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Abstract. Problem. The capacity of signalized intersections is determined using the concept of 

"saturation flow". It is the main characteristic in the process of their analysis, design and calculation. 

The work is devoted to solving the scientific-applied problem of increasing the efficiency of the 

signalized intersection at one level by choosing a rational method of determining saturation flows for 

these characteristics of traffic flows, geometric parameters of the intersection and infrastructure in its 

area. The subject of the study is the influence of the main characteristics of the traffic flow, 

parameters and infrastructure of the intersection on the saturation flow value. Goal. The aim of the 

work is the analysis of the influence of the main characteristics of the traffic flow, parameters and 

infrastructure of the intersection on the saturation flow value. Methodology. The calculation of the 

control regime at the intersection is based on determining the relation between the traffic intensity of 

vehicles at the intersection and the saturation flow value, which changes under the influence of a 

number of factors. Analytical calculation of the saturation flow value is based on using of correction 

factors that take into account the influence of these factors. Results. The methods of determination of 

saturation flows are analyzed out in the work; performed a comparative analysis of the definition of 

ideal saturation flows by different methods; a comparative analysis of the determination of the 

saturation flow correction coefficients for the parameters that have an effect on it were performed; the 

estimation of discrepancy at calculations of coefficients of correction of saturation flows by various 

methods is done; the list of coefficients which need to be considered at definition of their influence on 

a saturation flow is refined. Originality. In oppose to classical and other approaches to determining 

the saturation flow, the method recommended by the American "Highway Capacity Manual" takes into 

account more parameters of influence. It is proposed to use this method for the saturation flow 

calculation, but with an updated list of coefficients that must be taken into account in the calculations. 

Practical value. The results of the work can be used in the practice of improving the efficiency of 

signalized intersections in sections of the urban road network, as well as in further research on this 

topic. 
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Introduction 

The growth of the vehicle fleet and the vol-

ume of transportation increases traffic intensity. 

All this in urban areas leads to increased nega-

tive impact of motorization. It is especially acute 

at the nodal points of the urban road network – 

at the at-grade intersection. Here traffic delays 

increase, queues and congestion are formed, 

which causes a decrease in speed, unjustified 

overconsumption of fuel, increased wear of 

components and vehicles, pollution of the city 

air basin by products of incomplete fuel com-

bustion. 

Improvement of the effectiveness of the ur-

ban road network in the existing architectural 

and planning scheme of cities requires using of 

the organizational measures set. At the at-grade 

intersections these include, primarily, the intro-

duction of signalized. During implementation of 

the set of traffic signals facility, the main task 

facing specialists is to ensure maximum capacity 

of the intersections, minimizing delays and 

queues at a high level of traffic safety. 

The relevance of the topic is determined by 

the need to develop a method for calculating 

cycles, capacity and delays at the signalized 

intersections. 

 

Analysis of publications 

The capacity of the signalized intersections is 

determined by using the concept of "saturation 

flow" – the main characteristic in the process of 

analysis, design and calculation of signalized 

intersections. 

The classical interpretation defines the satu-

ration flow as the maximum intensity queue 

discharge at a fully saturated phase [1, 2]. 

That means that it is a flow with a constant in-
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tensity, which occurs when vehicles move at the 

minimum possible intervals. However, the use 

of saturation flow values in the following inter-

pretation when calculating, for example, the 

capacity per lane by the formula: 

 

eij j

ij

S G
c

C
 ,                         (1) 

 

where cij – capacity per lane i of the signalized 

phase j, veh/h; 

           Sij –saturation flow rate for per lane i of 

the signalized phase j, veh/h; 
             Gej – effective length of the signalized 

phase j, s; 

            C – cycle length, s, 

leads to overestimated values of capacity, be-

cause the constant traffic intensity with minimal 

intervals occurs after after turning on the traffic 

signal, which allows traffic, 3–4 cars will pass 

[1, 2]. 

Therefore, some researchers believe that the 

saturation flow should be interpreted as the av-

erage intensity of the departure of vehicles from 

the stop line during the green signal burning 

time, when a sufficiently the high queue of cars 

discharge. According to Yu. A. Vrubel [3] "... 

such a definition of the saturation flow is close 

to the concept of capacity during the green sig-

nal burning time" and takes into account both 

the lost time and the green signal duration. 

Analysis of research works of domestic and 

foreign researchers showed that each author 

formulates a different definition of the saturation 

flow. 

So, Yu. A. Kremenets [1] defines the satura-

tion flow as the maximum intensity of the vehi-

cles queue discharge during the saturated signal-

ized phase.  

Yu. A. Vrubel [3] defines the saturation flow 

as the average intensity of a discharge sufficient-

ly long queue of vehicles through the stop line 

during the action of the permitting signal. 

F. V. Webster and B. M. Cobbe, D. Branston 

and H. J. Van Zulien, R. W. Stokes [4–6] con-

sider the saturation flow as a constant intensity 

of the queue discharge of considerable length. 

J. G. Wardrop [7] understood the saturation 

flow as a state of traffic flow that occurs when 

vehicles overcome the stop line with the mini-

mum possible intervals during movement. 

The basic "Webster's model", presented by 

FV Webster in his work in 1958 "Traffic Signal 

Settings" [8], was later used by many scientists: 

A. Miller, A. Clayton, J. Wardrop, B. Cobbe, 

B. Greenshields. 

In the "Webster's model" the approach to 

saturation flow is called a uniform rate of depar-

ture. With a saturated flow of vehicles, the ca-

pacity is proportional to the effective duration of 

the green signal. 

F. V. Webster and B. M. Cobbe [4] refer to 

the dependence: 

 

Ge = G + Y – L,                      (2) 

 

where G – the actual duration of the green sig-

nal, s;  

           Y – duration of the amber signal, s; 

           L – effective duration of the green signal 

("lost time"), s. 

