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Abstract. The article discusses the issues of assessing the delays 
connected with the transport service of people visiting focal points (FPs) 
by individual transport (IT). The necessity of using a mathematical 
approach when assessing delays is proved. The factors influencing 
transport delays when driving through unsignalized intersections are 
presented. An integrated mathematical model is derived, which makes it 
possible to estimate the load factor at unsignalized intersections. This 
model is based on parameters that reflect transport demand and throughput 
capacity of an unsignalized intersection. The main parameters required for 
assessing the capacity of the minor road at an unsignalized intersection are 
described. An integrated mathematical model is offered that allows 
estimating the delay of individual transport users leaving the territory 
(parking lot) of the focal point. The authors elaborate recommendations for 
the practical application of the considered mathematical models while 
organizing transport services for focal points visitors using individual 
transport.  

1 Introduction 
The modern city and its influence zone consist of independent focal points differentiated by 
type, purpose, scale, type of ownership, area, departmental affiliation and other criteria. The 
fact that the diameter (extension) of modern urban agglomerations can account for tens of 
kilometers (the Paris agglomeration is about 80 km, the Moscow one – 80 km, the 
extension of Volgograd is 90 km, etc.) conditions the urgent necessity of using high-speed 
transport systems when servicing these focal points. Development of high-speed systems of 
mass passenger transport and, which is especially important, of connection hubs, makes it 
possible to arrive at remote FPs with very low delay indicators corresponding to urban 
planning norms [3]. However, when it comes to transport services for suburbanized 
territories, as well as for FPs requiring the use of individual transport (IT), it is necessary to 
provide for an appropriate transport infrastructure that can meet the demand for parking 
within the walking distance from the desired FP. Otherwise, such a FP may lose its 
commercial appeal and, accordingly, have lower transport demand. 
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2 Materials and methods 

It is important to take into account that when visiting the FP by IT, the key aspect is the 
total time spent on arriving at the FP. In simplified form, the chain of actions of a FP visitor 
using IT can be represented as the following sequence: entering the territory (parking lot) of 
the FP through the feeding intersection from the street and road network (SRN) of transit 
traffic; looking for a parking space; approaching the nearest feeding intersection (when 
visiting large FPs); exit from the territory (parking lot) of the FP through the feeding 
intersection to the adjacent SRN. Entrance to the territory of the FP is usually not very 
difficult and in many cases is practically unlimited, with the exception of those cases when 
the territory (parking lot) of the FP is packed. The time spent on looking for a parking space 
depends on many factors, first of all, the availability of free spaces, the duration of parking, 
the convenience of movement and navigation around the parking area, etc; it requires a 
particular study. The time required to leave the territory (parking lot) of the FP is of greatest 
interest, since it depends on the ratio of the intensity of IT trying to leave the FP to the 
throughput capacity of the feeding intersection. Such a ratio is usually called the traffic load 
factor (coefficient) in the transport science. As a rule, feeding intersections are unsignalized 
intersections and in the case of high intensity of transit traffic flow having the priority over 
the considered one, the number of permitted traffic directions is reduced. Thus, the traffic 
load factor can be estimated on the basis of the following integrated mathematical model 
for estimating [1]; in its numerator there is intensity of the traffic flow leaving the FP, and 
in its denominator – the throughput capacity of the studied road: 
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(1) 

where ЕFP – transport demand, persons per hour; qp – intensity of the first-rank traffic 
flow conflicting with the movement direction in question, vehicles per hour; kd  – 
coefficient of the traffic flow proportion distributed between intersections of the given FP 
(at one intersection kd =1); kch

dep – coefficient of daily irregularity on departure; n – number 
of traffic flows in the traffic group; tg – average boundary zone, sec.; tf  – average 
following distance, sec.; N02j – intensity of the second-rank traffic flow conflicting with the 
movement direction in question, vehicles per hour (it is excluded in the absence of it); N03j 
– intensity of the third-rank traffic flow conflicting with the movement direction in 
question, vehicles per hour (it is excluded in the absence of it); с02j  and с03j  – throughput 
capacity of the second- and third-rank traffic flows, respectively, that conflict with the 
traffic flow in question, vehicles per hour (it is excluded in the absence of it); m – number 
of the second- and third-rank traffic flows, respectively, that conflict with the traffic flow in 
question.  

The given model presents the intensity of the traffic flow leaving the FP through the 
transport demand [1, 14, 15] and several parameters characteristic of the process of visiting 
FPs by IT users. The denominator shows the throughput capacity of the minor road at an 
unsignalized intersection with regard to the intensity of the traffic flow that is prior to the 
flow in question. Besides, the average boundary zone is of importance as it reflects the 
possibility of the passage of a vehicle standing in the queue.  

The delay of vehicles at unsignalized intersections is presented in some Russian and 
foreign scientific works [2, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13] and, in particular, can be 
determined by the expression [10]: 
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 (2) 

where с t – throughput capacity of the definite traffic flow, units per hour; Т – time 
during which the throughput capacity was evaluated and during which the increased traffic 
intensity is possible, hours; N – intensity of the definite traffic flow, units per hour.  

3 Results 
Having regard to expressions 1 and 2 it is possible to present the integrated model of delay 
assessment at an unsignalized intersection: 
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