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SELECTION OF THE MEANS OF AUXILIARY TRANSPORTATION FACILITIES
AND ADAPTATION OF THEIR PARAMETERS TO SPECIFIC OPERATION
CONDITIONS

Purpose. To improve selection methods of operation schedules as well as means of auxiliary transportation facilities involving
adaptation of their parameters to the specific application environment while preparing new extraction pillars for coal mining.

Methodology. The current methods for substantiating the operational parameters of the means of internal mine transport do
not take into account the impact of mining-geological and technological factors, which change inadequately in space and time, on
their productivity. The recommended method for selecting transport and technological schemes and increasing their adaptability
in the real conditions of the mine environment is based on the comprehensive use of methods of expert evaluation of the opera-
tional indicators of the new generation of auxiliary transport means and modeling of the conditions of their interaction with arch
support and side rocks at the stages of mining and their operation when preparing new mining pillars for cleaning mining.

Findings. The expert evaluation concerning technological features of mining field preparation as well as assembling and dis-
mantling operations has determined that for the specific conditions of Western Donbas mines, the suspended diesel monorail lo-
comotive and self-propelled machines are the most promising options. Gear clutch rail diesel locomotives are recommended as the
auxiliary transport for the accelerated preparation of extraction pillar and introduction of a longwall into operation.

Originality. New approaches have been substantiated to improve selection of the efficient means of auxiliary transportation
facilities and identify their operational parameters for the well-timed preparation of extraction pillars for their removal under the
intensified underground mining conditions. A transportation schedule has been proposed to supply heavy tonnage loads by means
of the suspended diesel rail locomotives as well as methods to calculate the expected loads on suspension members of the monorail
road taking into consideration physico-mechanical characteristics of roof rocks within a development mine working.

Practical value. It has been proved that under the conditions of the intensified mining operations, the recommended engineer-
ing solutions meet the requirements of the well-timed preparation of new extraction pillars. In addition, they are considered as a
new tendency to improve current schemes of auxiliary transportation facilities for regional mines and provide operational reliabil-
ity of the available underground transport equipment.
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Introduction. Large-scale implementation of the powered
new generation mining systems in Western Donbas (WD)
mines has stipulated the necessity to intensify rates of coal
preparation for extraction. Nevertheless, mining deepening
increases rock pressure, temperature, and gas content of coal
seams and minerals, which negatively impacts the rates of a
new extraction pillar preparation for coal production. Prac-
tices have proved that if stratal mine workings are driven and
operate within the environment where rocks prone to heaving
are available, then a need arises in the repeated scheduled
maintenances of areal transportation mine workings to sup-
port their design sections and capacity. In this connection,
designing of operation schedules to prepare reserves for min-
ing should fulfil specific requirements as for the selection of
means of auxiliary transportation facilities and substantiation
of their performance parameters to function efficiently at dif-
ferent stages of life cycle.

Topicality of the issue. According to the current standards
of a coal mine design, a velocity of the development mine
working driving for the well-timed preparation of new extrac-
tion pillars should exceed face velocity by 25 % [1]. In the con-
text of intensive coal seam mining, the current operation
schemes and schedules of assembling and dismantling opera-
tions (ADOs) involves dismantlement of power-intensive
mining equipment from the worked-out longwall and its deliv-
ery to a mounting chamber of a new extraction pillar without
any disassembling (or with partial disassembling) of the pow-
ered support sections. In terms of such requirements, the act-
ing procedures and methods to select means of auxiliary trans-
portation facilities and calculate their operational parameters

© Herasymenko A. O., Rastsvietaiev V. O., Shyrin A. L., 2023

need cardinal changes as well adaptation for the specific con-
ditions of mine environment experiencing constant temporal
and spatial variations.

Literature review. Several generations of scientists and re-
searchers have analyzed both operational parameters of trans-
portation schedules and processes of well-timed coal prepara-
tion for mining [2, 3]. The papers have proved theoretically
and experimentally that under the specific WD conditions,
intensification of development operations (DOs) should in-
volve the use of overland rope roads in the straightway areal
mine workings and new-generation diesel suspended monorail
roads (SMRs) in the curved areal mine workings with a com-
plex rail profile [4, 5].

