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Summary.The article deals with the influence of road conditions on fuel consumption by vehicles 

when transporting goods and passengers, which depends on the speed of movement. The optimum fuel con-
sumption corresponds to the optimum speed of movement which is distinctive for each type of car. Increase 
or decrease of the optimum speed leads to increased fuel consumption. Elevations reduce the speed and in-
crease fuel consumption by up to 30%. Road conditions (width of roadway, condition of surface, presence of 
horizontal curves, longitudinal slopes, pedestrian crossings, settlements) cause a change in the speed of move-
ment and consumption of fuel and lubricants. It is possible to take into account the road conditions by plotting 
the speed of movement along the route, the change in the speed occuring during the travel time and socio-
economic indicators of the route. 

Based on this chart, fuel costs and route times are calculated. Since the cost of fuel is 50-52% of the 
cost of transportation of goods and passengers, the cost will be roughly 2 times higher. The cost of transporta-
tion of goods by trucks is characterized by the cost of transportation, and the transportation of passengers by 
the cost and time spent by passengers when traveling the route. 

Keywords: road, car, speed, fuel consumption, route travel time. 
 
Introduction. Transportation of goods and passengers is estimated by the route travel time. 
Travel time depends on the type of vehicle, road conditions, weather conditions and traffic organiza-

tion. The average speed of the car on individual sections of roads on the route may be the main criterion 
(5,6,7,8). Road conditions determine the average speed of the car. Under road conditions, we mean geometrical 
parameters of the motorway (the width of the roadway, the number of lanes, the radii of horizontal curves, 
longitudinal slopes, the radii of vertical curves, the availability of settlements, pedestrian crossings) and the 
state of surface (coefficient of adhesion, flatness). The article considers the question of plotting the speed of 
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the car by defined route and determination of fuel consumption by cars that affect the cost of transportation 
both for goods and passengers. Fuel costs depend on the type of vehicle, its purpose, average speed in various 
road and weather conditions, which increase with decreasing or increasing the speed of movement from opti-
mal speed. 

Purpose and methods. The cost of the route travel depends on fuel consumption and average speed 
of the car. The result will be the route travel time and its cost.     

So the time of the route travel depends on the speed of the car, and this in turn depends on the geometry 
of the road and the type of car: 

 

( . )T f V P ,                                                                      (1) 

where : V=f(П,С(  !) 
 Р- type of car, 
П- road parameters, 
С- state of surface. 

The main criterion for the cost of freight transportation is the cost of fuel and lubricants. The cost of 
transportation of goods by highways consists of the cost and profit.    

The cost of transportation of goods by cars is formed as follows (  3,4 ):  
 

( ) П ЗП
Т Ш р а

С С
c C С С С

V


     ,                                                 (2) 

 
where V- speed of the car (km/hour); 
Ст- fuel and lubricating material costs (uah /km); 
Сш- the costs of tire wear (uah / km); 
Ср- maintenance and repair costs (uah / km); 
Са- restoring costs and depreciation (uah / km); 
Сп- fixed costs (uah/ hour); 
Сзп- driver’s wage (uah/ hour). 
The costs considered can be divided into three groups. The first group depends on the car driving (uah / km), 
second on the length of the journey (uah / h), third on the speed of cars (km/hour). 
    When examining the cost of driving a car the following must be taken into account: speed, length of the 
journey, length of the route. 
  The cost of fuel and lubricants, taking into account the cost of the length of the section of the road 1km. 
 

1.1T ТC Gs Ц   ,                                                                        (3) 

 
where Gs - fuel consumption at 1 km (l); 
Цт – cost of fuel (uah.) 

( ; )Gs f V P ,                                                                            (4) 

 
where Р- type of car. 

Tire wear costs:                              
0.1 Ш Ш Є
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where Цш - cost of tire, uah.; 
Нш - the mileage is set at 1 km; 
Пш - number of tires; 
Кє- takes into account road conditions. 
Depreciation deductions: 

1000а Є

Ца а
С К


  ,                                                                         (6) 

 
where Ца - car cost, uah.; 
а – the rate of depreciation deductions. 
Maintenance and repair rates: 

р ОТ ЄС Н К  ,                                                                               (7) 

 
where Нот - maintenance rates.                        
According to the data (  4    ) part of expenses in percent. 
 
Table 1 – Costs of transportation of goods and passengers 
Таблиця 1 – Витрати на пе6ревезення вантажів і пасажирів 

General 
costs 

Fuel and lub-
ricants 

Depreciation 
Costs 

Repair and ser-
vice 

Fixed Wage Assignment 

100 52 22 5 12 6 3 
 

It can be seen from the table that fuel and lubricants account for 52% of freight costs, while salaries 
and business trips make up 9%, which together make up 61%. 

Fuel consumption is characterized by the type of car and the optimum speed, which can be expressed 
by the following graph: 
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Figure 1 – Dependence of fuel consumption by the car on the speed of movement. 
                     Рисунок 1 – Залежність витрат палива автомобілем від швидкості руху 

The optimum speed depends on the type of vehicle and varies from 35 km/h to 80 km/h. 
 
Results and explanation. The speed of the cars depending on the geometry of the road is calculated 

as the decrease of the average free-movement speed from the number of lanes, the width of the lane, the radii 
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of horizontal curves, the longitudinal slope and the equality of coverage, the passage of settlements, the planned 
solutions of crossings and adjacencies. 

