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Abstract—The article discusses approaches to assessing the effectiveness of 

the use of heavy vehicles on the example of equipment for the transportation of 

bulk cargo. The modernization of the existing methods for assessing the effec-

tiveness of its application and the choice of specific operating conditions in the 

presence of uncertainties and existing restrictions in the environment is pro-

posed, a methodological approach to solving this problem based on the classical 

theory of linear programming is proposed. As a result, within the framework of 

the indicated practical problem, the range of optimal solutions for the value of 

the load-carrying capacity utilization factor has been determined. The moderni-

zation of the existing methods for assessing vehicles based on determining the 

efficiency of their operation, thus, can be recommended for use by the engineer-

ing and technical personnel of motor transport enterprises. 

Keywords—heavy-duty vehicles, load-carrying capacity utilization factor, op-

erating costs, competitiveness assessment 

1 Introduction 

In nowadays the issues of optimizing the costs of enterprises of all forms of owner-

ship and types of economic activity have been and continue to be a priority. This is 

especially true for organizations in the construction and mining industries, because the 

constant rise in prices for building materials, metals, fuels and lubricants and spare parts 

puts many transport enterprises or divisions on the brink of profitability of transporta-

tion. Intense competition in the market for organizing the transportation of goods both 

from new specialized firms - market participants, and from the point of view of the 

implementation of new mechanisms for organizing business - long-term lease of 

transport, outsourcing and short-term lease, makes the owners look for more and more 

new ways to optimize economic activities. It is obvious that the issues of choosing a 

truck and assessing at the selection stage are the way and foundation for solving such a 

problem, since they largely determine the values of future operating costs at all stages 

of the life cycle. At the same time, the problem posed, on the one hand, is sufficiently 
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researched and solved [1-3], on the other hand, the existing uncertainty in terms of both 

the current operating environment conditions and possible changes in the current legis-

lation in the field of heavy-duty transport and fiscal restrictions operation, raises many 

questions about its solution in the modern world.  

The article considers the methodology that connects the existing scientific and meth-

odological approaches to the assessment of trucks with the criterion for assessing the 

effectiveness of their use introduced by the authors - the dependence of productivity on 

the value of the payload utilization factor (PUF) in the conditions of existing restrictions 

on public roads operation.  

2 Materials and methods 

The existing methods for assessing the efficiency of using vehicles, as a rule, are 

reduced to a static assessment of the main technical and economic indicators and rela-

tively simple methods of converting these single indicators into an integrated complex 

assessment. The disadvantage of these approaches lies in linking the solution of the 

problem of choosing rolling stock to the assessment of equipment at the time of delivery 

without taking into account the inevitable change in its characteristics and performance 

indicators during operation and the absence of an assessment of the efficiency of its 

use. In the work devoted to the issue of assessing the competitiveness of passenger 

vehicles [4], based on the elaboration of methods for assessing vehicles [5-8], devel-

oped a differential method for multi-criteria assessment of vehicles, applicable for use 

in the current uncertainty of environmental conditions. 

3 Experimental 

From the choosing a truck for commercial use in an organization point of view of, it 

is necessary to assess the compliance of its main technical characteristics with the re-

quirements put forward [9-11]. Next, it is necessary to calculate the ratio of the “bene-

ficial effect from operation” to the costs of achieving it over the entire life cycle of the 

truck's operation within the framework of the economic activity of a particular operator 

[12-14]. Thus, using an integral assessment of the vehicle usage efficiency, it is the 

above condition that determines the assessment of the level of competitiveness of the 

vehicles under study (1): 

 РΣ / ЗΣ → max (1) 

Vehicle usage efficiency, where РΣ is the beneficial effect of operating throughout 

the entire life cycle at the enterprise and ЗΣ is the total cost of achieving a useful effect 

throughout the entire life cycle shows that the most preferable will be the vehicle where 

this indicator will be greatest.  

