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Abstract. 

This paper deals with the analysis of existing approaches to the determination of road capacity by using forced 

control. This value is characterized by the maximum amount of conventional cars, which overcome the cross-section 

of the roadway at enabling signal of traffic light. We have determined the ways of development in the field of traffic 

management, overviewed various studies aimed at the calculation of the amount of road capacity, and explained the 

concept of conditional vehicle for its determination. We have considered the principles of determining the 

fundamental values for choosing an optimal traffic control regime.  We have reviewed the heterogeneity of the 

composition of the traffic flow and the different classification systems of the main types of vehicles. We have 

determined the composition of the traffic flow, taking into account the heterogeneity of passenger cars according to 

West-European classification. We have suggested an equation of relationship between the composition of traffic flow 

and the capacity of a controlled intersection, which allows developing a mathematical model for the calculation of the 

optimal duration of the control regime for traffic flows. 
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Introduction 

One of the main indicators characterizing the efficiency of road operation is its capacity, estimated by the maximum 

possible number of vehicles passing through a certain road section in a unit of time. A special attention is paid to the 

investigation of this value both in the evaluation of proposed activities, and for the calculation of the existing schemes 

of traffic management. When assessing the effectiveness of forced management at the intersections, namely traffic 

light control, road capacity of the intersections is calculated with the use of such concepts as "saturation flow", which 

is a fundamental characteristic in the analysis and design of a controlled intersection. 

http://www.ijptonline.com/
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Due to a rather wide variety of cars that make up the bulk of the traffic flow in any city, region, state and country, we 

have identified the main objective of the study - reduction of loss of time for road users due to the rational 

management of traffic lights. This paper includes one of the objectives of the study performed - a theoretical 

substantiation of the relationship of design parameters of passenger vehicles and the road capacity under traffic light 

control. 

F. Webster was one of the first describing value of saturation flow in his writings [1]. He defined the basic parameters 

during traffic light operation and precisely specified the saturation flow in his model, defining it as car crossing, 

which would be ended if there was a continuous queue of vehicles, and they had a 100% duration of the green cycle 

(Figure 1). The Webster’s basic model was later used by A. Miller [2], A. Clayton [3], J. Wardrop [4], B. Cobbe [5], 

and B. Greenshields [6]. 

 

Figure 1 – “Webster’s model” parameters, the initial process of signal controlled traffic: 

G – green light duration;Y - yellow light duration;ra – duration of the combination of red and yellow lights; Ge – 

effective duration of green light; LC – start time losses; LY – a part of yellow light at the end of phase  used for 

movement; MН – saturation flow; b – the time interval from switching the enabling signal until the saturation flow. 

The analysis of Webster’s model (Figure 1) shows that the saturation flow depends on the traffic intensity, which is 

primarily determined by the cars that form it, so the calculation is mainly performed with the use of constant value 

obtained in the course of research and analytical studies. 

According to research conducted in Washington, the current practice is focused on 2000 cars/hour at green signal at 

an intersection as the theoretical limit for the controlled intersection. In practice, this value ranges from 1500 to 1800 

units/h and is typically used for the planning and design. 

Methods 

Considering the traffic process at the controlled intersections, it is obvious that the saturation flow value is defined as 

the duration of the movement with intervals and the delays at enabling signal and its switching to a block signal. 
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The work by B. Greenshields is widely known in this area [6]. He found that the first car enters the intersection after 

3.8 seconds after green light turns on, and that the next cars start moving 3.1; 2.7 and 2.2 seconds after the previous 

vehicle. All the cars following the fifth one entered the intersection with an average interval of 2.1 seconds. The 

studied process of traffic corresponds to the saturation flow value of 1,714 U/h. 

The instructions for the study of controlled intersections developed in Washington [7] defines “the basic flow" as 

1,500 U/h in a 12-foot traffic lane (3.66 meters) per hour of enabling signal, or 1,250 U/h in a 10-foot traffic lane 

(3.03 m). These basic values are applied to the continuous traffic flows entering the intersection at an interval of 2.4 

seconds for lanes of 3.66 m wide and 2.9 seconds for lanes of 3.03 m wide. 

R. Bartle, V. Skoro and D.L. Gerlough [8], following a procedure similar to that used by B. Greenshields, examined 

the starting delays and intervals of the crossing at 13 intersections in Los Angeles, resulting in the average time 

interval for all traffic lanes ranged from 0.95 to 1.63, with a saturation flow equal to 2,208 U/h. 

