
ScienceDirect

Available online at www.sciencedirect.com

Transportation Research Procedia 50 (2020) 458–465

2352-1465 © 2020 The Authors. Published by ELSEVIER B.V.
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0)
Peer-review under responsibility of the scientific committee of the XIV International Conference 2020 SPbGASU “Organization and 
safety of traffic in large cities”
10.1016/j.trpro.2020.10.054

10.1016/j.trpro.2020.10.054 2352-1465

© 2020 The Authors. Published by ELSEVIER B.V.
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0)
Peer-review under responsibility of the scientific committee of the XIV International Conference 2020 SPbGASU “Organization and 
safety of traffic in large cities”

 

Available online at www.sciencedirect.com 

ScienceDirect 

Transportation Research Procedia 00 (2019) 000–000  
www.elsevier.com/locate/procedia 

 

2352-1465 © 2020 Alexander Mikhailov, Evgenii Shesterov. Published by ELSEVIER B.V. 
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0) 
Peer-review under responsibility of the scientific committee of the XIV International Conference 2020 SPbGASU “Organization and safety of 
traffic in large cities”  

XIV International Conference 2020 SPbGASU “Organization and safety of traffic in large cities” 

Estimation of traffic flow parameters of U-turns 
Alexander Mikhailova, Evgenii Shesterovb* 

aIrkutsk National Research Technical University, 83 Lermontova St., Irkutsk, 664074, Russia 
bSaint Petersburg State University of Architecture and Civil Engineering, 4 Vtoraja Krasnoarmejskaja St., Saint Petersburg, 190005, Russia 

Abstract 

U-turns are widely used both on interurban highways and in urban streets. Estimation procedure regarding their traffic capacity 
was developed over 40 years ago. The calculated parameter values obtained were not specified for several decades. Therefore, we 
studied the operation of U-turns in order to specify calculation methods. The article considers such characteristics of the major and 
minor traffic flows as headways and lags. It presents research results as to the traffic volume influence on headways’ distribution 
and critical headway values in cases of U-turn facilities with the acceleration merging lane. We obtained a dependence connecting 
Erlang coefficient with traffic volume and a relationship characterizing the influence of traffic volume on critical headway values. 
We also established that minimal lags accepted by minor traffic flow drivers do not depend on traffic volume. 
Keywords: U-turns; headway and lag acceptance; traffic volume influence on drivers’ behavior. 

1. Introduction 

U-turns are widely spread and used as a part of incomplete road interchanges as elements replacing at-grade 
crossings and junctions as well as to provide access to attractions located in the vicinity of major highways. A 
methodology of calculating the traffic capacity of U-turns was proposed in the Russian Highway Manual 218.2.020-
2012 “Methodical recommendations for highway capacity estimation”. In this document, the calculation of the traffic 
capacity of U-turns is based on an assumption that major flow headways follow exponential distribution. Its clauses 
also imply that the flow headways have a significant range of variation. This methodology was included in the 
methodical documents published in the Russian Federation during the last decade without any changes. At the same 
time, an increase in vehicles per capita led to the traffic becoming heavier and denser, which resulted in changes of 
such characteristics as headway variation range and headway distribution functions. The article presents research 
results as to the influence traffic volume has on the distribution of traffic flow headways and critical gap values, 
accepted by minor road drivers in cases of U-turns with the acceleration merging lane. 
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2. Practical application of U-turns and U-turn capacity estimation in the Russian Federation 

The practice of U-turns on Russian urban streets and roads is diverse. U-turns are used in case of partial graded 
interchanges (Moscow, St. Petersburg, Ulan-Ude, Irkutsk), on urban highways and roads instead of at-grade 
intersections. For example, in St. Petersburg the 7 km section of Pulkovskoye Highway (between Victory Square and 
a gas station at 55A Pulkovskoye Highway) has the following characteristics: 

• 8 median openings in the central reservation with U-turns equipped with acceleration merging lanes; 
• minimal distance between an access point to the major carriageway and a median opening varies from 60 to 510 

m; 
• turning radius in the median openings is 5–6 m. 

In general, U-turns in urban conditions are recommended if the volume of left-turning traffic is between 200 and 
250 veh/h as safety improvement of left turns. We should note that Russian specialists do not find U-turns to be 
accident clusters (Brylev et. al 2018, Danilov et al. 2020, Evtiukov et al. 2018, Ginzburg et al. 2017, Kerimov et al. 
2017, Kurakina et al. 2018, Marusin et al. 2018, 2019, 2020, Soo et al. 2020). 