Also, this ratio can be designated as an integral indicator of product quality in terms 

of technical and economic indicators - κTOP: 

 κTOP= РΣ / ЗΣ  (2) 
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The value of the beneficial effect from operation in terms of transportation of bulk 

cargo can be determined knowing the performance of trucks (3): 

 𝑊 =  
𝑇𝑁· 𝛽 ·𝑉𝑇·𝑙𝑟𝑙 ·𝑞· 𝛾𝑑

𝑙𝑟𝑙+𝑡𝑙−𝑢·𝛽·𝑉𝑚
 , (3) 

where ТN is the time in the outfit, h; β is the utilization factor of the mileage; VT is 

average technical speed, km/h; lrl is the length of the ride with the load, km; tl-u is idle 

time for loading and unloading, h. 

Thus, the multicriteria optimization problem when choosing a rolling stock model 

from the point of view of assessing the efficiency of its use is reduced to determining 

the optimal solution from the condition that the selected model meets the following 

criteria: 

1. The minimum unit operating costs, taking into account the period of the planned use 

at the enterprise; 

2. Maximum performance during the planned period of operation. 

At the same time, the limitation is the need to minimize potential harm to the cover-

age of the road network, taking into account current and future legislative or other reg-

ulatory restrictions. To solve this problem, it is possible to use the linear programming 

method considering three efficiency criteria (4) and constraints (5): 

 𝐾1 = 𝑎11𝑥1 + 𝑎21𝑥2 + 𝑎31𝑥3 → 𝑚𝑎𝑥,  

 𝐾2 = 𝑎12𝑥1 + 𝑎22𝑥2 + 𝑎32𝑥3 → 𝑚𝑖𝑛, (4) 

 𝐾3 = 𝑎13𝑥1 + 𝑎23𝑥2 + 𝑎33𝑥4 → 𝑚𝑖𝑛,  

 𝑥1 + 𝑥2 + 𝑥3 = 𝑁 ,  

 𝑥𝑖 = {
𝑁, 𝑖 = 𝑗
𝑂, 𝑖 ≠ 𝑗

 . (5) 

4 Results and discussion 

For the final assessment of the economic efficiency of the proposed methodology 

for the multicriteria assessment of the indicators of the use of the work of trucks, we 

will consider the system of equations for the change in specific indicators depending 

on the change in the value of the PUF. 

 {

𝑝𝑡𝑟𝑓(𝛾с) → max  
𝑠𝑡𝑟𝑓(𝛾с) → min  

и𝑡𝑟𝑓(𝛾с) → min  ,
 (6) 

where 𝑝𝑡𝑟𝑓(𝛾с)is the profit function from vehicle transportation, 𝑠𝑡𝑟𝑓(𝛾с)  is the 

function of unit costs per unit of vehicle mileage, and и𝑡𝑟𝑓(𝛾с) is the function of the 

realized damage to the road surface during the transportation process. On the basis of 
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the conducted statistical study, data were obtained on the quantities included in the 

indicated equations, and the final system is represented as follows (7): 

 {

𝑦 = 448,5𝑥2 − 737,1𝑥 + 327,6       

𝑦 = 50𝑥2 − 125𝑥 + 116      

𝑦 = 87,5𝑥2 − 82,5𝑥 + 66      .

 (7) 

Let us solve the system of equations by the sequential-graphoanalytical method (Fig-

ure 1) (7). 

 

Fig. 1. Graphs of changes in specific economic indicators depending on the change in CIG 

To find the optimal value of the PUF, ensuring the minimum total costs in the system 

under consideration, it is necessary to determine the resulting function r (γ_с) by find-

ing its extremum (Figure 1): 

 𝑟(𝛾с) = 411𝛾с
2 − 779,6𝛾с + 377,6 . (8) 

 𝛾с = 0,93  

5 Conclusion 

Thus, the modernization of the existing scientific and methodological approach-es 

to assessing the trucks usage efficiency, in particular when transporting bulk cargo, was 

carried out by including the PUF criterion in the assessment methodology and estab-

lishing the existing PUF links with the previously used criteria for minimizing the unit 
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cost operating vehicles throughout the entire life cycle and maximizing vehicle perfor-

mance. As a limiting criterion, the task of minimizing potential damage to the coverage 

of the road network was played. As part of the approbation of the method-ology for 

solving the posed multicriteria optimization problem, the calculation of the economic 

assessment of the range of optimal values of the PUF for the conditions of a particular 

operator was performed. At the same time, values from 0.9 to 0.93 were obtained.  
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