D. Capelle, and С. Pinnell [9] in their studies found that all vehicles, moving right after the second car, were moving 

at intervals of 2.1 seconds on average, and the saturation flow value was 1,714 U/h. 

W. Assmus [10] investigated the intersections with two specially allocated lanes for turning left and defined the 

average interval as the time between the third and the last vehicle in the queue; according to his studies, the saturation 

flow value ranges from 1,540 U/h to 1,600 U/h. 

R. Carstens [11] measured the traffic range for the fifth and the subsequent vehicle with an average of 2.3 and 

obtained a value of saturation flow equal to 1,572 U/h. 

D. Berry [12] measures the saturation flow at 16 commuter intersections and gets different values depending on the 

type of traffic and lane width. This helps him identifying the dependence of change of the studied lane on the 

approach width and type of traffic. 

Studying the relationship between the projected signal and the movement with an interval, G. King and M. Wilkinson 

[13] recorded the crossing intervals of passenger cars at 39 intersections and concluded about the initial reduction of 

motion interval caused by the increasing position in the queue, which then leveled at about 2.2 second, and at the fifth 

position results in the saturation flow value equal to 1,636 U/h. 

W. Kunzman [14] investigated the controlled intersections in Orange County, California, and determined the 

dependence of traffic interval on the number of cars waiting for the enabling signal, and received saturation flow 

values for forward and left turn movements. 
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In the case where the saturation flow value cannot be measured in-situ, the value of “ideal saturation flow” is applied 

with the use of correction factors that modify it in accordance with typical local conditions. The Highway Capacity 

Manual [16] considers the saturation flow equal to 1,800 U/h, as “ideal”, used in combination with the correction 

factors. Saturation flow Mн in the specific road conditions is determined by the formula: 

LTRTABBPGHVWон ffffffffNММ 
 

(1) 

where Мо – ideal saturation flow, taken for 1,800 U/h; N – number of traffic lanes, fW – lane width factor; fHV – heavy 

vehicles factor; fG – longitudinal gradient factor; fP – parked vehicles factor; fBB – bus barrier factor, fA – area type 

factor; fRT – right turn factor; fLT- left turn factor [19]. 

Average calculated values for ideal conditions, when the intersection has no longitudinal gradient, the influence of 

the heavy vehicles, buses and parked cars is absent or minimal, as well as the performance of the right and left turn 

occurs without interference, make up, in the American controlled intersections capacity manual [20], 1,900 U/h, in 

German - 2,000 U/h [21]. 

Levashev A.G. defined in his study [22] a "perfect saturation flow" as 1,904 U/h. 

Kremenets Iu.A., Pecherskii M.P., Afanasiev M.B. [23] calculate the saturation flow value for the straight forward 

movement on the road without a longitudinal gradient by a formula that associates this figure with the width of the 

traffic lane: 

ПЧн ВМ  525
 (2) 

where Мн –  saturation flow, U/h; Впч  – traffic lane width, m.  

A literature review on the study of the saturation flow revealed a variety of methods and approaches used to define it; 

the generalized analysis of the saturation flow studies is shown in Table 1. 

Table 1 – The generalized analysis of the saturation flow study. 

Source and conditions Saturation flow value, U/h 

B. Greenshields [6]
 

 

one lane  1714 

Traffic Performance at Urban Street Intersections 

(Washington) [7] 

 

intersection approach width  

3.05 m 1,250 
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3.66 m 1,500 

R. Bartle, V. Skoro and D.L. Gerlough [8]  

one lane 2,208 

D. Capelle and С. Pinnell [9]  

one lane 1714 

F. Webster, В.М. Cobbe [5]  

intersection approach width  

3.05 m 1,850 

3.66 m  1,900 

W. Assmus [10]  

one lane 1,600 

R. Carstens [11]  

one lane 1,572 

D. Berry [12]  

intersection approach width  

3.05 m 1,733 

3.66 m  1,736 

G. King, and М. Wilkinson [13]  

one lane 1,636 

W. Kunzman [14]  

one lane 1,672 

D. Branston [15]  

intersection approach width  

2.98 m 1,757 

3.29 m 1,767 

3.60 m 1,771 

4.39 m 2,050 

Research of Department of Transportation 

(Washington) [16] 

