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 Transportation of materials is the most cost-intensive component in open-pit 
mining operations. The aim of the allocation models is to manage and optimize 
transportation activities, leading to reduced wasted time, and ultimately, increasing 
profitability while reducing operational costs. Given that the implementation of 
allocation models is one of the essential requirements in Iranian mining operations, 
this research work focuses on the transportation system in the Sungun copper mine, 
one of the largest mines in Iran, and highlights the challenges faced by the fixed 
allocation approach. The aim is to develop and implement a mathematical model to 
evaluate its performance, and suggest improvements. The allocation model attempts 
to optimize truck capacity utilization and maximize mining production. 
Implementing the model in the mine results in a 13.42% increase in total production 
compared to the conventional method, with a cost increase of 14.7%. The model 
shows the potential to meet operational and technical constraints to achieve optimal 
production. Overall, the developed model, with optimized management and 
improved fleet efficiency, outperforms the traditional haulage method in the mine. 
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1. Introduction  

Open-pit mining activities have been widely 
acknowledged as essential elements in the global 
mineral extraction sector. These large-scale mining 
operations involve the excavation of vast quantities 
of minerals or ore from open-pit mines. One of the 
key challenges faced by mining companies in 
open-pit operations is the efficient allocation of 
trucks for transporting materials within the mine 
site. The truck allocation problem in open-pit 
mines has garnered significant attention from 
researchers and industry professionals due to its 
direct impact on operational efficiency, 
productivity, and cost-effectiveness. Efficient 
truck allocation plays a vital role in maximizing the 
overall productivity of open-pit mining operations 
by ensuring a continuous flow of materials from 
loading points to processing or stockpiling areas. 
Therefore, understanding the complexities and 
nuances of the truck allocation problem in open-pit 
mines is crucial for mining companies to make 
informed decisions, optimize resource allocation, 

improve operational efficiency, and ultimately, 
enhance the profitability of their mining 
operations. The complexity of this problem arises 
from various factors including the dynamic nature 
of the mining environment, the diverse 
characteristics of the materials being transported, 
varying distances between loading and dumping 
points, and the limited availability of trucks and 
resources. In the recent years, significant 
advancements have been made in developing 
mathematical models to address the truck 
allocation problem in open-pit mines. In other 
words, determining the appropriate destination for 
haul dump trucks is done through operational 
research techniques (Figure 1). These 
advancements aim to optimize the allocation of 
trucks, maximize total mine production, minimize 
transportation costs, reduce idle time, and enhance 
the overall productivity of the mining operations. 
This paper develops a mathematical optimization 
model for the truck allocation problem in open-pit 
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mines. The primary objective is to provide an 
optimization technique that has been proposed to 
tackle this challenging problem. Considering that 
allocation models are not currently employed in 
Iran's mines, the contribution of this study lies in 
the implementation of a developed allocation 
model in a specific case study, located in Iran. The 
aim is to investigate and evaluate the effectiveness 
of these models in improving operational 
efficiency in the context of Iran's mines. This 
research work encompasses the mathematical 
model and operational strategy employed in the 
real-world mining scenario. The model takes into 
account the key factors influencing truck allocation 
decisions such as haulage distance, equipment 

capacities, stripping ratio, truck availability, 
production targets, and all operational constraints. 

In the subsequent sections of this paper, the 
literature review of the haul truck allocation 
models is delved. The advantages, weaknesses, and 
applicability of the developed models are analyzed 
in mining operations. Next, the detail of the 
proposed model formulation is presented, and its 
strengths are stated. Then the model is 
implemented in a real-world case study to evaluate 
the performance of the model in the efficiency of 
the loading and hauling system, and the numerical 
results are presented and discussed. Finally, a 
summary of the key findings and recommendations 
for future research directions to further advance 
this critical area of study is concluded. 

 
Figure 1. Using operations research techniques in truck allocation problem. 