The "lost time" L can be divided into two 

components: the duration of vehicle delays at 

the start of the queue at the beginning of the 

green signal; duration of vehicle delays due to 

not fully used yellow signal period. These com-

ponents of D. Branston, H. J. Van Zuylen [5] are 

called, respectively: the initial green delay LC; 

final green delay LY – and they are used to de-

termine the "lost time": 

 

L = LC + Y - LY                      (3) 

 

and the effective duration of the green signal: 

 

Ge = G + LY - LC.                   (4) 

 

Based on the above, the saturation flow can 

be defined as the maximum intensity Na for the 

duration of the permitting signal. Taking into 

account the feedback between the saturation 

flow and the average duration queue discharge, 

the direct analysis approach is used to determine 

the maximum capacity of the signalized inter-

sections (1). 

If the flow of vehicles arriving on the ap-

proach is denoted as q, then to ensure adequate 

approach capacity, the inequality must be ob-

served: 

 

S (Ge / С) ≥ q.                      (5) 

 

Inequality (5) means that the capacity of the 

approach must be greater than or equal to the 

demand for it. However, if inequality (5) is 

transformed, then to provide the required capaci-

ty on the approach to the intersection, the effec-

tive duration of the green signal must be such 

that the following condition is met: 

 

(Ge / С) ≥ q / S.                    (6) 
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Therefore, when analyzing the efficiency of 

the control cycle, the saturation flow is used as 

the main value. 

According to research conducted in Wash-

ington [9], the theoretical limit for signalized 

intersections is the value of 2000 cars per hour 

passing at a green traffic signal. In practice, this 

value varies from 1500 to 1800 veh/h and is 

commonly used for planning and design purposes. 

In the work of B. D. Greenshields, 

D. Schapiro, and E. L. Ericksen [10] to deter-

mine the saturation flow considered the duration 

of the movement with an interval and the turn-

on delay of the permitting signal and its change 

to prohibitory. It was found that the first car 

enters the intersection in 3.8 s after turning on 

the green signal, and that following cars start 

driving in 3.1; 2.7 and 2.2 s after the previous 

vehicle. All following cars after the fifth, drove 

to the intersection with an average interval 2.1 s. 

The studied process of motion corresponds to 

the value of the saturation flow in 1714 veh/h. 

In the Highway Capacity Manual [9], the 

“base flow” was set at 1500 veh/h on a 12 ft lane 

(3.66 m) per hour of the permitting signal or 

1250 veh/h on a 10 ft lane (3.03 m). These basic 

values are converted to continuous traffic flows 

entering the signalized intersection with an in-

terval of 2.4 s for lanes with a width of 3.66 m 

and 2.9 s for lanes with a width of 3.03 m. 

R. M. Bartle, V. Skoro and D. L. Gerlough [11], 

following a procedure similar to that used in [10], 

investigated initial delays and intervals of queue 

discharge at 13 signalized intersections in Los 

Angeles. The average time interval for all lanes 

on the studied approaches varied from 0.95 to 

1.63 s, the saturation flow was 2208 veh/h. 

D. G. Capelle and С. Pinnell [12] in their 

studies found out that all cars moving with aver-

age interval 2.1 s immediately after the second 

car drove, their value of the saturation flow was 

1714 veh/h. 

W. E. Assmus [13], studied signalized inter-

sections with two specially designated lanes for 

turning left and defined the average interval as 

the time between the third and last vehicle in the 

queue. The saturation flow obtained by him 

varied from 1540 veh/h up to 1600 veh/h de-

pending on the type of movement. 

R. L. Carstens [14] measured the movement 

interval for the fifth and following vehicle on 

average 2.3 s and obtained a saturation flow 

value 1572 veh/h. 

D. J. Berry [15] measured the saturation flow 

at 16 suburban intersections and obtained differ-

ent values depending on the type of traffic 

(straight, left turn) and lane width (9 ft and 

above), thereby revealing the pattern of change 

of the studied lane from these parameters. 

In the work of G. F.  King and М. Wilkinson [16] 

the study was conductes about the relationship 

between the designed signal and the intervals of 

queue discharge at 39 signalized intersections. 

After processing the data, the value of the satu-

ration flow 1636 veh/h was obtained. 

W. Kunzman [17] studied signalized inter-

sections in Orange County, California and de-

termined the dependence of the interval of 

movement on the number of vehicles waiting for 

the permitting signal. During the study, depend-

ing on the length of the queue, the values of the 

saturation flow 1597–1672 veh/h were obtained 

for direct and 1494–1632 veh/h for left turning 

traffic, respectively. 

In the case where the saturation flow cannot 

be determined by field study, the "ideal satura-

tion flow" value is used with the application of 

correction factors that change the "ideal" value 

under certain conditions. In the Interim Materials 

on Highway Capacity [18], the saturation flow is 

defined as "ideal" and it is used in combination 

with correction factors that take into account the 

influence of those factors: adjustment factor for 

lane width; adjustment factor for approach 

grade; adjustment factor for heavy vehicles in 

traffic flow; adjustment factor for existence of a 

parking lane and parking activity adjacent to 

lane group; adjustment factor for blocking effect 

of local buses that stop within intersection area; 

adjustment factor for area type; adjustment fac-

tor uneven loading of a group of lanes; adjust-

ment factor for left turns in lane group; adjust-

ment factor for right turns in lane group [19]. 

The average calculated values for ideal con-

ditions when the section has no grade, the im-

pact of heavy vehicles, buses and parked cars is 

absent or minimal, and the right and left turns 

are unobstructed, are in the American manual 

for assessing the capacity of signalized intersec-

tions [20] 1900 veh/h, in German 2000 veh/h 

[21]. 

In the research of A. G. Levashov [19] the 

value of the "ideal saturation flow" is 1904 

veh/h. 

Y.A. Kremenets, M.P. Pechersky, 

M.B. Afanasyev [22] for the case of movement 

in the forward direction on the road without 

grade, the saturation flow is calculated by the 

formula that relates this indicator to the roadway 

width: 

 

S = 525·Wr,                        (7) 
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where S – saturation flow rate, veh/h;  

         Wr – lane width, m. 