So the speed of free movement of cars on a horizontal straight section of the road, depending on the 
category of road and vehicle type, is given in Table 2 

 
 
Table 2 – Average free traffic speed depending on the type of road and type of vehicle. 
Таблиця 2 – Середні швидкості вільного руху в залежності від категорії доріг та типу автомо-

білів 

№  
Road cate-

gory 
Number of 

lanes 

Average speed, km/hour 

Cars Trucks Buses Auto trains 

1 Iа 6 91,13 75,70 77,50 81,03 

2 Iа, Iб 4 88,04 75,77 74,61 80,00 

3 II 2 84,29 71,90 71,50 72,93 

4 III 2 79,72 67,06 69,33 71,11 

5 IV 2 75,83 64,08 67,03 68,75 
 

Reducing average speed depending on the radius of the horizontal curve, taking into account the type 
of vehicle through its average length, depending on its size, is shown in Figures 2 and 3. 

 

 
 

Figure 2 – Graph of the average speed depending on the radius of the horizontal curve up to 100 m and the 
average length of the car. 

Рисунок 2 – Графік залежності середньої швидкості руху від радіуса горизонтальної кривої до 100 м 
та середньої довжини автомобіля 
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Figure 3 – Graph for determining the average speed of traffic flow depending on the radius  of the horizontal 

curve from 100 m to 600 m and the average length of the car 
Рисунок 3 – Графік по визначенню середньої швидкості руху транспортного потоку в залежності від 

радіуса горизонтальної кривої від 100 м до 600 м та середньої довжини автомобіля 
The reduction of the average free-movement speed, depending on the longitudinal slope, is shown in 

Figure 4. 

 
 
 
Figure 4 – Graph of the dependence of reducing coefficients on the longitudinal slope 
Рисунок 4 – Графік залежності знижуючих коефіцієнтів від поздовжнього похилу 
The speed of the car is greatly influenced by the magnitude of the impact indicators, varying from 20 

to 400 cm / km: 

 0,023BV V S  ,      (8) 

where Vв – free-wheel speed, km / hour; 
S – impulse indicator. 
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Based on the parameters of the highway and the presented dependencies, a graph of the speed of the 

motorway is formed, shown in Figure 5. 
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Figure 5 – Average speed graph 

Рисунок 5 – Графік середньої швидкості руху 
 
Direct and dashed lines show the direct and reverse motion of cars where: 
Vp – speed of movement depending on the equality of coverage; 
Vn – speed depending on the intensity of the movement; 
Vi – speed depending on the longitudinal slope; 
Vr – speed of movement depending on the radius of the horizontal curve; 
Vb – free movement speed; 
Vo – restriction of speed of traffic by means of traffic organization. 

On the basis of the received graph, the time of the current route travel, as well as the fuel consumption, 
are determined. When calculating fuel consumption, it is necessary to take into account the elements of the 
road. When driving on the elevation, fuel consumption is increased by up to 20% according to the number of 
researchers. Increasing or decreasing the speed with respect to optimal speed increases fuel consumption up to 
10% for every 10 km / h of change in speed. (1,2,3,4,9)  

Conclusion. During the determination of the cost and travel time on the road, in accordance with the 
task, the average speed of the vehicle is taken into account, including the parameters of the road and the con-
dition of coverage. 
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ВПЛИВ ДОРОЖНІХ УМОВ НА ВИТРАТИ ПАЛИВА АВТОМОБІЛІВ 

Додух Катерина Михайлівна, к.т.н., доцент кафедри проектування доріг, геодезії та землеустрою, 
Національний транспортний університет. 
https://orcid.org/0000-0003-2544-5359 
Пальчик Антон Дмитрович, аспірант кафедри туризму, Національний транспортний університет.  
https://orcid.org/0000-0002-1467-3658 

Анотація. В статті розглянуто питання впливу дорожніх умов на витрати палива автомобілями 
при перевезенні вантажів та пасажирів, які залежать від швидкості руху. Оптимальні витрати палива 
відповідають оптимальній швидкості руху, яка є характеристикою для кожного типу автомобіля. Збі-
льшення або зменшення швидкості руху від оптимальної приводять до збільшення витрат палива ав-
томобілями. Наявність підйомів зменшує швидкість руху та збільшує витрати палива до 30%. Дорожні 
умови (ширина проїзної частини, стан покриття, наявність горизонтальних кривих, поздовжніх похи-
лів, пішохідних переходів, населених пунктів) викликає зміну швидкості руху та витрат паливо-масти-
льних матеріалів. Урахування дорожніх умов можливе через побудову графіка швидкості руху по ма-
ршруту, зміна швидкості руху виникає і на час проїзду та соціально-економічні показники проїзду ма-
ршруту. 
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На основі цього графіка розраховуються витрати палива та час проїзду маршруту. Так як ви-
трати палива складають 50-52% вартості перевезень вантажів та пасажирів, то собівартість буде у 2 
рази більша. Вартість перевезень вантажними автомобілями вантажів характеризується собівартістю 
перевезень, а перевезення пасажирів собівартістю та витратами часу пасажирів при проїзді маршруту. 

Ключові слова: дорога, автомобіль, швидкість руху, витрати палива, час проїзду маршруту. 
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