ripCbkiux nopig 06yMOBMOE pU3NKW BTPaTH CTii-
KOCTi KONOCTOBOYPHOrO MacwBy, LLO BUKIMKAE MOTO 3pYLLEHHS NPy TpMBanii ekcnnyaTalii Ta Npu3BOAMTL A0 NOPYLUEHHS
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reomeTpii BepTukanbHUX cToBOYpIB. BukpuBneHHs cTiHOK cToBOypa npu BNAWBI HA PO3MOPW i NPOBIAHWKA KOPCTKOrO
apMyBaHHs NpU3BOAATL A0 iX Aedopmalii Ta poscnabneHHs 3aknageHHs B KpinneHHi cToOypy, WO CTBOPHOE aBapilHO-
HebesaneyHi cuTyaujii nig Yac pyxy mignomMHux nocyauH. [ns ymoB 3CyBY ripCbKuX NOpid, Ha NPpWKNagi BEPTUKANbHOro
cToBbYpy pynoBugobyBHOro nignpuemctea YkpaiHn, HaBegeHo pesynbTatit BUNpoByBaHb Ta AOCHiMKEHb AMHAMIYHOTO
CTaHy CUCTEM «MiZAOMHa MOCYAMHA - apMyBaHHs». BMKOHAHO aHania po3noAiny CWUMoBOi HaBaHTAXEHOCTI BigdineHb
obcTexeHoro cToBOypy, po3paxyHki 3anaciB MiLHOCTI €NleMEHTIB apMyBaHHS 3 OLIHKOIO PU3MKOYTBOPIOKYMX (DaKTOpiB,
BM3HAYEHHS TEXHIYHOTO CTaHy apMyBaHHS CTOBOYpY 3 pekoMeHAaLisiMu LIoAo 1oro nominieHHs. Mpu BunpoByBanHi
BMKOPWUCTAHO METOAM KEPYBaHHS eKCnnyaTauitHuM CTaHOM LaXTHWX MIQAOMHUX YCTaTKyBaHb Ha 6a3i Cy4yacHUX TEXHO-
norin Ta TeXHIYHWX 3acobiB KOMM'IOTEPHOI eKCrpec-AiarHoOCTUKK Aitodoro obnagHaHHa. 3a pesynbTaTamm 0BCTEXEHHS
cToBOypa HaaalTbCA pekoMeHaaLlil Woao NiaBuLLeHHs Besnekn Noro PYHKLiIOHYBaHHS B YMOBaX 3CyBY MipCbKWX Nopia.
Lle e ocHOBOIO 100 PO3pOBKK NnaHiB PEMOHTHUX POBIT Ta BUSHAYEHHS Yepry iX BUKOHAHHS 3rigHO PiYHOMY nnaHy rip-
HW4Kx pobiT nignpuemctaa. OuikyBaHi pesynbTaTi AO3BONATL NEPENTU HA SKICHO HOBWIA piBEHb ynpaBMiHHA Be3nekoto
pOoBOTM LAXTHWX NiANOMIB B BYFifIbHUX | pyaHWUX CTOBOYpax Ta ONTUMI3yBaTh PEMOHTHO-BIHOBMIOBANbLHI poBOTH B puan-
koHebe3neyHx yMoBax npu TpuBanin ekcnnyaradii nignomHux cTosoypis.
KntouoBi cnoBa: waxTHuii nigiom, ctoBOypu, NocyanHa, apMyBaHHs, MPOBIGHUKKM, PO3NOpK