Formula (7) is applicable when 5.4 m ≤ B ≤ 

18.0 m. If the width of the roadway is less than 

5.4 m, it is possible to use the data from table 1 

[22] or 2 [23]. Missing values in the table can be 

found by interpolation. 

 
Table 1 – The value of the saturation flow de-

pending on the width of the approach according to 

Yu. A. Kremenets [22] 

S, veh/h 1850  1875  1950  2075  2475  2700 

Wr, m  3.0  3.3  3.6  4.2  4.8  5.1 

 
Table 2 – The value of the ideal saturation flows of 

the lane according to E. M. Lobanov [23] 

Wr, м 3.0 3.5 4.0 4.5 5 

S0, veh/h 1800 1900 2100 2300 2600 

 

Thus, a literature review about the saturation 

flow studies showed a variety of methods and 

approaches that are used to determine it. 

Analysis of different methods of determining 

the saturation flow indicates the ambiguity of 

determining the saturation flow and gives differ-

ent final results, which fluctuate in a fairly wide 

range from 1572 veh/h up to 2000 veh/h. The 

lack of a single method of calculation of the 

considered value can lead to an erroneous result 

when we are evaluating the efficiency of the 

cycle duration or developing a new one. 

In our opinion, it is necessary to use the av-

erage values of the saturation flow when analyz-

ing the parameters of the signalized intersection 

and the calculations of the control modes. 

The saturation flow depends on many fac-

tors: the width of the roadway (lane); approach 

grade on the intersection; condition of the road 

surface; visibility of the intersection by the driv-

er; the presence of pedestrians and standing cars 

in the intersection area, etc. Therefore, for each 

approach to the intersection it must be deter-

mined separately. 

 

The purpose and the statement 

of the problem 

The aim of the work is to increase the effi-

ciency of the signalized at-grade intersection by 

choosing a rational method of determining satu-

ration flows for these characteristics of traffic 

flows, geometric parameters of the intersection 

and infrastructure in its area. 

To achieve this goal, it is necessary to solve 

the following tasks: 

  to investigate the methods of determining 

saturation flows; 

  accomplish a comparative analysis of the 

determination of ideal saturation flows by dif-

ferent methods; 

  accomplish a comparative analysis of the 

determination of the saturation flow correction 

coefficients for those parameters that affect it; 

  estimate the deviation in the calculation of 

saturation flow correction coefficients by differ-

ent methods. 

 

Methods for determining the saturation flow 

on the approach to the intersection 

Analysis of the values of ideal saturation 

flows allows us to draw the following conclu-

sions: 

  the values of the ideal saturation flow de-

termined in recent years are higher than in the 

middle of the last century. This is due to the 

much better dynamic characteristics of vehicles; 

  the values of the ideal saturation flow sig-

nificantly depend on the lane width; 

  the value of the ideal saturation flow per 

lane with a width of 3.6–3.75 m should be taken 

1900 veh/h. 

The real saturation flow on the intersection 

approach, in contrast to the ideal, is limited by a 

significant number of factors. In the general 

case, the theoretical saturation flow is deter-

mined by the formula: 
 

0 iS S f  ,                     (8) 

 

where S – real saturation flow rate for subject 

lane group, expressed as a total for all lanes in 

lane group on the intersection approach (veh/h); 

          S0 – ideal saturation flow rate per lane 

(pc/h/ln); 

          Пfi – product of correction factors affect-

ing the saturation flow. 

Depending on the parameters that affect the 

real saturation flow, the calculation methods that 

are used to determine it can be divided into three 

groups (Fig. 1): 

  classic, the model for calculating saturation 

flows was first proposed by F. Webster [4], the 

method described by him is generally accepted 

all over the world, including in Ukraine; 

   classic adjusted, which differs from the 

classical method of determining the ideal satura-

tion flows of the roadway; 

  method recommended by the American 

"Highway Capacity Manual" (HCM) [20]. 

This technique is used in many countries around 

the world.  

The methods that are used in the calculation 

include both similar and different parameters. 



Автомобільний транспорт, вип. 48, 2021 

 
68 

Methods of determining saturation flows of the 

roadway

Classic Recommended by the Highway 

Capacity Manual

(HCM 2000), USA

The following parameters are taken into 

account

- width of the roadway at the 

intersection approach;

- distribution of traffic flows 

in directions from one lane 

(group of lanes);

- turning radius;

- grade.

- number of lanes;

- lane width;

- distribution of traffic flows in 

directions from one lane (group 

of lanes);

- grade;

- the existence of a parking lane 

and parking activity adjacent to 

lane group;

- availability of bus (trolleybus) 

stops and number of stops per 

hour;

- area type;

- uneven loading of lanes

- obstacles created by pedestrians 

to cars turning right or left

Classic adjusted

- number of lanes;

- lane width;

- distribution of traffic flows 

in directions from one lane 

(group of lanes);

- grade;

- turning radius

 
 

Fig. 1. Methods of determining saturation flows 

 

The classic method of determining saturation 

flows was suggested by F. Webster in 1958 and 

has the following algorithm for calculating satu-

ration flows [22, 23]. 

The ideal saturation flow is determined de-

pending on the width of the carriageway by the 

formula (7). 

The real saturation flow by the classical 

method is determined by the formula: 
 

0 i R nS S f f f    ,               (9) 

 

where fi – adjustment factor for approach grade; 

           fR – adjustment factor, taking into account 

the vehicles radius of turn from individual lanes 

or lanes groups; 

          fn – adjustment factor, taking into account 

the distribution of traffic in the directions of a 

single lane or group of lanes.  

The calculated value of the saturation flow 

varies depending on the value of the approach 

grade: each percentage of the grade on the rise 

reduces its value, and on the descent increases 

by 3 %: 

 

3
1

1000
g

g
f


 ,                      (10) 

 

where g – approach grade, ‰. 