Numerous papers by national and foreign authors consider
mostly the problems of well-timed coal preparation for mining
from the viewpoint of the improved roof stability in assembling
and dismantling chambers or from the viewpoint of the cham-
ber supplying with the specific equipment for safe assembling
and dismantling operations [6, 7]. The papers deal with cur-
rent methods for mounting timber dismantling chambers by
means of two-level anchoring and high-strength mesh cover-
age. At the same time, the lion’s share of coal preparation for
mining belongs to transport and technological processes and
operations which performance is still understudied.

Due to the reasons, domestic coal enterprises slowly im-
plement the world practices as well as technologies to prepare
reserves for mining with the use of innovative methods for tim-
bering development mine workings, mounting chambers, and
suspended monorail roads with highly adaptive diesel locomo-
tives.

Earlier papers |8] considered only mechanical characteris-
tics of rope and monorail roads and ignored complex evalua-
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tion of their parameters from the viewpoint of interaction be-
tween SMR components and rock mass in the process of the
monorail carrying equipment traffic. In this connection, paper
|4] proposes to consider rock mass, mine working supports,
and SMR elements as an interactive rock mass-support-trans-
port vehicle system. The approach necessity is especially topi-
cal while determining performance parameters of the system
components in the context of intensification of transport and
technological processes and narrowing the gap between min-
ing and development operations while preparing new extrac-
tion pillars.

Purpose. Papers [5, 9] represent the generalized practices
of the suspended monorail and overland rope roads (ORRs) as
well as theoretical and experimental results of analysis of their
parameters in mines. The proposed innovative engineering so-
lutions have helped improved efficiency of ORRs, and their
reliability under standard and nonstandard operations.

Recommendations have been elaborated to use the sus-
pended monorail roads for the watered mine workings as well
as transport networks with intensive rock bottom heaving [4,
10]. Comprehensive analysis of rock mass-anchoring-SMR
system interaction has helped conclude that if a load carrier
passes through the connection joints of a monorail, the sup-
porting frames become stress concentrators resulting in the
structure from rock pressure forces. Moreover, dynamic loads,
transmitting repeatedly to bearing arches of the support when
carrier is passing through the connection joints of a monorail,
provokes roof rock lamination putting it into motion which
curves the monorail profile and varies parameters of design
section of the transport mine workings (Fig. 1).

Theoretical and experimental studies [11] on the dynamic
processes, arising when rolling equipment is moving through
the suspended monorail road, have made it possible to pro-
pose the ways reducing the load with the help of unique struc-
tural concepts. However, the studies did not take into consid-
eration the load on the areal mine working supports while
transporting super-heavy goods (i.e. rail packs, coal shearer
assemblies, and powered support sections) under the specific
mine conditions.

While assessing the results of previous studies, it is possible
to conclude that further search for engineering solutions in the
field of new extraction pillar preparation under the intensified
mining operations should be aimed at the determination of
SMR performance while transporting super-heavy goods
through irregular-shape underground mine working.

The research task is as follows. Improvement of the meth-
ods for selecting operation schedules of the auxiliary transpor-
tation facilities for well-timed preparation of extraction pillars
for mining is based upon the implementation of a transport
logistics concept while optimizing:

Fig. 1. Negative results of impact by dynamic loads of rolling
SMR equipment of arching and the mine working roof [4]

- performance parameters of development mine workings
for different stages of their life cycle;

- way and means to transport goods at the stages of devel-
opment mine working construction and ADO performance;

- operating parameters of vehicles under specific mining
conditions;

- conditions for interaction between rock mass-frame an-
choring-SMR system components while performing techno-
logical mining processes.

The necessity to carry out the last-mentioned task depends
upon the fact that a technology of frame anchoring to support
development mine workings has been designed and imple-
mented for the specific conditions of WD mines.

The key idea of transport logistics (i.e. right on time) has
become the foundation of the well-timed technique providing
processes helping prepare a field of mining operations involv-
ing safe delivery of personnel and auxiliary materials to devel-
opment faces and mounting chambers.

The main part. According to the represented research algo-
rithm for improving methods to select operation schedules of
the auxiliary transportation facilities for well-timed prepara-
tion of extraction pillars to be mined, it is recommended to do
the work in stages.

In practice, structural and operational parameters of de-
velopment mine workings for different stages of their life cycles
are selected relying upon the current norms taking into con-
sideration parameters of the vehicles as well as maximum di-
mensions of the mining equipment to be delivered to a mount-
ing chamber through a mine working.