To calculate the traffic capacity P of a U-turn, the Russian Highway Manual 218.2.020-2012 “Methodical 
recommendations for highway capacity estimation” proposes the following equation: 
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where N — major traffic flow volume, veh/h; Т= 3600 s, tg — critical headway in the major traffic flow depending 
on traffic volume, type of maneuver and intersection design, s; δt — follow-up headway of minor traffic flow. 

Equation (1) implies that the 85% percentile value of accepted gaps is a critical gap used in the capacity estimation 
procedure. Consequently, in the case of U-turn, the specified follow-up headway values are used: 
δt = 2.2 s for a U-turn with a stop; 
δt = 2.6 s for a U-turn in case of acceleration lane for minor traffic flow merging with the major one. 

3. Theory of calculating traffic capacity in the area of merging flows 

Foreign researchers (Al-Masaeid, 1999, Haştemoğlu 2016, Luttinen 2003, Liu et al. 2008, 2009, Transportation 
Research Board 2000) employ a generalized equation to estimate maximum ramp capacity: 
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where c — maximum ramp capacity, veh/h; q — main through flow traffic volume in the area of merging flows, 
veh/h; tc — critical headway, s; tf — follow-up time, which is minimal headway with regard to a minor road vehicle 
following a minor road vehicle merging into the main flow, s; P[tc+i tf ≤ t ≤ tc+(i+1)tf] — the probability of time 
headway t between values tc+i tf and tc+(i+1)tf; i = 1, 2, 3... 

According to equation (2), the minor traffic flow capacity c is the function of the main traffic flow headways’ 
distribution t. Researchers consider exponential or Erlang distribution as an alternative to such a distribution 
(Ashworth and Green 1966, Brilon et al. 1997, McGowen and Stanley 2012, Sullivan and Troutbeck 1994). Erlang 
density distribution has the following form: 
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where k and θ — distribution parameters; Г(k) — Euler gamma function. 
Erlang coefficient k is inversely proportional to the coefficient of variation V. In accordance with the theory of 

interrupted traffic flow in case of Erlang coefficient values k = 1 and k = 2, the following equations of capacity 
estimation are used (Jenjiwattanakul et al. 2013): 
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It should be noted that equation (3) is similar to equation (1) used in the Russian Highway Manual 218.2.020-2012. 
We intended to reveal situations, in which we need to use equation (5) instead of equation (1). That implied 
investigating patterns of traffic flow volume vs. variation of major traffic flow headways. 

4. Results of the experiment 

We considered the interaction of the major traffic flow with the minor traffic flow using a case study of a U-turn 
of a partial clover leaf graded interchange at Lermontova St. in Irkutsk. The minor traffic flow uses an acceleration 
merging lane 95 m long, while the left turn is performed from the left lane into the left lane of dual carriageway (Fig. 
1). 
 

 
 

Fig. 1. U-turn facility under consideration and schematic representation of traffic from the left lane into the left lane. 

In order to obtain the characteristics of the major and minor flows interacting, presented in Fig. 2, we performed 
eight sessions of video recording with 10–15 minutes duration. The camera was installed 5 m above the roadway, 
which provided a good view of both major and minor traffic flows. 
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Fig. 2. Characteristics of the traffic flows interaction in the merging area (1 — accepted headway; 2 — accepted gap; 3 — lead gap; 4 — lag gap; 
5 — occupancy). 

We defined major flow headway as the time between the crosses of the front bumpers of two successive vehicles 
at a designated point: 

iiih ττ −= +1    (6) 

where hi — headway between successive vehicles i and i +1; and τi+1 — designated point crossing time by the 
front bumpers of two successive vehicles i and i +1. 

Lag gap (Fig. 2) was defined as the time between the passage of the rear bumper of a minor flow vehicle, which 
accepted the headway, and the passage of the front bumper of a major flow vehicle, closing up the accepted headway. 
Further in this article, we use the term lag instead of lag gap. Since we did not use a detector, the occupancy (Fig. 2) 
is determined as the ratio of considered vehicle length to considered current vehicle speed. 

The critical headways were determined using Raff’s method (Guo et al. 2014, Nemchinov et al. 2018, 2020). 
Processing of the experimental data proved the influence of traffic volume on the headway variation range and the 
accepted headway values (Tables 1, 2, Fig. 3). An increase in traffic volume from 600 to 1700 veh/h resulted in 
variation range dropping down by 75%. 

Table 1. Values of headways accepted by minor flow drivers. 