Right and left turning flows move in separate 

lanes (or groups of lanes), saturation flows are 

calculated depending on the turning radius R: 

– for single-row traffic: 

1

1.525
1

Rf

R





;                    (11) 

 

– for two-row traffic: 

 

1.67

1.525
1

Rf

R





.                    (12) 

 

If at the intersection it is impossible to allo-

cate separate lanes for each direction of move-

ment, then due to mutual obstacles of cars mov-

ing from one lane in different directions, the 

saturation flow decreases. This effect can be 

neglected when the share of the returning flows 

less than 10 %. At higher intensity of the return-

ing vehicles, all flow is reduced to one condi-

tional by means of reduction coefficients equal 

for direct movement 1.0, turn to the left 1.75, 

turn to the right 1.25: 

 

100

1.75 1.25
пf

a b c


   
,                (13) 

 

where a, b and c – the percentages of intensity, 

respectively, for the direct movement, for left 

turn and for right turn from the total amount on 

the approach to the intersection, %. 

The classical method allows to set the value 

of the ideal saturation flow for the lane of any 

width using the data [22, 23]. However, for a 

road with several lanes, the calculation accord-

ing to the formula (7) gives the average values 

of saturation flows, regardless of the number of 

lanes and their width. Therefore, in the adjusted 

classical method for the roadway width of 

5.4 m, the number of lanes and their width is 

preset, and the ideal saturation flow of road is 

calculated by the formula: 

 

0 0LS S n  ,                      (14) 

 

where S0L – ideal lane saturation flow, veh/h, 

determined according to table. 2; 

            п – number of lanes. 

Further calculation of real saturation flows is 

performed by formula (9). 

The Transport Research Council of the Na-

tional Academies of Sciences in the United 

States has been conducting capacity and level of 

service studies for various highways for several 

decades. The results of these studies are pub-

lished in the "Highway Capacity Manual" 

(HCM) [20]. The manual contains concepts, 
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guidelines and computational procedures for 

calculating road capacity, including signalized 

intersections. 

HCM 2000 recommends taking into account 

a much larger number of parameters that affect 

it than in the classical method when calculating 

the saturation flow, and adjust the value of the 

ideal saturation flow taking into account the real 

traffic conditions at the particular intersection 

according to the following formula: 
 

0 w g HV p bb a LU

LT RT Lpb Rpb

S S n f f f f f f f

f f f f

         

   
,         (15) 

 

where sо – base saturation flow rate per lane 

(pc/h/ln);  

            п – number of lanes in lane group; 

            fw – adjustment factor for lane width; 

            fg – adjustment factor for approach 

grade; 

            fHV – adjustment factor for heavy vehi-

cles in traffic stream; 

           fp – adjustment factor for existence of a 

parking lane and parking activity adjacent to 

lane group; 

           fbb – adjustment factor for blocking effect 

of local buses that stop within intersection area; 

           fa – adjustment factor for area type; 

           fLU – adjustment factor for lane utiliza-

tion; 

           fLT – adjustment factor for left turns in 

lane group; 

          fRT – adjustment factor for right turns in 

lane group; 

          fLpb – pedestrian adjustment factor for left-

turn movements; 

          fRpb – pedestrian-bicycle adjustment factor 

for right-turn movements. 

Thus, the analysis allowed us to establish 

three main methods for determining saturation 

flows. 

The classical method of determining satura-

tion flows does not take into account the lane 

width and a number of parameters that affect the 

real saturation flow. 

The adjusted classical method takes into ac-

count the lane width, but when determining the 

real saturation flows does not differ from the 

classical one. 

The method recommended by HCM allows 

to consider a considerable quantity of the pa-

rameters influencing a real saturation flow, but 

differs in labour-intensive of calculations. 

Recommendations for using of these tech-

niques can be made after their comparative analy-

sis.  

Input parameters for analysis 
Theoretical calculations and world experi-

ence suggest that with flow of only cars and 

speed of 50 km/h the width of lanes that depends 

on their quantity in this direction and location, 

should be in the range of 2.75–3.5 m. If there are 

vehicles 2.5 m wide in the traffic flow, then the 

width of the lane should be in the range of 3.5–

4.0 m. 

Consider other parameters that affect the real 

saturation flow per lane: 

 approach grade. According to DBN 

B.2.3-5:2018 [24] on the highway and roads of 

all groups of settlements of Ukraine the ap-

proach grade should not exceed 6 %, on streets 

and roads of local significance – 8 %. In further 

calculations, the value of the approach grade 

will be taken within -8 %<і<+8 % ("minus" 

means that the flow on the approach to the inter-

section moves downhill, "plus" – the flow 

moves uphill); 

 heavy vehicles in traffic flow. The share 

of heavy vehicles on the urban road network of 

cities does not exceed 10 %. This value will be 

considered as a limit in further calculations; 

 existence of a parking lane and parking 

activity adjacent to lane group. The impact of 

street parking on the approach to the intersec-

tion, or behind it, is due to obstacles created by 

cars parked in or out of the parking lot. The 

maximum number of maneuvers is 

180 maneuvers/h [20]; 

 blocking effect of local buses that stop 

within intersection area. The effect of stops de-

pends on the number of routes and the interval 

of traffic on each of them. During calculation 

the maximum number of stops is250 stops/h; 

 area type. According to the recommen-

dations of the HCM for the central districts of 

the city we accept fa=0.9, in other districts fa=1; 

 uneven loading of groups of lanes. HCM 

method recommends to take the difference in 

lane loading equal to 5 %, or to conduct the 

nature of the survey; 

 turn flows. During the left-turn flow 

movement from the selected lane, the saturation 

flow decreases due to the decrease in the vehi-

cles speed on the turn compared to the move-

ment straight. The value of the radius of turn of 

the left-hand flows is taken in the range of 15–

25 m. 