It should be mentioned that modern ADO techniques in-
volve transportation of specific out-of-gauge goods (i.e. rods,
and pipes) as well as the assembled powered support sections
to mountain chambers. Thus, while delivering such out-of-
gauge goods to mounting chambers, the procedure forming a
system of auxiliary transportation facilities should involve both
features and characteristics of the vehicles in addition to the
specific nature of a new extraction pillar preparation under
complex (critical) mining and geological conditions.

To prepare new extraction pillars, the improved methods
involve selection of transportation ways and means based upon
a system of criteria and their expert evaluation; selection of the
parameters of vehicles should take into consideration their
adaptive capabilities under actual underground conditions.

While selecting certain means of mining equipment trans-
portation as well as a vehicle type, the following is considered
as the basic criteria:

- minimal expenditures connected with delivery;

- order of PS component transportation to mounting cham-
bers;

- preset time of the goods delivery;

- maximal reliability and safety;

- capability to transport the out-of-gauge goods in the un-
derground mine workings;

- capacity and availability of the vehicle.

Traditionally, the recommended method of expert evalua-
tions and its basic alternatives are used to forecast develop-
ment of engineering systems. They are applied to assess the
factors influencing a decision-making process as well as the
qualitative and quantitative indicators [12]. According to the
structure of activities by underground transportation and tech-
nological systems for development mine working construc-
tion, and ADOs, a rank correlation method is considered as
the most accessible alternative of an expert evaluation method.
The system is based upon professional conclusions by a group
of experts in the field with long experience of auxiliary trans-
port operation under the specific conditions of WD mines.

To identify the most efficient way of auxiliary goods and
equipment delivery in curvilinear in-seam mine workings with
alternating-sign road profile, each expertj (j = 1,..., m) was
presented with a group of i (i = 1, ..., n) factors; the expert was
accorded a right to evaluate their value and share, and assign a
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certain rank. A factor, having the heaviest influence on the
problem solution, was assigned the highest (the first) rank;
others were assigned the second, the third etc. rank according
to their values.

Under the intensified mining conditions, a shaping pro-
cess of new extraction pillars considers dismantling of the
powered support sections after longwall was worked-out and
their transportation through network of underground mine
workings to a mounting chamber of a new longwall in the dis-
assembled state as the most labour-intensive operation. In this
connection, a group of characteristic factors has been formed
influencing directly performance indices of vehicles as well as
their adaptive capabilities. To support the independent expert
evaluation of out-of-gauge goods delivery within the under-
ground irregular shape mine workings, each of the indicators
was symbolized as follows (Table):

il — operational efficiency of a vehicle;

i2 — reliability and safety;

i3 — possibility to transport diverse goods simultaneously;

i4 — possibility to control a transportation process remotely;

i5 — possibility to deliver out-of-gauge goods through the
underground mine workings;

i6 — possibility to transport large tonnage goods;

i7 — possibility to be used within the curvilinear mine
workings both in profile and in plan;

i8 — traction force;

i9 — compliance with the specified delivery time;

i10 — duration of the loading-unloading activities;

i11 — dependence of the performance parameters upon the
floor rock stability;

i12 — dependence of the performance parameters upon the
roof rock stability;

i13 — possibility to be used as the only vehicle;

i14 — degree of safety of the goods;

i15 — productivity per shift.

Summary of the matrix Table processing is columnwise
computation of the rank sums. The most influential factor or
reliable alternative will be that one whose rank sum is the
smallest. According to recommendations by [12], more accu-
rate qualitative evaluation of expert survey needs determina-
tion of a consistency index of expert opinion and concordance.

Average consistency ratio r is calculated in accordance
with expression [12]

2
2m(2n+1)122{zr0}

i=1\_j=1
(m=19n—10m(m—-Dn(n*-1) |

where m is the number of experts participating in the survey; n
is the number of the evaluated objects.

Concordance coefficient W, taking into consideration the
scatter of the survey results of the average level, is calculated
using formula [12]

122(1,.2
i=1
mi(n* —n)’
At the same time,
i " m(n 1)
j:

Both coefficients are interconnected with the ratios
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W =0 value corresponds to the case when opinions vary; if
W =1, then opinions coincide in full.

