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Abstract. One of the essential issues of the benches’ development
procedure is the choice of the method of seam development in the complex
structure: joint development of rock and coal seams in one complex face or
their separate excavation in blocks of 50-100 m in length. The decision of
this question is connected with the mode of mining works, represented by
the schedule of stripping and winning works. The choice of one or another
method is connected with operative-dispatching control of haul trucks
delivery. When rock and coal are mined together in a complex face,
overburden haul trucks should be supplied for loading rock and coal haul
trucks for coal in turns. It is organizationally difficult to supply haul trucks
of different purposes during the shift. It is necessary to proceed from the
shift (daily) planning of haul trucks supply for specific faces. In addition, it
is necessary to take into account that rock and coal faces are often located
on opposite sides of the quarry pit. This article studies the issue of
organizing the operation of excavation and loading equipment during the
mining of the coal-bearing zone of the open pit in order to reduce the loss
of output of haul trucks.

1 Introduction

It is known that rock haul trucks and coal haul trucks differ in body capacity with
approximately the same carrying capacity, which is due to the fact that the density of coal is
1.5-2 times less than the overburden. For full use of loading capacity of haul truck, it is
necessary to send haul trucks of corresponding purpose to the rock or coal faces
accordingly. It is possible to send overburden haul trucks to loading coal, but it leads to
underutilization of their carrying capacity. This measure can be resorted to when excavating
small local volumes of coal. The problem is especially relevant due to the fact that in recent
years, open-pit mining goes to greater depths, and mining and geological conditions of their
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operation are worsening due to the tectonic dislocations of seams, large underground water
inflows, the general increase in the cost of the mined coal [1-24].

When coal and rock are excavated separately, long-term, constant requests for haul
trucks by type of them are carried out, which is organizationally preferable.

To develop recommendations on this issue, let us consider the schedules of stripping
and winning operations in the development of complex faces.

2 Materials

To determine the excavation time of the coal seam and the rock at different conditions of
occurrence, we take the most common mining and geological conditions, as well as the
brands of the most common equipment. Let's consider excavation of coal seam with
thickness of 4, 6 and 8 meters with Liebherr R984C backhoe. To reduce the result to a
single whole, we take the length of the excavated block to be 3 meters. The results of
mining time calculation are presented in table 1. Legend of the table: s4 — coal seam
thickness, m; ¢ — dip angle, degrees; Vso» — volume of overburden in the extracting block,
m?; ty.00 — time of overburden excavation in the block, shifts; Vi coar — volume of coal in the
extracting block, m3; #.0,a — time of coal excavation in the block, shifts.

Table 1. Joint mining of single coal seam and rock by Liebherr R984C excavator at the block length
I =3 m and different bedding angles.

Sth, M ¢, degrees Voiov, m> tbi.ov, Shifts Vil.coal, M> thi.coal, Shifts
20 290 0.126 140 0.061
30 266 0.116 96 0.042
4 40 253 0.11 74.7 0.032
50 244 0.106 62.6 0.027
60 238 0.103 55.4 0.024
20 290 0.126 210.5 0.091
30 266 0.116 144 0.062
6 40 253 0.11 112 0.0487
50 244 0.106 04 0.0408
60 238 0.103 83 0.036
20 290 0.126 280.7 0.122
30 266 0.116 192 0.083
8 40 253 0.11 149 0.065
50 244 0.106 125 0.054
60 238 0.103 111 0.048
3 Results

The analysis of the obtained results and the drawn planograms shows the following.

When mining coal and rock together, it is necessary to alternate the feeding of rock and
coal haul trucks because of the high rhythm of the type of work performed by the
excavator, and the higher the angle of the bed, the more frequent will be the change of
transport. This has the following disadvantages:

1) The need for constant availability of the right number of haul trucks of different
purposes within the boundaries of the worked area.

2) The need for coal haulers is three times less than for rock haulers at high angles of
coal bed occurrence, which essentially means the following: 3-4 coal haulers drive to
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excavator, they are loaded and take the coal to the coal stockpile, then either stand till the
next call which leads to sharp decrease of their productivity, or drive to another work site
which leads to unreasonable increase of fuel consumption.

3) The dispatcher of the motor depot must constantly monitor that the supply of haul
trucks of the right type is not interrupted. If the supply is interrupted, then, for example,
when loading coal into rock haulers there is an underutilization of hauling capacity by
almost 50%.

In order to eliminate these disadvantages, it is suggested to use one shift of 8 hours
duration as a minimum operating time unit. Knowing the productivity of the backhoe, seam
thickness and layer height, it is possible to determine the length of the excavation block,
which will be worked by the excavator during one shift.