In case of the left turn from the distribution 

lane without conflict with the oncoming, the 

saturation flow of the distribution lane will de-

pend on the share of the turning flow. 

In case of the left turn from the distribution 
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lane with a conflict with the oncoming flow, the 

value of the saturation flow will also be affected 

by its intensity. In the calculations we take the 

intensity of the oncoming flow from 100 veh/h 

up to 700 veh/h. 

The parameters that affect the saturation 

flows with right turn are the same as when vehi-

cle turns to the left except for the conflict with 

the oncoming flow. Limits of initial parameters 

at calculations of influence of right-turning 

flows we accept the following: radius of turn 

from 5 m to 15 m, share of a turning stream 

from 10 % to 80 %; 

 pedestrian flows. Turning flows that 

conflict with pedestrians, as in the previous case, 

can move from the designated lane and from the 

distribution. General parameters that affect the 

saturation flow turns right and left are: the inten-

sity of pedestrian flows, which in the calcula-

tions we take from 250 ped/h up to 1000 ped/h 

and the share of return flows, which in the cal-

culations we take from 25 % to 75 %. In addi-

tion, when turning left, we should take into ac-

count the intensity of the oncoming flow in the 

range from 200 veh/h up to 600 veh/h. 

 

Comparative analysis of the definition 

of the ideal saturation flows  

Determination of saturation flows of one lane 

by the classical method was done in accordance 

with the values given in tables 1 and 2 using 

interpolation. 

The calculation of ideal saturation flows ac-

cording to the method proposed in the "Highway 

Capacity Manual" (НСМ) [20] was performed 

according to the formula: 

 

0 0L wS S f  ,                       (16) 

 

having in mind that the base value of the satura-

tion flow S0 is 1900 veh/h for a 3.6 m lane wide. 

The lane width coefficient fw was calculated by 

the formula:  

 

3.6
1

9
w

b
f


  ,                   (17) 

 

where b – lane width, m. 

The value of the lane width can vary from 

2.4 m to 4.8 m. The 4.8 m wide lane should be 

considered as two narrow lanes. 

The difference in calculating the ideal value 

of saturation flow according to the classical 

technique relative to the HCM technique is 

shown in Fig. 2. 

 

According the DBN B.2.3-5:2018, the max-

imum value of the traffic lane width is 3.75 m. 

At the same time the deviation of calculation 

does not exceed 3.5 % both according to 

Yu. A. Kremenets and E. M. Lobanov's data. 

Also, the maximum width of the lane, even on 

the main roads of cities will not exceed 3.5 m in 

this case, the deviation in the calculations ac-

cording to E. M. Lobanov will not exceed 2 %. 

The value of the ideal saturation flow of the 

lane with a width of 2.5 to 3.5 m with sufficient 

accuracy can be determined both by the classical 

method according to E. M. Lobanov and by the 

method of HCM. In further comparative analysis 

we will use the data of E. M. Lobanov. 
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Fig. 2. Percentage deviation of the calculation 

data of the saturation flow of one lane ac-

cording to the classical method in relation to 

the method of HCM: 1 – calculation accord-

ing to the data of Yu. A. Kremenets; 2 – cal-

culation according to E. M. Lobanov 

 

For a group of lanes in the classical method, 

the ideal saturation flows are calculated regard-

less of the number of lanes by formula (7). 

The adjusted classical method and the HCM 

method suppose preliminary definition of num-

ber of lanes on the road with several lanes and 

calculation of an ideal saturation flow by the 

formula:  

 

0 0L wS S f n   ,                   (18) 

 

where n – the number of lanes for traffic in this 

direction. 

Figure 3 shows the values of ideal saturation 

flows calculated by different techniques. 

According to the calculations, the values of 

the ideal saturation flow, determined by the 

classical and adjusted classical methods, coin-

cide well enough if the width of the lanes ex-

ceeds 3.5 m. With a smaller width of lanes, there 

is a good coincidence of the calculated values 

obtained by the classical adjusted method and 
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the method of HCM – the deviation between 

them does not exceed 2 %.  
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Fig. 3. The value of ideal saturation flows de-

pending on the width of the road, calculated 

by different methods: 1 – calculations by the 

classical method; 2 – calculations according 

to the classical adjusted method; 3 – calcula-

tions according to the method of HCM 

 

At the same time, the discrepancy between 

the values of ideal saturation flows determined 

by the classical method and the HCM method is 

much larger, and if the width of lanes is 2.5 m 

reaches 20 %. If the lanes width exceeds 3.5 m, 

both the classical method and the classical ad-

justed give inflated values of ideal saturation 

flows and if the width of lanes is 4.5 m, the ex-

cess relatively to the method of HCM is 10–

15 %. 

Calculations of ideal saturation flows by all 

methods give a good coincidence of data if the 

width of lanes in the group is 3.5-3.75 m. Hav-

ing in mind the global trend to reduce the width 

of lanes in cities, which is also declared in DBN 

B.2.3-5:2018 "Streets and roads of settlements" 

[24], calculations of ideal saturation flows of 

groups of lanes, the width of which does not 

exceed 3.5 m, should be done according to the 

adjusted classical method, or the method of 

HCM. 

The values of the coefficient that takes into 

account the approach grade fg by the classical 

method were calculated according to formula 

(10), by the method of HCM – according to the 

formula: 

 

1
200

g

g
f   ,                      (19) 

 

where g – approach grade, ‰. 

At approach grade of 40 ‰, which are quite 

common in urban conditions, the deviation ex-

ceeds 10 % (Fig. 4). 
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Fig. 4. Deviation of the coefficient values which 

takes into account the influence of the ap-

proach grade, calculated by the classical 

method relative to the values obtained by the 

method of HCM 

 

Considering that studies of the effect of ap-

proach grade on the saturation flow, published 

in [20] were conducted much later than studies 

that gave us calculation formula (10) [22, 23]. 

Calculations, in our opinion, should be per-

formed by the method of HCM. 