2. Literature Survey 

Truck allocation holds great importance in the 
functioning of open-pit mines, as it aims to 
optimize the transportation of materials from 
extraction sites to specific areas within the mine. 
The effective allocation of trucks plays a crucial 
role in reducing operational expenses, maximizing 
productivity, and ensuring the overall success of 
mining operations. Generally, by strategically 
assigning trucks and optimizing their movements, 
open-pit mines can enhance productivity, minimize 
waiting times, reduce fuel consumption, and 
ultimately, increase the profitability and 
sustainability of mining operations. Various 
research studies and methodologies have been 
employed to address the challenges and 
complexities associated with truck allocation in 
open-pit mines. One prominent area of research in 

this field focuses on developing mathematical 
models and optimization algorithms to determine 
the optimal number of trucks required, their 
capacities, and the most efficient routes for 
material transportation. These models consider 
factors such as haul distances, equipment 
capacities, fleet cycle times, road conditions, and 
traffic congestion in the operational constraints. 
The researchers have employed various 
optimization techniques including linear 
programming, mixed-integer programming, 
stochastic programming, etc. to solve these 
complex allocation problems. The researchers have 
proposed different objective functions to these 
models such as minimizing the total travel distance, 
minimizing the waiting time at loading and 
unloading points or maximizing the total material 
transported within a given time frame. Gamache et 
al. [1] suggest a comprehensive linear 
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programming model that aimed to optimize the 
schedule for truck allocation throughout a work 
shift, taking into account long-term mine 
production planning. Mena et al. [2] utilize the 
framework to assign trucks to specific routes based 
on their operational performance within a truck-
shovel system in an open-pit mine. This allocation 
aims to optimize the fleet's overall productivity and 
maximize efficiency. Ta et al. [3] formulate a 
chance-constraint truck allocation model that can 
accommodate uncertain parameters such as 
truckload and cycle time. Eivazy and Askari-Nasab 
[4] create an optimization model for short-term 
production scheduling in open-pit mines. The 
proposed multi-destination mixed-integer linear 
programming model aims to minimize the total 
cost of mining operations, which includes expenses 
related to mining, processing, haulage, rehandling, 
and rehabilitation. Chang et al. [5] utilize a mixed-
integer linear programming model to effectively 
address the truck fleet management problem. The 
model aimed to maximize the total transport 
revenue generated by all trucks within the 
scheduling horizon, while also taking into 
consideration the probability of shovels being idle. 
Torkamani and Askari-Nasab [6] introduce a 
mixed-integer linear programming model to handle 
the allocation decisions for shovels and trucks in 
open-pit mines. The primary goal of the model is to 
minimize the costs associated with truck trips from 
loading points to various destinations. Bajany et al. 
[7] introduce an optimization model aimed at 
minimizing the fuel consumption of dump trucks 
and shovels for under-trucked open-pit mines. The 
model ensures that the handling demands of dump 
sites are effectively fulfilled. Perez et al. [8] focus 
on optimizing operational efficiency in blasting 
operations at open-pit mine sites. A framework is 
introduced that utilizes mathematical programming 
to minimize truck allocation costs associated with 
hazardous materials. Manríquez et al. [9] develop 
an MILP optimization approach to formulate the 
fleet allocation problem. This approach considered 
mining sequencing constraints as well as the time 
and cost involved in moving between phases of 
each shovel. By optimizing multiple hierarchical 
objectives, the model generated a short-term 
production schedule for open-pit mines, enabling 
crucial decision-making regarding the allocation of 
trucks and shovels to mining faces. 

Moniri-Morad et al. [10] examine the problem of 
allocating trucks by employing a simulation-based 
optimization method. This method is designed to 
optimize truck assignments, while taking into 
account uncertainties that arise during fleet 