 

one lane, 3.66 m wide 1,672 

J. Sosin [17]  

one lane 1,895 

Traffic Performance at Urban Street Intersections 

(Washington) [18] 

 

one lane 1,800 

Highway Capacity Manual (Washington, USA) [20]  
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one lane 1,900 

Highway Capacity Manual (Cologne, Germany) [21]  

one lane 2,000 

Levashev A.G. [22]  

one lane 1,904 

KremenetsIu.A., PecherskiiM.P., AfanasievM.B. [23]  

intersection approach width  

3.0 m 1,850 

3.3 m 1,875 

3.6 m 1,950 

4.2 m 2,075 

Main Part. 

According to the scientific and analytical review, the value of saturation flow varies significantly. It is measured on 

the ground or using an ideal or reference value obtained during the field research. The duration of the motion has 

been obtained for the conditional car, due to the diversity of this type of rolling stock, particularly characteristic of the 

current level of motorization. Today, there is a great variety of cars on the city roads, starting from mini, such as 

Smart (overall length - 2,500 mm.) and to maxi, for example, Toyota Tundra (overall length 5,800 mm) and, 

accordingly, the intermediate cars. Western European Classification is the most accurate for the rolling stock, 

classifying all passenger cars by the overall length (Table 2). 

Table 2 – Western European Classification of passenger cars. 

Class notation Accepted class name Approximate car length, mm 

A Ultra-small up to 3,500 

B Small from 3,500 to 3,900 

C Firs mid-sized from 3,900 to 4,300 

D Second mid-sized from 4,300 to 4,600 

E Large-sized from 4,600 to 4,900 

F Luxury over 4,900 

Due to the difference in the design feature - overall length - the passenger cars will need a different time for passing a 

section of the roadway both in the case of controlled traffic with the help of traffic lights, and in the case of traffic in 

the priority direction without the use of forced control. The presence factors that reflect the share of each class of the 
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car in general urban traffic, determined according to the following formula, help reflect the diversity of the basic 

structure of the city traffic - passenger cars, taking into account the Western European classifier: 

%100

...
... FA

FA kk



 

(3) 

where kА… kF – the presence factor of each class of the passenger car; αА…αF – the percentage of each class of the 

passenger car in traffic, obtained in a field study, %. Each city, region (state), the entire country will have its 

characteristic value of presence factors, which will depend on the level of profitability of the residents, eco-territorial 

location of the zone, the tax system, and many other micro- and macroeconomic indicators. 

Conclusion 

According to field studies of urban traffic flows, the values of the presence factors were determined, reflecting the 

composition of the urban traffic flows, on the example of the central area of the Federal District of the Russian 

Federation - Belgorod (Table 3). 

Table 3 – The values of the presence factors for the urban traffic flows on the example of the central area of the 

Federal District of the Russian Federation - Belgorod 

kA kB kC kD kE kF 

0.15 0.11 0.35 0.13 0.11 0.14 

It is proposed to use the values of the presence factors in determining the road capacity at the traffic light regulation; 

we shall use a full-scale or calculation method to determine the travel length of each class of vehicle through the 

cross-section of the road according, and, using the resulting value, we will determine the unknown value [24, 25].  

The obtained saturation flow values for different classes of passenger cars are reduced to a value, which depends on 

the proportion of the presence of each class of a car, determined by the presence factor in the general traffic flow, and 

is defined by the equation of relationship between the car design parameters and a road capacity of the controlled 

intersection: 

nnнBBнААнн kMkМkММ *...* maxmaxmax 
 

(4) 

where МнmaxA…Mнmaxn– maximum saturation flow depending on the type of motion (straight, right turn, left 

turn) and the class of a passenger car, U/h; kA…kn - the presence factor that determines the percentage of each class of 

a passenger car in the general traffic flow; n - one of the six classes of cars according to Western European classifier. 

Summary 
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The conducted practical research allowed us to determine that the traffic flow in the highly developed urban 

agglomeration consists of 80-90% of the passenger vehicles, differing from each other by their design parameters - 

overall length (from 2.5 m to 5.8 m). 

Based on the theoretical studies the values of presence factors have been justified, reflecting the composition of the 

traffic flow at the regulated intersections, which are used in determining the level of adaptability of operating modes 

of a traffic light to the advanced characteristics of the traffic flow. 
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