In practice, expert opinion consistency is evaluated by
means of their confidence level, i.e. by means of a concor-

Table

Results of expert evaluation of the alternatives
of out-of-gauge goods delivery

Alternatives of out-of-gauge goods delivery
o S -
. g, | & 03 g
Evaluation L; % 9 % = § =
parameters g = = = S E & e S 5
38 Sg 2 635|885
<= oL & ASE|AzE
Rank assigned to the factor by an expert
il 1 1 3 3 2
i2 1 3 4 1 2
i3 2 3 1 3 2
i4 2 1 2 1 1
i5 3 3 1 2 2
i6 3 1 3 2 2
i7 3 3 2 1 2
i8 2 1 2 1 1
i9 3 4 3 1 2
il0 3 3 2 2 2
ill 3 2 1 3 1
i12 1 3 2 2 3
i13 2 3 1 4 2
il4 3 3 2 1 1
il5 4 1 2 2 2
Z'}; =h, 36 35 31 29 27

dance coefficient determined according to Pearson distribu-
tion (x?).
In the general case,

2ma(n+1) (n-D)Y (12 ~1,)
J

where £, is the number of similar ranks in j line of the matrix
Table; (n — 1) is the number of degrees of freedom.

In line with the described methods, Table demonstrates
the results of expert evaluation of means to deliver large-ton-
nage goods from the mined-out longwall to a mounting cham-
ber of a new extraction pillar.

While determining the concordance coefficient, it is nec-
essary and sufficient for the calculated value

X2 —(n-DmW,

to excess a Table value identified by the number of degrees of free-
dom n =1 as well as by a confidence level assumed as 0.9—0.95.

Relying upon the evaluation results of performance indi-
cators of the recommended vehicles (Table), rapid preparation
of extraction pillars under the conditions of WD mines should
prefer operation schedules of large tonnage goods delivery by
means of the suspended diesel monorail roads.

It should be mentioned that DTEK Pavlohradvuhillia PISC
is the first company in the region which implemented the in-
novative engineering solution. Under its specific conditions,
Stepova mine uses the suspended monorail road with Czech
diesel locomotive Ferrit DLZ110F for fast delivery of auxiliary
materials, equipment, and personnel to development and
mining faces. High adaptive capability of the diesel locomotive
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confirms expert opinion. However, nonavailability of feasibil-
ity study on performance parameters needs implementation of
particular research to improve the obtained TTS indicators
under the specific conditions of WD mines. It depends upon
the fact that low load-carrying capacity of rocks in the neigh-
bourhood of areal mine workings in addition to intensive water
inflows impose significant constraints on transportation con-
ditions while excluding the possibility of safe delivery of the
equipment which mass is more than 8 tons [13].

The negative factors decreases efficiency of vehicles and
prolongate the periods required to prepare new extraction pil-
lars. The abovementioned causes significant damages due to
late commissioning of high-productive mining equipment.
Hence, well-timed support of extraction activities needs cor-
rection of the rates of in-seam development mine working
construction relative to the active stope advance velocity and
consideration of adaptive capability of transport facilities to
actual conditions of underground environment.

According to [14], operation schedules as well as parame-
ters of the in-seam areal mine workings construction, needed
for well-time resumption of mining activities, are determined
for the specific technique of the extraction pillar preparation, a
system of coal seam removal involving technical and opera-
tional parameters of transportation means, and for their effi-
ciency. At the same time, structural and power parameters of
the recommended vehicles should be adapted to various op-
erational conditions of development mine workings, i.e. com-
ply with the requirements at each stage of their life cycle being
construction of mine workings, implementation of ADOs, and
during mining operations.

SMR practices in Pokrovska and Stakhanov mines confirm
|4] that different stages of the new extraction pillar preparation
need adaptation of SMR performance indicators to actual un-
derground environment as well as to the ones of development
mine workings varying throughout time and space.

In terms of traditional procedures preparing for preparing
in-seam areal mine working, monorail SMR track is fastened
to anchoring girders of AKII type. Under the conditions of
WD mines, arching of KIIII1Y type is applied. A, B, and C al-
ternatives of possible monorail SMR structure fastening to
arched frame KIII11Y (Fig. 2) are identified by means of com-
position of vehicles, applied in the mine working, and their
type and parameters.

Studies [4, 14] have identified that to improve stability of
development mine workings, equipped with SMRs, it is re-
quired to fasten monorail road to a roof by means of extra
chains with the use of anchors. Fig. 3 demonstrates potential
SMR anchoring to a development mine working roof.