1, = Opackioe *SINQ
Ber 1,

layer

>

where Opackioe — shift output of the backhoe, m® per shift; Ay.- — height of the excavating
layer, m; ¢, — horizontal thickness of the seam, m.
For Liebherr R984C backhoe shift output calculating by formula
O,ioe =—2.9765-C* +270.32-C-215.2,

where C is a bucket capacity of the backhoe, m3.
Accordingly, the length of the block 7 is 60-100 m. When mining a single seam, it is
necessary to determine the time of trenching by rock and coal.

I/bIﬂv _ hlayer ’ Zbl : (VVtrench + O'Shlayer (COt as +cot ¢)) shifts:
Obackhoe 0 ,

backhoe
_ V;I.cual — hlayer .lbl .tseam Shifts,

pheod Obackhoe Obackhoe : Sin ¢] ,
where o, — angle of rock slope, degrees; fsqn — normal thickness of coal seam, m; Wyenen —
cutting trench width, m.
Let’s consider mining the trench and seam with one complex face. In this case, the
length of the excavation block /;; = 2-3 m. Graph of stripping and winning works for the
conditions: fseam = 6 M, Wyenen = 18 m, higer = 4 m, @ = 20°; 40°; 60°, o, = 70° is presented
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in Fig. 1.
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Fig. 1. Planogram of backhoe operation at joint excavation of cutting trench by layers and coal seam
of different dip angle.
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When changing the thickness of the mined seam of 4, 6, 8 m and its dip angle of 20°,
the graph will look as shown in Fig. 2.
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Fig. 2. Planogram of backhoe operation at joint excavation of cutting trench and coal seam of
different thickness (4, 6, 8 m) with dip angle 20°.

Based on the condition of continuous operation with the direction of haul trucks of the
same type (coal hauler) for a full working shift, it is necessary to determine the length of
the excavation block. For excavators with different bucket capacity, the obtained results are
presented in Table 2.

Table 2. Values of block lengths (/x, m) when mining one seam.

. tseamzzm tseamzlom

shift :
backhoe model | output, coal seam dip angle ¢, degrees

m/shift | 56 | 30 | 40 | 50 | 60 | 20 | 30 | 40 | 50 | 60
Llfgf??ific 2300 |98.3|143.7/184.8[220.2249.0/ 19.7 28.7| 37.0 | 44.0 | 49.8
Liebherr R984C | 5300 1141 11206.20265.1316.0[357.2| 28.2 [41.2| 53.0{ 632 | 71.4
(C=7.5m?
Liebherr R994 1 1) 5 1181 71265.60341.51407.01460.1| 36.3 | 53.1| 68.3 | 81.4 | 92.0
(C=10.3 m?)

Analysis of the results shows that it is inexpedient to use a backhoe in all cases under
consideration. For example, when using Liebherr R994 excavator (C = 10.3 m?®) for
working out of low-thickness seams it appears that during one working shift its working
face can move by 410-460 m that will create certain problems, for example, in constant
preparation of the sites for haul trucks turning, road access cleaning, extension of lighting
system and so on. On the contrary, excavators with a small capacity of a bucket, working
out a powerful seam will be able to move its face only on 9-11 m that will increase coal
pollution because of the great number of passages of haul trucks over it for drive up
loading.

Therefore, it makes sense to limit the length of the block. And the length of the block
and the seams dip angle are in direct correlation with each other.

As an example, we take Liebherr R984C excavator (C = 5.2 m? Opackioe = 2300
m?/shift) to further study the work mode.

Let's consider excavation of a complex face, including a cutting trench along the layer,
two coal seams and parting.
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Inltlal data: tseaml = tseam2 = 6 m; tparting = 5 m; VVz‘rench = 18 m; hlayer = 4 m; o = 700; (P =
20°; 30°; 40°; 50°; 60°; 70°; 80°; 90°; block length /p; =3 m.

The final dependence of the mining time of the whole block and the time of mining only
seam from its dip angle is shown in Fig. 3.
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Fig. 3. Dependence of mining time of the whole block by Liebherr R984C backhoe and mining time
of the coal seam only on its dip angle.

4 Conclusions

1. When using one working shift as a unit of time, it is necessary to take into account
the capacity of the excavator bucket in relation to the thickness of the mined seams and
partings.

2. With the known volumes of mining works, including excavation of the cutting trench,
mining of seam (seams) and, if necessary, parting, setting one working shift as the
minimum unit of time, it is possible to establish the required output of excavator and by the
known relationship to choose the necessary model with the required capacity of the bucket.

3. When excavating complex rock-coal blocks with a continuous face (/;; = 3 m) it is
necessary to constantly monitor the supply of haul trucks of different types (rock haul
trucks and coal haul trucks) for loading, which leads to the complexity of the organization
of provision of hauling trucks for excavation machines.
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