operations. Liu and Chai [11] presents a mixed-
integer linear programming model that focuses on 
minimizing the consumption of transport energy, 
which varies over time.  Benlaajili et al. [12] 
introduce a model for assigning trucks and shovels, 
which serves as the initial phase of a mining fleet 
management system focused on production 
optimization and allocation planning. The 
development of this model occurs in two primary 
stages. The first stage involves modeling the 
allocation of shovels as a vehicle routing problem. 
In the second stage, a mixed-integer linear 
programming model is proposed to determine the 
optimal number of trips necessary for transporting 
specific amounts of ore from loading points to 
dumping sites. Bakhtavar and Mahmoudi [13] 
propose an approach called scenario-based robust 
optimization to address the truck-shovel allocation. 
This approach involves two distinct phases. In the 
first phase, the uncertainties related to shovel 
output and crusher capacity are considered. In the 
second phase, the uncertainties associated with the 
number of available trucks are included in the 
model. Shahand and Rehman [14] present a mixed-
integer linear programming model for allocating 
trucks and shovels to mining faces in a cement 
quarry. The objective is to minimize the operating 
costs of the trucks and shovels, while adhering to 
quantity and quality constraints. Mohtasham et al. 
[15] suggest a chance-constraint goal programming 
model that is capable of managing the necessary 
amount and quality of materials needed to fulfill 
the objectives of the mine's short-term production 
schedule with complete assurance at all confidence 
levels of loaders' production. Isnafitri et al. [16] 
formulate an optimization model to determine the 
allocation of trucks in open pit mining. The 
objective of the model is to minimize the total cost, 
which encompasses both investment and 
transportation costs. De Melo [17] optimizes the 
allocation of trucks with the aim of enhancing 
production, minimizing queue time, and 
maintaining ore grades within the specified limits. 
Upadhyay et al. [18] introduce a model for short-
term production scheduling. This model efficiently 
allocates shovels within continuous time frames, 
effectively managing the size and complexity of 
the model. These studies collectively emphasize 
the significance of incorporating various factors 
such as equipment performance, operational costs, 
and practical limitations when scheduling fleet 
allocation. Mohtasham et al. [19] address the truck 
allocation problem using a mixed-integer linear 
goal programming model. The model focuses on 
achieving four primary objectives: (1) maximizing 
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production, (2) minimizing variations in head 
grade, (3) minimizing variations in tonnage 
delivered to crushers, and (4) minimizing fuel 
consumption of mining trucks. Additionally, this 
study investigates how the prioritization of these 
objectives can impact the outcomes and efficiency 
of the mining operation. Mirzaei Nasirabad et al. 
[20] introduce an integer linear programming 
model designed to allocate trucks within a truck-
shovel system in an open-pit mine based on their 
operating performances. The primary objective of 
this research work is to minimize the overall 
operating cost of the trucks. Wang et al. present 
a multi-objective optimization algorithm for 
truck scheduling, considering queuing time, 
productivity, and financial cost. The algorithm 
explores the solution space using truck speed 
and payload as variables. A smart scheduling 
application is developed to aid users in 
selecting suitable plans, providing flexible 
options for managers [21]. Ghasempour-Anaraki 
and Moradi-Afrapoli present a bi-objective 
mathematical model that integrates the reduction of 
carbon emissions into the optimization model for 
fleet allocation decisions. The model also takes into 
account various factors that could affect truck 
allocation decisions including fleet size, truck 
velocity, truck age groups, and more [22]. 

The limitations of the proposed models arise 
from the failure to address specific concerns in 
production operations and disregarding certain 
constraints. As a result, the solutions derived from 
these models do not accurately determine the 
optimal rates for each route. The following are 
some important existing limitations that can be 
outlined: 

 Neglecting the number of each truck type 

 Ignoring the amount of material available at 
loading points 

 Neglecting the required tonnage of the processing 
plants and crusher capacity throughout the shift 

 Disregarding the cycle time of the fleet 

 Neglecting the minimum capacity of shovels 

Although shortcomings exist in the modeling of 
allocation models, allocation models are widely 
used in most large mines around the world. 
Considering the similarity of many parameters in 
large mines in Iran to those in large mines globally, 
the implementation of these models is strongly felt 
in the mines of the country. Therefore, the 
contribution of this study is the implementation of 
an allocation model in one of the large mines in 
Iran, the Sungun copper mine, and the evaluation 
of its performance and efficiency in optimizing the 
transportation system's productivity. The model 
attempts to overcome the existing limitations and 
challenges. Moreover, the proposed 
mathematical model has not exactly been used 
with the defined objective function and 
constraints in the previous studies. In the 
following, the research work delves into the 
examination of the model formulation and presents 
the objective function along with the constraints.  

3. Model Formulation  

The developed model is a mixed-integer linear 
programming model with variables, parameters, 
constraints, and an objective function that 
collectively describes the allocation problem and 
guides the analysis. The abbreviations used in the 
developed allocation model are shown in Table 1. 
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Table 1. The notation used in the mathematical model. 
Set Defination 

i Unloading points 
j Loading points 
h Truck types  

Parameters Defination 

T 

Duration of the planning (hours) 
Number of loading points 
All types of trucks 
The number of discharge points 
Number of unloading points 
Amount of ore available at loading point j (Kiloton) 
Amount of waste available at loading point j (Kiloton) 
Grade of the ore material at loading point j (%) 

n 

Number of loading points 
All types of trucks 
The number of discharge points 
Number of unloading points 
Amount of ore available at loading point j (Kiloton) 
Amount of waste available at loading point j (Kiloton) 
Grade of the ore material at loading point j (%) 