According to the structural and logical research frame-
work, calculation of the performance SMR parameters under
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Fig. 2. Schemes of possible SMR structure anchoring within the
in-seam areal mine workings:

A, B, C— alternatives of possible monorail SMR structure anchoring
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Fig. 3. Alternatives of the suspended monorail road fastening to
a mine working roof:
a — rigid fastening to metal frame anchor; b — rigid one anchor
fastening; ¢ — chain fastening on one anchor, d — chain fastening
on two anchors; e — rigid fastening on two anchors with a chain

the actual environment of WD mines, rock mass, frame an-
choring of development mine workings, monorail road struc-
ture, and anchors for its fastening should be considered as in-
teracting wall rocks-frame anchoring-rolling equipment trans-
portation and a technological scheme.

Earlier studies have helped understand that in the process
of SMR activities, roof of the in-seam development mine
working experiences extra dynamic loads which should be
taken into consideration while determining frame anchoring
parameters. The abovementioned can be achieved if some ex-
tra load on bearing anchors (i.e. deep laying anchors) is in-
volved. The last-mentioned anchors are applied to fasten
monorail SMR structure to a development mine working roof.
Deep laying anchors are mounted between the lines of the
first-level anchors. The number of deep laying anchors within
the line depends upon B width of a mine working. If B< 5.5 m,
then there should be at least two deep lying anchors.

Extra loads on the bearing anchors arise when SMR is
passing through the connection joints of a monorail structure,
i.e. at the expense of increase in analytical specific load P, by
additional weight AP, value determined by the expression

Af)a:PS kd
BC

s

)

where P™ is maximal static load on one suspender, kN; C; is
distance between SMR suspenders, m; k, is coefficient taking
into consideration the impact of dynamic loads on a roof aris-
ing during the goods transportation.

According to recommendations by [15, 16], the coefficient
of dynamic load on the anchor is k, > 2.

Selection of an anchor, complying with the operational
conditions, and its parameters are determined involving ana-
Iytical total load P, + AP,. Hence, parameters of bearing an-
chors, applied to fasten the suspended monorail road, are cal-
culated inclusive of maximum weight of goods being trans-
ported, the working load on one suspender of a monorail road,
the required safety margin determined by the SMR manufac-
turer, and the potential dynamic stresses on carriages and sus-
penders.

In line with the recommendations, maximum static load
on one suspender is defined by means of the expression

(O™ +Op )ky
q b

Pm?lX —

s

where O™ is maximum allowed weight of goods falling at the
road section C, kN; C; is the distance between the suspenders,
m; Qris total weight of the attachments within a road section,
kN; & is the coefficient of load distribution by large tonnage
goods on carriages; ¢ is the number of the carriages.

A distance between C; suspenders is a distance between
SMR suspenders, i.e. a monorail road section within which
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maximum load happens. It is defined with the help of the
number of ¢ carriages falling at it. Its calculation is based upon
SMR specifications, permissible weight of the transported
goods, and capacity of the carriage.

Value of k; coefficient depends upon the number of car-
riages getting on two adjacent rails relative to a suspension
point. It is defined using the expression

kp =1 if ﬂ21 and k; =2—i if i<1,
CS CS CS
where L, is minimal distance between the carriages, m; C; is
distance between SMR suspenders, m.

In practice [13], to deliver out-of-gauge goods, SMR car-
riages are united to be loading platforms; in this context, max-
imum allowable dynamic stresses falling at the monorail struc-
ture and its suspenders are ignored.

A suspender is a structure involving bracing rods, i.e. a sys-
tem of pivots, chains, collars, and bolts interconnected in one
point of a monorail mounting. In such a way, one suspender
can consist of one as well as of several bracing rods (Fig. 3). If
the last-mentioned ones meet at a certain point of monorail
mounting, then bearing capacity of the whole suspender may
not be equal to the total of bearing capacities of its separate
bracing rods [17, 18].

The approach can provide neither out-of-gauge goods
with the total Q,, > 8¢ weight (i.e. rail pack, the powered sup-
port section etc.) nor safe SMR operation. Simulation results
of interaction between rock mass-frame anchoring-SMR sys-
tem components show that to transport large tonnage goods,
carriages should be united into loading platforms (Fig. 4);
moreover, distance between their centres should be selected in
such a way to meet following condition

Pk, <N, (M

where k,, is safety margin; N, is bearing capacity of the sus-
penders.

N; value should be understood as the minimum load in
terms of which at least one component of a suspender is dam-
aged, which results in breakdown. Safety margin k,,, taking
into consideration dynamic stresses of the system, is defined
by SMR manufacturer; in addition, it should not be less than
three.

