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Abstract

The optimization of the shovel-dumper combination is one of the major challenging issues during fleet mining equipment
management. Optimization of shovel-dumper provides aid in increasing the potential capacity of the overall transportation
system. The aim of the present study is to reduce idle time and improve the utilisation of shovel-dumper so that their potential
capacity can be increased in a heterogeneous nature of the surface mine conditions. This is achieved in the present paper by
applying the queuing theory concept in the operation of shovel-dumper. It is observed that the queuing approach (contains
parameters namely waiting time, queue length, shovel utilization, shovel productivity, and other operational properties) helps in
identifying the optimal dispatching decisions of the shovel-dumper combination which in turn improves the potential capacity
of the respective types of equipment. The formulation of an appropriate queuing model has been undertaken in this study and it
has been designed in such a manner so that the best possible combination of shovel-dumper can be achieved for a given surface
mines project. Based on this study, it can be concluded that the queuing model can be used as a tool of performance evaluator and

equipment selector so that the economic viability of a surface mines project can be improved.
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1. Introduction

All over the world the majority of the economic minerals
are mined out by the methods of surface mining due to its
ease of operation and less complexity. The surface mining
project having many advantages over sub surface mines
such as, higher productivity, more safety and flexible in its
operation while adapting new technological changes [1].
Many technological advancements are occurred in the
various types of HEMMs machinery that enhance the
safety and productivity of the surface mines operation [2].
The overall economic of surface mining project largely
depends upon the stripping ratio (nothing but the removal
of material i.e., overburden and mineral) which involves the
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various auxiliary unit of operations such as drilling, blasting,
loading, hauling and dumping [3]. Among all of these unit
operations, hauling and dumping played a significant role
in the transportation system of surface mining project. To
minimize the material handling costs and the maintenance
of haulage roadways cost the optimum selection of haulage-
dumper is very necessary [4]. Therefore, the optimum mode
of transportation and the right combination of equipment
are essential to get optimal results so that the efficient
utilization of haul trucks can be achieved in the surface
mining project [5]. Many studies stated the optimum
combination of shovel and dumper is the best solution for
utilizing the haul road efficiently so the better performance
can be produced [6,7,8].
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Due to lack of fleet management in haul road, the shovel-
dumper combination yet not received optimized results
and many researchers attempted various approaches to
optimize the results of shovel dumper combination. The
queuing model is one of the best possible approaches to
select the optimum combination of shovel dumper for
surface mining project [9]. However, it is quite difficult to
ensure the timely arrival of dumpers to the shovels due to
the impact of uncontrollable factors that persist in surface
mines. The method of dynamic allocation can be used,
in which the dumper, after dumping, is assigned to a free
(or a less busy) shovel, based on the selected dispatching
criterion [10]. This will significantly reduce the idle
time of the cargo-handling equipment and improve its
performance. In this paper, an attempt was made, based on
queuing model approach, for determining the optimum
shovel dumper combination of considered surface mines.

2. Design of Queuing Model

The queuing model formulation requires some stochastic
features and assumption. The model is designed in
accordance with truck arrival pattern, service pattern,
size of truck fleet, queue size and cost of idling to arrival
and service unit are to be made realistic. The arrival rate
of dumper is considered as random which is described
by Poisson’s distribution whereas the service rate of
shovel is considered as exponential distributions in the
proposed queuing model. The queuing theory consists of
various parameters namely waiting time, queue length,
shovel utilization, shovel productivity per hour, and other
properties. In the present case study, the queuing model
(M/M/S) along with finite calling population is considered
to evaluate the performance of fleet equipment deployed.
In queuing model, which is in the form of (M/M/S):
(FIFO/K/K), M/M Poisson arrival and exponential
service distribution whereas the S represent the number
of parallel servers. In the present case study, the only one
operating server is considered. The service operation of
this queuing model is based on first in first out (FIFO). The
size population of dumpers and ultimate queuing capacity
is presented by K/K. Queuing model helps in making
sound decision policy by providing easy means of asset
evaluation when compared to heuristic approach [11]. The
over dumping and under dumping of the system can be
planned in the queuing model by the knowledge of waiting
time in line and system. The fleet management of dumper
(truck) can be performed by removing or adding a dumper
in order to optimize the material transportation. The idle
time of the dumper can be utilized by analyzing time spent
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of dumper in the system so that an optimum combination
of the shovel and dumper can be employed in a considered
site. In the queuing model of (M/M/S):(FIFO/K/K)
some performance parameters need to evaluate for solving
the optimum combination of shovel and dumper. For
the designing the queuing model, following important
performance parameters calculated are as follows:

(a) Traffic intensity (e )

e=—
H (for the single shovel case) here, €<1,
otherwise queue will be going on increasing increasing

(b) Probability of ‘" dumpers in the system (P )

’ n
P = K! [ij P
(K—n)!s!s"" n=1,2, ... k(SSn<K,

where,

&l K! ) & K! AY |7
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(c) Expected number of dumper in the queue, i.e., length
of queue (Lq)—

L=Ym-P

(d) Expected number of dumpers in the system, (L)
L =L + number of trucks being loaded

L = inPn
Or, 7

(e) Most expected value of dumper arrival rate (")

A= Zk:/l(K -n)P. =AK-L)

n=o

(f) Expected time that a dumper spends in the queue (Wg)
L
VVq = 7‘] , where /I(K—Ls)

(g) Expected time that a dumper spends in the system (W)

(h) Shovel utilization (7,)
n,=1-F,

(i) Dumper utilization, (7,)
w

q
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Where, t = loading time, t, is the total travelling time
(loaded dumper travel time + empty dumper travel time),
td is the dumping time and W_is the waiting time of
dumper in queue.

3. Field Data

The formulated queuing model was tested for a surface
mine which is situated at the geographical coordinates
of 14° 8 55.4928” N, 76° 40’ 1.1424” E in the Karnataka
state of India. The mines having a shovel and dumper
combination for loading and hauling the excavated
material. To determine the optimum combination of shovel
and dumper a queuing model approach is performed in
this paper. The shovel capacity of 3.6 cubic meter with
45 tonne per discharge of dumper is considered in the
present study. The aim of proposed model is to provide the
optimum combination of shovel and dumper by reducing
the idle and waiting time of dumper in queue. The data
collected from field is presented in Table 1.

Table 1. The field data observations in shovel-dumper
combination

Parameter Notations Values
1. | Arrival rate A 7 dumper/hr.
2. | Service rate u 14 dumper/hr.
3. | Traffic Intensity e 0.5
4. | Number of shovels S 1

4. Results and Discussion

There are some important queuing parameters need to
find in order to formulate the queuing model for optimum
combination of shovel and dumper. Thus, the important
parameters are evaluated based on the field collected data
(as mentioned in Table 1). The various possible dumper
combination is considered on the calculation of queue
length, waiting time, shovel utilization approximate pro-
duction and on the total operating cost. These parameters
were calculated based on the formulae of queuing model
design (which is mentioned in the section 2 of this paper).
The results of queuing model are shown in Tables 2 and 3.
Table 2 indicates the effect of dumper fleet on the queuing
parameters and the cost of operation per tonne is shown
in Table 3.

Table 3. Effect of dumper fleet on the cost of operation of
shovel and dumper

Dumper (Estlmat‘e 9 Total cost of operation
fleet size Production money unit /ton
Qn tons/hr.
COSt. of COSt. of Total cost
loading hauling
2 307 8.14 6.51 17.10
3 460 543 6.95 13.69
4 614 4.07 7.32 15.96
5 768 3.25 8.07 15.49
6 920 2.71 8.91 17.5
7 1075 2.32 9.48 18.8
8 1228 2.03 10.42 19.66

Table 2. Effect of dumper fleet on the parameters of Queuing model

Queue length Waiting time
Dumper iti ime i iti ime i Shovel utilization (%)
fleet size | Lengthof queue | Length of system | Waiting time in queue Waiting time in 0
Lq (Dumpers) Ls (Dumpers) Wq (Minute) queue Ws (minute)

2 0.2 0.8 0.86 3.42 60.0

3 0.63 1.42 2.70 6.08 78.0

4 1.28 2.19 5.48 9.38 91.5

5 2.11 3.07 9.04 13.15 96.3

6 3.03 4.02 12.98 17.23 98.7

7 4.01 5.00 17.18 21.43 99.6

8 5.00 6.00 21.43 25.72 99.9
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The relation between the number of dumpers and the
length of queue, is presented in Figure 1. By observing the
figure it can be easily concluded that, the relationship is
almost linear and increase in proportion is in the positive
direction.
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Fig.1: Plot between number of dumpers and
length of queue