H All types of trucks 
m The number of unloading points 
m୰ The number of waste dumping points 
O୨ Amount of ore available at loading point j (Kiloton) 
W୨ Amount of waste available at loading point j (Kiloton) 
b୨ Grade of the ore material at loading point j (%) 
ܴ௠௔௫ The upper acceptable grade limit for the processing plant 
ܴ௠௜௡  The lower acceptable grade limit for the processing plant 
Ku୧ The upper limit of production required at unloading point i (kiloton) 
Kl୧ The lower limit of production required at unloading point i (kiloton) 
d୧୨ Distance from shovel j to unloading point i (kilometer) 
c୦ The capacity of truck types h (kiloton) 
N୦ The number of truck types h 
G୧୨୦ Cycle time of truck type h from loading point j to unloading point i (seconds) 
ρu୧ The maximum amount of extraction for shovel in loading point j (Kiloton) 
ρl୧ The minimum amount of extraction for shovels in loading point j (Kiloton) 
Nା Positive integers 

Decision variables Defination 

X୧୨୦ The total number of full trips of truck type h from loading point j to unloading point i 
Y୧୨୦ The total number of empty trips of truck type h from unloading point i to loading point j 

 
The objective function and the constraints are 

defined as follows: 

Maximize Jଶ =  

෍ ෍ ෍(
୬

୨ୀଵ

୫

୧ୀଵ

ୌ

୦ୀଵ

X୧୨
୦ ∗  c୦ + Y୧୨

୦c୦) 
(1) 

The objective function  Jଶ (1) attempts to 
maximize the total production of the mine by 
increasing the truck trips from the shovel to the 
unloading point and that of the return trip. 

∑ ∑ c୦୬
୨ୀଵ X୧୨

୦ୌ
୦ୀଵ  ≤  Ku୧ for i = 1, …, m (2) 

∑ ∑ c୦୬
୨ୀଵ X୧୨

୦ୌ
୦ୀଵ  ≥  Kl୧  for i = 1, …, m (3) 

The unloading points, especially the crusher have 
specific capacities. If the amount of material 
delivered is below the minimum crusher capacity, 
it will result in decreased plant efficiency. 
Conversely, if the unloading points are overloaded 
beyond their capacity, it will cause queues at the 
crushers and waste dumps, as well as additional 
costs due to material rehandling and reloading. The 
constraint related to the upper and lower limits of 
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the unloading points' capacity is considered 
according to Equations 2 and 3, respectively. 

∑ ∑ c୦୫
୧ୀ୫౨ାଵ X୧୨

୦  ≤  O୨
ୌ
୦ୀଵ   for j = 1, …, n (4) 

∑ ∑ c୦୫౨
୧ୀଵ X୧୨

୦  ≤  W୨
ୌ
୦ୀଵ   for j = 1, …, n (5) 

Each loading point has a specific amount of ore 
and waste material. Constraints 4 and 5 ensure that 
the amount of ore and waste transported by trucks 
should not exceed the amount of material available 
at the loading points. 

∑ ∑ ୠౠ
౤
ౠసభ ଡ଼౟ౠ

౞ୡ౞ౄ
౞సభ

∑ ∑ ଡ଼౟ౠ
౞ୡ౞౤

ౠసభ
ౄ
౞సభ

≤  ܴ௠௔௫ for i = m୰ + 1, …, m (6) 

∑ ∑ ୠౠ
౤
ౠసభ ଡ଼౟ౠ

౞ୡ౞ౄ
౞సభ

∑ ∑ ଡ଼౟ౠ
౞ୡ౞౤

ౠసభ
ౄ
౞సభ

≥ ܴ௠௜௡  for i = m୰ + 1, …, m (7) 

Each processing plant has a maximum efficiency 
within a specific grade range. Typically, the 
required mineral for the plant is not transported 
from a mining face, but rather obtained by blending 
from several mining faces to achieve the desired 
grade. The upper and lower acceptable limits for 
the plant are expressed by Equations 6 and 7, 
respectively. 