If inequality (1) cannot be solved, then it is necessary ei-
ther to decrease weight of loads O or to increase load-car-
rying ability of suspenders N,. It can be achieved while aggre-
gating carriages into the loading platforms forming together a
weight-handling system. In this context, the total goods weight
combined with the attached equipment Q"™ +Q,, falling at
platform trucks, should not exceed bearing capacity of sus-
penders N,. The weight-handling system of a monorail road,
shown in Fig. 4, represents distribution of large-tonnage load

Fig. 4. Lifting and transporting system of a monorail road to
deliver large tonnage goods:

1 — central bar of a monorail chain; 2 — suspenders; 3 — carrier
beams of support; 4 — mine working; Q"™ — large-tonnage goods;
6 — hydraulic advancing cylinder;7 — carriers; Qp — load plat-
Sforms; 9 — connecting rod; C; — distance between the centres of the
load platforms; 11 and 12 — adjacent monorail chains; 13 — inter-
mediate supporting arches

on the platform trucks as well as the monorail structure sus-
penders being spaced C, apart.

Hence, to deliver large-tonnage loads through the curvi-
linear underground mine workings, the problem is solved
while forming a highly adaptive weight-handling system.
Structural features of the recommended weight-handling sys-
tem help decrease the maximal load on a monorail. It is pos-
sible owing to redistribution of the total weight onto two com-
mon load platforms each of which involves two carriages.

Simulation results of the interaction between the compo-
nents of a weight-handling system in the process of large-ton-
nage goods transportation using monorail made it possible to
identify that the requirements [16] on the maximum permis-
sible bend of monorail chain /6 < /200 are provided by means
of the total load redistribution into load platforms as well as
adjustment of the distance between their centres.

Transportation of the highly adaptive weight-handling sys-
tem by means of the monorail results in redistribution as well
as simultaneous self-control of static load from the central
parts of monorail structure chains 1 to adjoining chains /7 and
12 providing the required bearing capacity of the monorail
structure, permissible bend, and performance reliability. As a
consequence, load on bearing support arches 3 decreases de-
spite the loads weight; their carrying capacity is achieved as
well as safe environment while transporting large-tonnage
loads in the period of assembling and dismantling activities.

The determined distance C, between the suspenders of a
monorail structure (Fig. 4) defines the interval to mount an-
chors. The abovementioned meets the requirements, repre-
sented by [16] while providing bearing capacity of SMR mono-
rail structure links if large-tonnage goods are transported.

To apply SMR efficiently under the specific conditions of
WD mines, the composed scheme of frame anchoring for a
development mine working roof is proposed involving the use
of definite anchors for the monorail structure suspenders.
Fig. 5 explains the composed scheme of frame anchoring for a
development mine working as well as arrangement of anchors
for the monorail structure suspenders (A4,,,).

In accordance with the recommendations by [4], a scheme
to suspend SMR monorail structure to a development mine
working roof is considered using chains and two anchors
(Fig. 3, d).

Simulation results of the interaction between the compo-
nents of a rock mass-frame anchoring-SMR system have helped
identify that the required bearing capacity of suspender an-
chors N, applied to fasten a monorail SMR structure to a de-
velopment mine working roof, is defined with the help of their
design characteristics and parameters providing maximum

Asml Asm?2

1000 I\T

T 5o ‘

4200

Fig. 5. Arrangement of the anchors for SMR monorail:

1—7 — anchors for a mine working roof; Ay, 1 and A, 2 — anchors
Jfor the suspenders of SMR monorail structure
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permissible dynamic stresses during large-tonnage goods
transportation

where N, is bearing capacity of a monorail structure suspend-
ers; n,, is a mounting interval for anchors of a monorail struc-
ture suspenders (4,,); k, is the safety coefficient of anchor
suspenders.

The defined Nas value helps select an adequate diameter of
anchoring rods. Experiments have proved that anchor length of
a monorail road suspenders /, (level two) should exceed an-
chor length /,, (level one) mounted to support a mine working
roof. The required /, ; value is calculated using the expression

la.s =gt ld:

where /, is analytical length of level one anchors applied to
support a mine working roof; /, is deepening value of anchors
of SMR suspenders over the level one anchors. The value is
assumed as thet one being no less than 0.5 m for type two of a
roof type in terms of its failure and no less than 1.0 m for roof
types one, three, and four in terms of failure.