The classical method does not take into ac-

count the presence of heavy vehicles in traffic 

flow, believing that the saturation flows, both 

ideal and real, are determined in the given cars 

per hour. However, the reduction factors [23, 

25] take into account the overall dimensions of 

vehicles, but do not take into account their dy-

namic qualities. The HCM methodology rec-

ommends additionally take into account these 

parameters and calculate the impact of heavy 

vehicles on real saturation flows. 

According to the calculation, each percentage 

of heavy vehicles in the traffic flow will reduce 

the real saturation flow by about 1 %. Thus, in 

our opinion, if the number of heavy vehicles 

exceeds 5 %, their impact on the real saturation 

flow should be taken into account. 

When calculating the saturation flows, the 

share of the roadway width occupied by cars 

parked near the sidewalks is not taken into ac-

count. Therefore, the classical method neglects 

the influence of parking. However, cars maneu-

vering for the purpose of entering or exiting a 

street car park create obstacles to the flow mov-

ing along a group of lanes along which street car 

parks are permitted. In the HCM method, based 

on the study of delays created by cars parked on 

the roadway at a distance closer than 75 m from 

intersections, the value of the coefficient de-

pends on the number of parking spaces per hour, 

as well as the total number of lanes on the road-

way: 
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where п – number of lanes in lane group on the 

approach of intersection; 

         Nm – number of parking, maneuvers/h.  

On a road with two lanes, one of which is 

occupied by a parking lot, already at 100 ma-

neuvers per hour the saturation flow in the adja-

cent lane is reduced by 30 %. Even on a road 

with four lanes, on three intended for traffic, the 

real saturation flow is reduced by 15 % with the 

same number of maneuvers. It is necessary to 

take into account the influence of street parking 

on the flow of saturation, if they are near the 

intersection. 

The classical method does not take into ac-

count the effect of the presence of public 

transport stops near the crossroads on the satura-

tion flow. However, the presence of stops, as 

well as parking at a distance of less than 75 m 

on both sides of the intersection, according to 

the HCM significantly affect the real saturation 

flow and the impact factor is calculated:  
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 ,                (21) 

 

where nb – number of buses stopping/h. 

If the number of stops per hour on two lanes 

road is equal to 100, the coefficient fbb = 0.8 and 

the saturation flow decreases by 20 %. On a 

road with four lanes fbb = 0.9 and the saturation 

flow decreases by 10 %. 

Considering that in the cities of Ukraine bus 

and trolleybus stops are located in the immediate 

vicinity of the intersection, their impact on the 

saturation flow should be taken into account. 

The HCM method, in contrast to the classical 

one, recommends to reduce the estimated satura-

tion flow by 10 % for the central, historical and 

business districts of cities, thus additionally 

taking into account the set of narrow streets, 

small turning radii, large number of pedestrians 

and others. 

The need to take this factor into account de-

pends on the historical and transport planning of 

the city and in each case is assessed separately. 

If there are two or more lanes for traffic in 

one direction, the HCM method recommends 

reducing the value of the total saturation flow of 

a lanes group by 5 % due to the uneven distribu-

tion of the number of vehicles in the lanes.  

The following should be noted: 

- in the areas between intersections, the une-

ven distribution of the number of vehicles in the 

lanes may exceed 5 %, but on the approach to 

the intersection, as evidenced by studies, their 

number is equalized; 

- saturation flows are calculated for a fully 

saturated phase and a small difference in the 

number of cars waiting in line cannot affect their 

value. 

Given the above, we believe that when calcu-

lating the saturation flows, taking into account 

the uneven distribution of vehicles in the lanes is 

impractical. 

When turning flows (left-turning) move from 

one selected lane without conflict with the oppo-

site flow, the classical method assumes that the 

saturation flow depends on the turn radius of the 

car and recommends calculating the impact fac-

tor fT for single-row motion according to (11). 

The HCM technique considers that the main 

factor influencing the saturation flows is the 

maneuver time, which depends on the turning 

radius and the speed of movement, which in-

creases with increasing radius. Therefore, it is 

recommended to take the values of the coeffi-

cients of influence as a constant value: for left- 
turning flows (R=15–25 m) fLT =0.95; for right-

turning (R=5–15 m) fRT = 0.85. The difference 

between the values of the coefficients of influ-

ence of the turn flows from the selected lane on 

the saturation flows, determined by the classical 

method, relative to the method of HCM are 

shown in Fig. 5. 
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Fig. 5. Percent discrepancy of values of 

coefficients of influence of turning flows 

from the dedicated lane on saturation flows, 

defined by a classical technique, concerning 

the HCM technique: 1 – turns to the right;  

2 – turns to the left 

 

When turning to the right, the values of the 

coefficients coincide well with a turning radius 

of 10 m, when turning to the left – with turning 

radii of more than 20 m. Such radii are the most 

typical for urban conditions. However, to pro-

vide recommendations on which technique 

should be used for other values of the turning 

radius, it is necessary to conduct additional re-

search. The same is observed when we have 

right-turning traffic flows. 
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If the left-turning traffic flow is carried out 

from the distribution lane without conflict with 

the oncoming direct flow, then according to the 

classical method, the coefficient taking into 

account the influence of turns flows from the 

distribution lane fLT on the real saturation flow is 

calculated by formula (13), which in case of 

movement in this lane directly and to the left 

takes the form: 

 

100

1.75
Tf

a b


 
,                   (22) 

 

where a and b – the percentages of intensity, 

respectively, the direct direction of movement 

and those turning to the left of the lane, %. 

The HCM method recommends to calculate 

the coefficient of influence of the left-turning 

flow moving from the distribution lane without 

conflict with the oncoming flow by the formula:  

 

1

1.0 0.05
LT

LT

f
P


 

,           (23) 

 

where РLT – proportion of left turns in lane 

group. 