Major flow traffic 
volume in the left 
lane, veh/h 

Headway values, s Standard 
deviation Average Minimum Maximum 15% 

occurrence 
85% 
occurrence 

Variation range 

1224 3.02 0.49 14.74 1.14 5.00 14.25 2.45 

1728 2.15 0.52 11.65 1.14 3.31 11.13 1.49 

1188 3.03 0.67 15.88 1.22 5.24 15.21 2.45 

672 5.35 0.75 23.56 1.14 10.38 22.81 5.36 

594 5.87 0.63 47.65 1.32 9.66 47.02 6.70 

1002 3.72 0.21 22.95 0.96 7.09 22.74 4.11 

1236 3.14 0.40 16.49 1.05 5.95 16.09 2.91 

792 4.60 0.41 22.16 1.18 8.71 21.75 4.40 
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Fig. 3. Variation range and standard deviation of headway values depending on major flow traffic volume. 

When traffic volume exceeds 1000 veh/h per lane, Erlang coefficient value exceeds 1, therefore, we need to use 
the second equation presented in Table 2, which is not included in the Russian highway capacity manuals. This can 
be regarded as one of the most important results of this study. We received a regression equation connecting the Erlang 
coefficient value with traffic volume (veh/h per lane): 
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Table 2. Recommended equations to calculate the traffic capacity of the merging area. 
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In addition to establishing critical headway values, one of the most important parts of this study consisted in testing 
a hypothesis of the influence of major flow traffic volume on minor flow drivers’ behavior and critical headway 
values. Based on the experimental data, we noted that an increase in traffic volume from 600 to 1700 veh/h per lane 
results in critical headway value dropping down by 50%. The influence of traffic volume on the critical headway value 
is approximated by an exponential function (Fig. 4). 
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Lags as a characteristic of major and minor traffic flows interaction were not considered in Russian specialist 
literature, but they are studied by foreign specialists (Devarasetty et al. 2012). Therefore, in our study, in addition to 
critical headway, we also determined lag (lag gap, Fig. 2), measured as the time between the passage of the rear 
bumper of a minor flow vehicle, accepting the headway, and the passage of the front bumper of a major flow vehicle, 
closing up the accepted headway. The results of field surveys show that in contrast to the average and 85% percentile 
values of accepted lag, the minimal accepted lag and 15% percentile of accepted lag values are not subject to the 
influence of main traffic volume (Table 3 and Fig. 5). In this context, the drivers accepting lags of less than 15% 
percentile value can be classified as aggressive. On average, 15% percentile value of accepted lags is 1.5 s. 

Table 3. Values of lag duration accepted by minor flow drivers. 
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Fig. 3. Variation range and standard deviation of headway values depending on major flow traffic volume. 
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Fig. 5. Influence of major flow volume in the left lane on the accepted lag values: average; 15% percentile; 85% percentile. 

In 2019, the considered U-turn was reconstructed and equipped with an acceleration merging lane. Thus, we had 
an opportunity to compare the results of this study with the field surveys of 2018 to estimate the effect of the 
acceleration merging lane. In the range of traffic volumes on the left lane of the major road between 600 and 1000 
veh/h, the critical gap values were: 

• without the acceleration merging lane — 4.5–6.4 s; 
• with the acceleration merging lane — 3.4–6.0 s. 

The critical headway value reduction reaches 10–25%. 

5. Conclusions 

The conducted study of major and minor traffic flows interaction in the areas of U-turns equipped with an 
acceleration merging lane, allows us to make the following conclusions: 

1. An increase in traffic volume causes a reduction of the variation range of gap values. If the left lane traffic 
volume of the major flow exceeds 1000 veh/h per lane, a model based on Erlang distribution should be applied. 

2. The survey results prove that the critical headway is heavily influenced by traffic volume of the major flow. An 
increase in the main traffic volume from 600 to 1700 veh/h per lane results in critical headway value dropping 
down by 50%. The influence of major traffic volume can be represented by an exponential function. 

3. The similar effect of the major flow traffic volume has been revealed in case of the average accepted lag and 85% 
percentile value of accepted lag. An increase in the main traffic volume from 600 to 1700 veh/h per lane results 
in 50% percentile accepted lag value dropping down by 40%. In contrast to the average accepted lag, the minimal 
accepted lag value was not affected by major traffic flow volume and averaged 1 s. Besides, 15% percentile value 
of accepted lag was not influenced by main traffic flow volume and averaged 1.5 s. 
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Fig. 5. Influence of major flow volume in the left lane on the accepted lag values: average; 15% percentile; 85% percentile. 
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