Relying upon the support designs for monorail structure
suspenders, shown in Fig. 3, it is expedient to apply in WD
mines the technique of frame anchoring of development mine
workings using rope anchors with higher bearing capacity de-
veloped by the Anchoring Centre of the Institute of Geotech-
nical Mechanics Named after N.Poljakov of the NAS of
Ukraine [19, 20].

Use of SMR with the elements of highly adaptive weight-
handling system and the recommended engineering solutions
on the combined anchoring of a monorail structure as well as
transport mine workings comply with the requirements of
well-timed preparation of new extraction pillars. Moreover,
they are considered as a promising tendency to improve the
available schedules of the auxiliary transportation facilities of
regional mines.

Conclusions and prospects for future studies. In the context
of intensive coal seam mining using longwalls advancing to the
rise (to the dip), well-timed preparation of new extraction pil-
lars needs increase in the rate of long area mine working and
face entry construction and their supplying with transporta-
tion facilities corresponding to certain operational conditions.

Under the specific conditions of WD mines, long devel-
opment mine workings with complex coal seam hypsometry
experience intensive impact by tectonic stresses demonstrat-
ed as parametric variations in stratal mine workings and rails;
the abovementioned generates extra requirements for their
operation.

Analysis of the performance indicators of areal mine work-
ings, equipped with overland transport has helped identify that
well-timed preparation of new extraction pillars is influenced
heavily by low capacity of the available transportation and
technological schedules during assembling and dismantling
activities. In the world mining practices, the suspended mono-
rail roads with diesel locomotive are alternative to overland
transportation facilities.

To substantiate the area of efficient use of innovative ten-
dencies under the specific conditions of regional mines, the
performance indicators of a transportation and technological
schedule using the suspended monorail roads were first con-
sidered as interactive rock mass-frame anchoring-SMR system.

Simulation results of the interaction conditions of the
system elements have helped understand that the required
bearing capability of suspender anchors, applied to fasten
monorail SMR structure to a development mine working
roof, are identified with the help of their design features as
well as frame anchoring parameters providing maximum per-
missible dynamic stresses while transporting large-tonnage
goods.

The experiments have proved that increase in weight-car-
rying capacity of SMR and the attached mechanisms needs
substantiation of rational sections of mine workings as well as
their supporting techniques.

The recommended method to transport large-tonnage
goods (i.e. the powered support sections, coal shearer assem-
blies, rail packs etc.) involves extra auxiliary activities within
the loading points as well as loading-unloading points saving
their performance time while providing their safe assembled
delivery.

It has been proved that under the intensified mining, the
recommended engineering solutions comply with the require-
ments of well-timed preparation of new extraction pillars. In
addition, they are considered as a promising tendency to im-
prove operating schedules of the auxiliary transportation fa-
cilities for regional mines and provide performance reliability
of functional equipment of the auxiliary transport facilities.
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Buoip 3aco6iB 10nM0MiKHOTO TpaHCHIOPTY
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Mera. YnockoHaJleHHsSI METOAMKM BUOOPY TEXHOJIOTIU-
HUX CXeM i 3ac00iB JOMOMiXHOTO TPAHCIOPTY Ta aganTallis
iX mapaMeTpiB A0 creludiuHuX YMOB eKCIUTyaTallii mpu mi-
TrOTOBLIi HOBUX BUIMKOBHUX CTOBIIIB 10 OYMCHOTO BUMMaHHS
3araciB BYTiJLIS.

Metonuka. [iroui MeToauKu oOrpyHTYBaHHS eKCIuIyaTa-
HilfHMX TMapaMeTpiB 3aco0iB BHYTPIIIHBOIIAXTHOTO TpPaH-
CIIOPTY HE BPaXOBYIOTh BIUIMB Ha iX MPOMYKTUBHICTb TMipHU-
YO-Te0JIOTIYHUX 1 TEXHOJIOTIYHUX (haKTOPIB, 110 HeaaeKBaT-
HO 3MiHIOIOThCS Y TIPOCTOPI i1 yaci. PekoMeHaoBaHa METOIM-
Ka BUOOPY TPAHCTIOPTHO-TEXHOJIOTTYHUX CXEM 1 MiABUIIIEHHS
iX ajganTauiiiHoi 34aTHOCTI B peajlbHUX YMOBaX ILAaXTHOI'O