The influence of left-turning flows moving 

from the distribution lane without conflict with 

the oncoming flow on the coefficient of reduc-

tion of the ideal saturation flow by the HCM 

method is much smaller than by the classical 

one (Fig. 6). 
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Fig. 6. Percentage discrepancy between the val-

ues of the coefficients of influence of the 

turning flows from the distribution lane on 

the saturation flows, determined by the clas-

sical method, relative to the method of HCM 

 

According to the classical method, the coef-

ficient that takes into account the influence of 

turning flows from the distribution lane on the 

real saturation flow is calculated by the formula 

(20). 

Analysis of formula (20) shows that it does 

not take into account the presence of traffic on 

the oncoming lanes and their intensity. 

According to the research presented in [20], 

the intensity of movement in the oncoming 

group of lanes of the main direction significantly 

affects the real saturation flow of the distribution 

lane (group of lanes). 

The HCM method recommends determining 

the real saturation flow taking into account not 

only the share of left-turn flow, but also the 

intensity of the oncoming flow, the number of 

lanes in the group from which the left turn is 

done and the number of lanes in the opposite 

direction. The calculation procedure is quite 

complex and to simplify it in [26] nomograms 

are given to determine the coefficient of influ-

ence of left-turn flows from the distribution lane 

and the conflict with the oncoming flow of fLTc 

depending on the factors that were mentioned 

above. As an example, we calculated the values 

of the coefficient of influence of the left-turn 

flows using the following initial data: the num-

ber of distribution lanes with the left turn – 1, 

the number of lanes in the opposite direction – 

1, the share of left-turn flow varies from 25 % to 

95 %, the intensity of the opposite conflicting 

flow varies from 100 to 700 veh/h. (Fig. 7).  
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Fig. 7. The value of the influence coefficients of 

the share of the left-turn flow from the distri-

bution lane on the saturation flow: solid lines 

– calculations by the method of HCM: 1 – at 

the intensity of the oncoming flow 100 

veh/h; 2 – 300 veh/h; 3 – 500 veh/h; 4 – 700 

veh/h; dashed line – calculation according to 

the classical method 

 

Data on the values of the influence coeffi-

cient of the share of the left-turn flow from the 

distribution lane, calculated by the classical 

method and the method of HCM coincide quite 

well with a small intensity of the oncoming flow 

(about 100 veh/h). As the intensity of the on-

coming conflicting flow increases, the discrep-

ancy between the values of the coefficients in-

creases. 

It should be noted that the calculations ac-

cording to the method of HCM are valid at the 

total traffic intensity along the distribution lane, 
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which does not exceed 480 veh/h. At higher 

values of the total intensity and the share of left-

turn flows 25 %, the number of cars that are 

making turn will exceed 120 veh/h, and in this 

case, according to current specifications [22] it 

is necessary to define a separate lane for left-

turn flows. Additional studies must be done to 

estimate the impact of left-turn flows, which are 

less than 25 %. 

According to the classical method, the coef-

ficient that takes into account the influence of 

turning flows from the distribution lane fd,r on 

the real saturation flow is calculated by formula 

(13), which is for the case of movement in this 

lane directly and to the right takes the form: 

 

,

100

1.25
d rf

a c


 
,                  (24) 

 

where с – the percentage of the total flow inten-

sity that turns to the right from this lane, %. 

The HCM method recommends to determine 

the saturation flow reduction coefficient of the 

distribution lane if there are of right-turn flows 

according to the formula: 

 

1.0 0.15RT RTf P   ,             (25) 

 

where РRT – proportion of right turns in lane 

group. 

According to the HCM method, this effect is 

smaller than according to the classical one, 

which can be explained by the better dynamic 

qualities and stability of modern cars. This dis-

crepancy increases with increasing relative 

number of cars turning right, but even their 

share is 70 %, it does not exceed 5 % (Fig. 8). 
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Fig. 8. Percentage discrepancy of the influence 

coefficient of the right-turn flow on the satu-

ration flows of the distribution lane, deter-

mined by the classical method, relative to the 

method of HCM, depending on the share of 

the turn flow 

 

The classical technique does not take into ac-

count the obstacles created by pedestrians to the 

cars turning left or right. 

Many years of research in the field of 

transport in the United States have established 

the effect of this parameter on the saturation 

flow for different traffic management schemes 

at a signalized intersection [20]. 

The results of these studies and the algorithm 

for determining the impact coefficients of pedes-

trian flows by a special procedure using 

nomograms are also published in ODM 

218.2.020-2012 [26]. 

The technique allows to determine the value 

of the influence coefficient of pedestrian flows 

with intensity from 100 ped/h up to 1000 ped/h 

on the saturation flow in the following cases: 

– the movement of the left-turn flow from the 

selected lane without conflict with the oncoming 

flow; 

– movement of the left-turn flow from the 

distribution lane without conflict with the on-

coming flow; 

– the movement of the left-turn flow, the 

share of which is from 25 % to 75 %, from the 

distribution lane with a conflict with the oppo-

site flow intensity from 0 to 1000 veh/h. 

The organization of traffic on the signalized 

intersection, when the left-turn flow returns 

from the selected lane without conflict with the 

oncoming and at the same time conflicts with 

the pedestrian, the edge is rare (for example, in 

one-way traffic). However, the influence of 

pedestrian flows on the value of fLPed is better 

illustrated in this case (Fig. 9). According to the 

given data, even at an intensity of pedestrian 

traffic of 250 ped/h the saturation flow is re-

duced by almost half, and at values close to 

1000 ped/h is only 20 % of the ideal. 
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Fig. 9. Graph of the dependence of the coeffi-

cient fLPed on the pedestrian flow intensity in 

the case when the left-turn flow turns from 

the devoted lane without conflict with the 

oncoming flow  
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The organization of the left-turn flow move-

ment at the signalized intersection from the dis-

tribution lane without conflict with the opposite, 

oncoming flow takes place in some cases, for 

example, in one-way traffic. With increasing 

intensity of pedestrian traffic, as well as the 

share of left-turning flow, the value of the coef-

ficient fLPed decreases (Fig. 10). 
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Fig. 10. Graph of the dependence of the coeffi-

cient fLPed from the pedestrian flow intensity 

in the case when the left-turn flow turns from 

the distribution lane without conflict with the 

oncoming flow. The share of left-turn flow:  

1 – 25 %; 2 – 50 %; 3 – 75 % 

 

Left-turn traffic from the distribution lane is 

usually done in conflict with the oncoming flow 

of vehicles. In this case, the saturation flow is 

simultaneously affected by both: the intensity of 

the oncoming flow and the pedestrian flow. 