∑ ∑ c୦୫
୧ୀଵ X୧୨

୦  ≥  ρl୨
ୌ
୦ୀଵ   for j = 1, …, n (8) 

∑ ∑ c୦୫
୧ୀଵ X୧୨

୦  ≤  ρu୨
ୌ
୦ୀଵ  for j = 1, …, n (9) 

The maximum extraction amount is limited by 
the maximum capacity of the shovels. Also the 
extraction quantity for each shovel must align with 
the mine planning. The minimum and maximum 
amount of extraction for shovels are restricted by 
Equations 8 and 9, respectively. 

෍ ෍ G୧୨
୦X୧୨

୦c୦  ≤ 3600 ∗ T ∗ N୦ ∗  c୦
୬

୨ୀଵ

୫

୧ୀଵ

   

for h = 1, …, H 

(10) 

To ensure the accuracy of the truck flow rate on 
each route, it is necessary to determine the quantity 
of trucks available. This requirement guarantees 
that the overall operational time of the trucks 
remains within the intended shift duration. 
Equation 10 represents this constraint. The cycle 
time of a truck encompasses various stages such as 
waiting time for loading, loading time, 
maneuvering time for loading and unloading, 
loaded travel time, waiting time for unloading, 
unloading time, and empty travel time. 

∑ X୧୨
୦୬

୨ୀଵ =  ∑ Y୧୨
୦୬

୨ୀଵ    

for i = 1, …, m & h = 1, …, H 
(11) 

∑ X୧୨
୦୫

୧ୀଵ =  ∑ Y୧୨
୦୫

୧ୀଵ   

for j = 1, …, n & h = 1, …, H 
(12) 

Equations (11) and (12) are implemented to 
ensure a balance in the flow rate of each truck type 
at every service point within the mine including 
loading and dumping points. 

X୧୨
୦ ∈ Nା, Y୧୨

୦ ∈ Nା (13) 

Equation 13 states that the decision variables are 
positive integers. 

4. Model Implementation in Sungun Copper 
Mine 

The Sungun copper mine is located in northwestern 
Iran, in East Azerbaijan Province. It is situated 
approximately 130 kilometers northeast of Tabriz, 75 
kilometers northwest of Ahar, and 30 kilometers 
north of Varzaqan. The mine is in proximity to the 
neighboring Republics of Azerbaijan and Armenia. In 
the mine, the loading system is typically carried out 
by loaders and excavators, and the transportation is 
done by dump trucks with capacities of 30, 55, 60, 
100, and 135 tons. The specifications of the available 
trucks are mentioned in Table 2. The unloading points 
generally include crushers, waste dumps, oxide 
dumps, low-grade material dumps, and mineral 
stockpiles. The required data and information for 
optimizing the transportation system are collected 
through direct measurements and the mine support 
office. The necessary data consists of two parts: 
operational data including fleet cycle time, loader 
capacity, crushers' capacity, etc., collected directly; 
and planning-related data including ore grade and 
stripping ratio, collected by the mine's support office. 
Data related to the cycle time of loaders and trucks 
has been collected through recording the waiting time 
for loading, loading time, empty travel time, loaded 
travel time, waiting time for unloading, and unloading 
time of trucks during a complete shift. The cycle time 
of trucks from various loading points to the dumping 
locations has been collected using a chronometer. 
Additionally, the actual hourly capacity of the crusher 
has been determined by recording its capacity over 
the course of two full shifts. During the shift under 
consideration, oxide and low-grade materials are 
absent. In this shift, there are 14 loading points, 
consisting of 9 waste loading points and 5 ore loading 
points. The operational specifications of the loading 
points are stated in Table 3. 
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Table 2. The specifications of the available trucks in the desired shift. 
Truck type (ton) Model Practical payload capacity Total number 

30 (5) Komatsu HD-325 24 6 
55 (4) BelAZ-7555B 44 6 
60 (3) Komatsu HD-605 48 11 
100 (2) Komatsu HD-785 80 32 
135 (1) BelAZ-75131 105 2 

 
Table 3. The operational specifications of the loading points in the desired shift. 