cepenoBuIlla 0a3yeTbCsl Ha KOMIUIEKCHOMY BUKOPMCTaHHI
METO/IiB €KCIEPTHOI OL[IHKM €KCIUIyaTalliiHUX MOKa3HUKIB
3ac00iB JOMOMXXHOTO TPAaHCIIOPTY HOBOTO MOKOJIiHHS i MO-
JIeJIIOBaHHI YMOB 1X B3a€MO/Iii 3 apKOBUM KPITUJIEHHSIM i Oiv-
HUMU NTOPOAaMU Ha eTarax MpoBeaeHHS TipHUYKUX BUPOOOK i
iX eKcIulyatauii mpu MiAroToBLI HOBUX BUIMKOBUX CTOBIIiB
10 OYMCHOTO BUMMAHHS.

PesyabpraTn. 3a pe3ynbTaTaMM €KCIEPTHOI OLIIHKU OCO-
OJIMBOCTEI TEXHOJIOTii MiATOTOBKM IIAXTHOTO TOJISI i MOH-
TaXHO-IEMOHTAXXHUX POOIT, BCTAHOBJIEHO, IO IJISI CIIELN-
¢iyHux ymoB maxt 3axigHoro JloH6acy HalOIbII MepCcIeK-
TUBHUMMU € BapiaHTH i3 3aCTOCYBAHHSIM ITiIBICHOTO IU3€Jib-
HOT0 MOHOPEMKOBOTO JTJOKOMOTUBY Ta CAMOXiTHUX MAIIIUH.
SAK nomaTtkoBMiA TMM TPAHCIOPTY JUISI TTPUCKOPEHOI MiAro-
TOBKM BUIMKOBOTO CTOBIMA Ta BBEIEHHS JIaBU B €KCILTyaTa-
LIi10 PEKOMEHIYEThCS 3aCTOCOBYBATU PENKOBI OU3EJbHI JIO-
KOMOTMBHU i3 3y04acTUM 3a4eTIEHHSIM.

HaykoBa HoBu3Ha. OOTpYHTOBaHiI HOBIi ITiIXOAW IIOIO
BIOCKOHAJIEHHS METOMiB BUOOpPY pallioHAJIbHUX 3aC00iB
JIOTIOMIXXHOTO TPAHCIIOPTY ¥ BU3HAUEHHS iX eKCIUTyaTalliii-
HUX TapaMeTpiB Uil CBOEYACHOI MiATOTOBKM BUIMKOBUX
CTOBIIiB 10 OYMCHOI'O BUIIMaHHSI B yMOBax iHTeHcHpiKallii
ripHuymnx poOiT. 3amporoHoBaHa TPAHCIOPTHO-TEXHOJO-
riyHa cxema [IJIsl TOCTaBKU BEIMKOTOHHAXKHUX BAHTaXiB
MiABICHUMMU AU3ETbHUMU MOHOPEHKOBUMU JJOKOMOTUBAMU
Ta METOAMKA PO3PAXYHKY OUiKyBaHUX HABAHTAXKEHb Ha i/~
BiCKM MOHOPENKOBOI JOPOTH 3 YpaxyBaHHSIM (i3uKo-Mexa-
HIYHUMX BJIACTUBOCTEN TiPHUYMX MOPiA MOKPIBIi MiATOTOB-
4Oi BUPOOKHU.

IIpakTyna 3HauyumicTb. [loBeaeHO, 1110 B yMOBax iHTEH-
cudikallii OUMCHUX POOIT PEKOMEHAOBaHI TEXHIUHi pillIeHHS
BIAIOBIAAIOTh BUMOTaM CBOEYACHOI MiATOTOBKYA HOBUX BUIM-
KOBUX CTOBIIIB i pO3IJISIAAIOTHCS SIK MEPCIIEKTUBHUI HAMPSIM
i3 YIOCKOHAJIEHHS JiI0UYMX CXeM AOTMOMIXKHOTO TPaHCIIOPTY
JIJTS LIAXT perioHy i 3a0e3revyeHHsT eKCITyaTaliiHoT Hamiil-
HOCTI Ail0YOro TipHUYOTPAHCIOPTHOTO OOJaAHAHHS.

KiouoBi cnoBa: aukepue kpinaenus, OuzeavHull 10KOMO-
mue, 00NOMINCHUL MPAHCHOPM, NI020MOBKA BUIMKOBUX COB-
nie, niolloMHO-MPAHCNOPMHA CUCMEMA
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