In this case, the greater the intensity of the on-

coming flow and its effect on the saturation 

flow, the smaller the effect of pedestrian flow 

(Fig. 11). Increasing the share of left-turn flow 

increases the influence of pedestrian flow on the 

saturation flow. 
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Fig. 11. Dependences of the coefficient fLPedc 

from the intensity of pedestrian flow with a 

share of left-turn flow of 25 % with a conflict 

with the oncoming flow. Intensity of the on-

coming flow: 1 – 600 veh/h; 2 – 400 veh/h; 

3 – 200 veh/h 

If the turn to the right is done from the distri-

bution lane, the coefficient taking into account 

the influence of pedestrian flows also depends 

on the share of the right-turn flow on the total on 

the lane, or a group of lanes (Fig. 12).  
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Fig. 12. Dependences of the coefficient fppish 

on the intensity of pedestrian flow with the 

share of right-turn flow 25, 50 and 75 % of 

the total on the lane. The share of right-turn 

flow: 1 – 25 %; 2 – 50 %; 3 – 75 % 

 

In case of right turn from the devoted lane, 

the value of the coefficient that takes into ac-

count the obstacles created by pedestrians de-

pends only from the intensity of pedestrian flow. 

The reduction coefficients of the saturation flow 

in this case are the same as in the case of left-

turn flow from the devoted lane (Fig. 9). 

 

Conclusions 

The analysis identified three main methods 

for determining saturation flows: classical, clas-

sical adjusted, and the method recommended in 

the Highway Capacity Manual (HCM). The 

classical method of determining ideal saturation 

flows does not take into account the lane width 

and a number of parameters that affect the real 

saturation flow. The adjusted classical method 

takes into account the lane width, but in case of 

determining the real saturation flows does not 

differ from the classical one. The method rec-

ommended by the HCM allows to take into ac-

count a significant number of parameters that 

affect the real saturation flow. 

Determination of ideal saturation flows of 

one lane with a width of 2.5 to 4 m can be done 

both by the classical method (according to 

E. M. Lobanov) and by the method of HCM. 

Determination of ideal saturation flows of 

groups of lanes should be done according to the 

classical adjusted method, or according to the 

method of HCM. Calculations by the classical 

method give the same results only if the width of 

the lanes is 3.75 m. At smaller values of the 
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width of the lanes, the deviation in the calcula-

tions can reach 20 %. 

The most significant factors in determining 

the real saturation flow are the intensity of the 

oncoming flow and pedestrian flows, which 

according to the classical method are not taken 

into account. 

Quantitative values of influence coefficients 

in determining the real saturation flows require 

additional research and refinement for domestic 

conditions.  
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Порівняльний аналіз методів визначення 

потоків насичення 

Анотація. Проблема. Пропускна спроможність 

регульованих перехресть визначається поняттям 

«потік насичення» – головною характеристикою 

в процесі їхнього аналізу, проєктування та розра-

хунку. Робота присвячена вирішенню науково-

прикладного завдання підвищення ефективності 

функціонування регульованого перехрестя в од-

ному рівні за рахунок вибору раціонального для 

даних характеристик транспортних потоків, 

геометричних параметрів перехрестя та 

інфраструктури в його районі, методу визначен-

ня потоків насичення. Предметом дослідження є 

вплив основних характеристик транспортного 

потоку, параметрів та інфраструктури пере-

хрестя на величину потоку насичення. Мета. 

Метою роботи є аналіз впливу основних харак-

теристик транспортного потоку, параметрів 

та інфраструктури перехрестя на величину по-

току насичення. Методологія. Розрахунок ре-

жиму регулювання на перехресті основано на 

визначенні співвідношення між інтенсивністю 

руху транспортних засобів на перехресті й вели-

чиною потоку насичення, значення якого 

змінюється під впливом низки факторів. 

Аналітичний розрахунок значення потоку наси-

чення базується на використанні коректуючих 

коефіцієнтів, що враховують вплив цих 

факторів. Результати. У роботі проведений 

аналіз методів визначення потоків насичення; 

виконаний порівняльний аналіз визначення 

ідеальних потоків насичення за різними метода-

ми; здійснений порівняльний аналіз визначення 

коефіцієнтів корекції потоку насичення для 

параметрів, що впливають на нього; проведене 

оцінювання розбіжності в розрахунках 

коефіцієнтів корекції потоків насичення за 

різними методами; уточнений перелік 

коефіцієнтів, які необхідно враховувати у 

визначенні їхнього впливу на потік насичення. 

Оригінальність. На відміну від класичного та 

інших підходів до визначення потоку насичення, 

метод, рекомендований американським 

«Керівництвом щодо пропускної спроможності 
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доріг», враховує більше параметрів впливу. За-

пропоновано в процесі розрахунку потоку наси-

чення використання цього методу, але з уточне-

ним переліком коефіцієнтів, що необхідно врахо-

вувати в розрахунках. Практичне значення. 

Результати роботи можуть бути використані в 

практиці підвищення ефективності функціо-

нування регульованих перехресть на ділянках 

вулично-дорожньої мережі міст, а також у 

подальших наукових дослідженнях із цієї тема-

тики. 

Ключові слова: потік насичення; регульоване 

перехрестя; вулично-дорожня мережа; метод. 
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