Loading 
point 

Bench 
level 

Type of 
material Loader model 

Maximum 
production 
bound (ton) 

Minimum 
production bound 

(ton) 

Grade 
(%) 

1 2275 Waste Komatsu-PC 2000 10000 5000 - 
2 2237.5 Waste Komatsu- PC 1250 7700 3800 - 
3 1900 Ore Komatsu- PC 1250 7700 2800 0.75 
4 2150 Ore Komatsu- PC 1250 7700 1350 0.42 
5 2187.5 Waste Komatsu- PC 850 7000 3500 - 
6 2187.5 Waste Komatsu- PC 850 6600 3300 - 
7 2250 Waste Komatsu- PC 800 3000 1500 - 
8 1937.5 Ore Komatsu- PC 850 7000 2700 0.9 
9 2000 Ore Komatsu- PC 850 7000 2300 0.51 

10 2012.5 Ore Komatsu- PC 800 7000 3600 0.42 
11 2250 Waste Komatsu- WA 800 8400 4200 - 
12 2287.5 Waste Komatsu- PC 850 7000 3500 - 
13 2200 Waste Komatsu- WA 700 7700 3800 - 
14 2250 Waste Komatsu- PC 1250 7700 3800 - 

 
In the Sungun copper mine, there is an oxide 

dump and a crusher. Waste materials are 
transported to the waste dump, low-grade and 
oxide materials are transported to the oxide dump, 
and ore materials are transported to the crusher. 
The minimum and maximum capacity of the 
crusher are 14,000 and 12,500 tons, respectively. 
The minimum, maximum, and desired quality of 
the ore material in the crusher for the considered 
shift are 0.60, 0.62, and 0.61, respectively. The 
processing plant consists of two phases with the 
same capacities. The minimum capacity of the 
plant is 1,600 tons per hour, and the maximum 
capacity is 2,000 tons per hour. The stripping ratio 
for the specified shift is a minimum of 2.5 and a 
maximum of 3.5. The implemented allocation 
strategy in the mine is of the fixed allocation type. 
In this shift, a total of 49,476 tons of material 
(36,516 tons of waste and 12,960 tons of mineral) 
have been produced with a total cost of 2,162,360 

rials. Generally, in this shift, a minimum of 12,500 
tons of ore material and 32,500 tons of waste 
material must be extracted based on the mine 
schedule. It is worth mentioning that these data 
were collected in 2019. 

The proposed model was solved using IBM 
ILOG CPLEX Optimization version 12.6 on a 
laptop computer equipped with an Intel i7 CPU and 
12GB of RAM. Based on the actual data from a 
shift in the mine, the developed mathematical 
model was implemented. The model was solved by 
CPLEX in under a minute, achieving an optimal 
solution with a zero percent gap. Table 4 illustrates 
the delivered production of materials based on the 
presented allocation model for the desired shift at 
the Sungun copper mine. Also the number of 
loaded and empty truck trips based on the 
developed allocation model for the desired shift are 
presented in Tables 5 and 6, respectively. 

Table 4. The amount of the transported materials using the developed allocation model in the considered shift. 
Type of material  Production (ton)  Transportation cost (Rial)  

Waste   42121  
2,481,750,000  Ore  13998  

Total   56119  
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Table 5. The number of loaded truck trips from loading points to dumping sites in the desired shift. 
Dumping point 1 

Loading point 1 2 5 6 7 11 12 13 14 
Truck type 1 2 3 2 4 1 2 4 2 3 5 3 4 8 1 2 3 4 2 2 4 2 4 
Trips number 23 52 1 47 1 1 42 1 40 1 3 1 2 57 1 27 124 4 44 47 1 95 1 
Dumping point 2 
Loading point 3 4 8 9 10 
Truck type 4 5 1 2 3 4 2 3 4 5 3 4 5 3 
Trips number 42 85 2 15 1 1 7 3 41 8 21 29 1 75 

 
Table 6. The number of empty truck trips from dumping sites to loading points in the desired shift. 

Dumping point 1 
Loading point 1 2 3 4 5 6 7 9 10 11 12 13 14 
Truck type 1 2 3 2 4 5 1 2 2 2 3 3 4 5 4 2 4 1 2 3 2 2 2 
Trips number 23 52 1 47 1 3 1 15 42 40 1 1 2 57 1 22 1 1 27 124 44 47 73 
Dumping point 2 
Loading point 3 4 5 6 8 9 10 11 13 14 
Truck type 4 5 1 3 4 1 4 5 3 4 5 3 4 5 3 4 4 2 4 
Trips number 42 82 1 1 1 1 1 3 3 34 8 21 29 1 75 4 1 22 1 
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5. Result and Discussion  

The objective of the allocation model is to 
maximize the utilization of all available trucks' 
capacities to increase mining production. In this 
model, the objective is to increase the total mine 
production, without any consideration for the cost 

of material transportation. As shown in Figure 2, 
the total production increases by 13.42% compared 
to the traditional method (mine's strategy), while 
costs increase by 14.7%. In conclusion, the 
developed allocation model satisfies all constraints 
and effectively reduces fleet wasting time, leading 
to an increase in mining production. 