The relation between number of dumpers and waiting
time in queue is presented in Fig. 2, from which it can be
clearly deducted that, the waiting time increases with the
increase in number of dumpers.
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Fig.3: Plot between number of dumpers and
shovel utilization
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Fig.2: Plot between number of dumpers and

waiting time in queue
The shovel utilization percentage is plotted against the
number of dumpers in Figure 3, from which it is evident
that, the shovel utilization percentage, although, increases
with increase in the number of dumpers, but, after a certain
number, it becomes constant after reaching maximum
utilization capacity.
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Fig.4: Plot between number of dumpers and
total cost of operation

In Fig. 4, the total operating cost and the number of
dumpers is plotted. From that it can be seen that, the cost
of hauling increases with the number of dumpers, whereas,
the cost of loading decreases with number of dumpers. As
shown in Figure 4, the total cost exhibits a null optimum
cost point. This null point is called the optimum point of
shovel-dumper combination. This point must be obtained
in order to calculate the optimum number of dumper with
the specified capacity of shovel.

5. Conclusion

Shovel and dumper are the two most important equipment
used in any surface mines. The optimum combination of
shovel and dumper help in improving the production of
the surface mines. This paper is focused on the queuing
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model approach to reduce idle time and improve the
utilization of shovel-dumper by providing optimum
combination. The queuing approach (contains various
operational parameters) helps in identifying the optimal
dispatching decisions of the shovel-dumper combination
which in turn improves the potential capacity of the shovel.
The queueing model, (M/M/C/*M): (FIFO/K/K), of single
server and finite pattern is used in this paper. The length and
waiting time in que are related to the number of dumpers
in shovel-dumper combination. Therefore, the knowledge
of optimum combination is very much necessary so that
the overall production of shovel can be increased. In the
total cost of shovel-dumper combination the null point
was obtained for the combination of 5 dumpers and 1
shovel. Thus, this point exhibits the optimum combination
of shovel and dumper for the considered site.

6. References

1. Trivedi, Rutwa & Rai, Piyush & Nath, Rajashree. (1999).
Shovel-truck optimization study in an opencast mine
- A queueing approach. Indian Journal of Eng. ¢ Mat.
Sci., CSIR Pub. 6. 153-157.

2. Kappas, George, and Tunce M. Yegulalp. “An
application of closed queueing networks theory in
truck-shovel systems.” International Journal of Surface
Mining, Reclamation and Environment 5.1 (1991):
45-51.

3. Mohammadi, Mousa, Piyush Rai, and Suprakash
Gupta. “Performance measurement of mining

Vol 70 (9A) | September 2022 | http://www.informaticsjournals.com/index.php/jmmf

10.

equipment” International Journal of Emerging
Technology and Advanced Engineering 5.7 (2015):
240-248.

Sone, Shailesh Kumar. Performance Evaluation of
Surface Mining Equipment with Particular Reference
to Shovel-Dumper Mining. Diss. 2016.

Czaplicki, Jacek M. Shovel-Truck Systems: Modelling,
Analysis and Calculations. CRC Press, 2008.

Sharma, Ajay Kumar, and Girish Kumar Sharma.
“Queueing Theory Approach with queueing model:
a study” International Journal of Engineering Science
Invention 2.2 (2013): 1-11.

Terekhov, Daria, et al. “Integrating queueing theory
and scheduling for dynamic scheduling problems.
Journal of Artificial Intelligence Research 50 (2014):
535-572.

Strang, Kenneth David. “Importance of verifying
queue model assumptions before planning with
simulation software.” European Journal of Operational
Research 218.2 (2012): 493-504.

Dymasius, A., R. Wangsaputra, and B. P. Iskandar.
“Analysis of maintenance service contracts for dump
trucks used in mining industry with simulation
approach” IOP Conference Series: Materials Science
and Engineering. Vol. 114. No. 1. IOP Publishing, 2016.

Strang, Kenneth D. “Transportation Queue Action
Research at an Australian Titanium Dioxide Mining
Refinery” The Palgrave Handbook of Research Design
in Business and Management. Palgrave Macmillan,
New York, 2015. 393-410.

Journal of Mines, Metals and Fuels | 5