 

 
Figure 2. Performance comparison of allocation model and mine's strategy. 

6. Conclusions 

The truck allocation in open-pit mines is a critical 
aspect of efficient operations. Through the 
utilization of advanced techniques such as 
operational research, the task of determining 
appropriate destinations for trucks is optimized. 
These techniques take into account various factors 
such as distance, payload capacity, traffic 
congestion, and operational constraints to make 
informed decisions. By effectively allocating 
trucks to their destinations, open-pit mines can 
enhance productivity, minimize transportation 
costs, and streamline overall operations. In fact, the 
use of these approaches and continuous 
improvement in truck allocation processes can 
further optimize the efficiency and effectiveness of 
mining operations in open-pit mines. With a closer 
look at the realities of transportation systems in 
Iranian mines and a more detailed study and 
observation of two or three major mines in our 
country, it will be found that the transportation 
system in these mines follows a fixed allocation 
approach that faces numerous challenges. 
Addressing these challenges is essential and 
requires the implementation of allocation models in 

the country. Therefore,  the aim of this research 
work is to develop and implement an optimized 
mathematical model for evaluating the 
performance of the model in one of the major mines 
in Iran, the Sungun copper mine, and provide 
insights into potential improvements in the 
transportation system of the mine. The objective of 
the allocation model is to optimize the utilization 
of the available truck capacities in order to enhance 
mining production to its maximum potential. 
Implementation of the model in the Sungun copper 
mine shows that the total production experiences a 
13.42% increase when compared to the 
conventional method (mine's strategy), 
accompanied by a cost increase of 14.7%. The 
results indicate that the model has a good potential 
to fulfill operational and technical constraints to 
achieve desirable and optimal production. In 
summary, the developed model with optimized 
management, leading to increased fleet efficiency, 
demonstrates better performance compared to the 
traditional haulage method in the Sungun copper 
mine. Future work could expand the model by 
incorporating additional objectives and constraints 
such as the age of trucks, fleet availability, etc. in 
mining operations. Also, the model could be 
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expanded for shovel allocation problems in the 
mining operation. 
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  چکیده:
ونقل  هاي موجود در بخش حملسازي فعالیتهاي تخصیص، مدیریت و بهینهکاري روباز است. هدف مدلترین بخش در عملیات معدننقل مواد پرهزینهوحمل

ت که منجر به کاهش زمان ودآوري و کاهش هزینهاسـ ده و در نهایت افزایش سـ ود.هاي عملیاتی میهاي تلف شـ ازي مدلبا توجه به اینکه پیاده شـ یص  سـ هاي تخصـ
ترین معادن ایران، تمرکز دارد نقل معدن مس سـونگون، یکی از بزرگو، این پژوهش بر سـیسـتم حملیکی از نیازهاي اسـاسـی در عملیات معدنی ایران اسـتکامیون  

سـازي یک مدل ریاضـی براي بررسـی و ارزیابی عملکرد آن این مطالعه، توسـعه و پیادههدف   .کندهایی که در روش تخصـیص ثابت وجود دارد را برجسـته میچالشو 
ت. عی می و راهکارهاي بهبود عملیات اسـ یص سـ اند. پیادهکند تا از ظرفیت بهینه کامیونمدل تخصـ تفاده کند و تولید معدن را به حداکثر برسـ ازي مدل در ها اسـ سـ

هاي عملیاتی نسـبت به روش معمولی (تخصـیص ثابت)  درصـدي در هزینه  7/14درصـدي در تولید کل معدن و افزایش    42/13  معدن مورد مطالعه، منجر به افزایش
یافته، با مدیریت  به طور کلی، مدل توسـعه دارد.یابی به تولید بهینه براي دسـتهاي عملیاتی و فنی  شـود. این مدل پتانسـیل خوبی براي برآورده کردن محدودیتمی

 .کندنقل سنتی در معدن بهتر عمل میوبهینه و بهبود کارآیی ناوگان، از روش حمل

  وري.سازي، کارآیی عملیاتی، بهرهکاري روباز، تخصیص کامیون، بهینهمعدن کلمات کلیدي:

 
 
 

 


