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3. Mobility
4. Conflict points
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1. Congestion
2.Unconventional designs
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5. Gap
6. Protected
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9. Direct and indirect left turn
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8. Right turn followed by u-turn (RTUT)
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12. Free Flow Speed (FFS)
13. Headway factor
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1. Introduction

U-Turns are important and unconventional tools for the improvement of highway mobility. In some cities
of Iran, signalized intersections were replaced by mid-block median u-turns which have different functions and
configurations from foreign counterparts as the followings:

1. Generally, only left turns are diverted to u-turn. However, in Iran, even minor street through is directed

to u-turns because the intersection has been blocked.

2. Vehicles of the minor street do not wait to merge into highway flow due to the provision of a relatively

large turning radius and shoulder lane,

3. U-turning vehicles do not incur a delay to merge into opposing highway flow due to the wide island

provided at the median opening that allows vehicles to merge protectively,

Local studies on the performance of u-turns led to controversial results since they did not apply a systematic
approach for accurate evaluation, studies were not conducted for peak and nonpeak periods, and the resultant
effects of eliminating delays at the intersection and spending more time for making a u-turn were not
considered simultaneously. Therefore a research project was conducted to evaluate performance of u-turns.
Since the main objective of constructing u-turns was to enhance the mobility and operations of a highway, this
study focuses mainly on the operational evaluation of the u-turns. The impacts of u-turns on fuel consumption
and emission were also studied.

2. Methodology

Recent studies have applied micro-simulation or operational models to assess the mid-block u-turns. In this
study, the previous state of the intersection was micro-simulated using SimTraffic. For micro-simulation, the
intersection geometry, volumes, lane group, signal phasing, and timing were defined in Synchro (Fig. 1).

Also, operational models were deployed to model the effects of u-turns on different movements at two
highway intersections (Chouapni and Shahi, 2009). Travel time models were used for vehicles that were
directed toward u-turns. Travel speed models were employed to extract the speed of the rest of the vehicles
(non-weaving vehicles). The models are as the followings:

TTir=0.0925WL+0.0027TH+0.0048MV+0.0037DV (1)
TTwmistu=0.1WL+0.0024TH+0.0064MV+0.0039DV 2)
Swasti= 0.610 FFS+0.040 WL+1.966 VR 3)
Snw=0.389 FFS + 0.041 WL + 5.183 VR (4)
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Fig. 1. Average hourly volume of movements (at high-volume period) and lane groups in: a) Bagheri-Golbarg, b) Bagheri-

Resalat intersections (in a work day in May, 2016)

Where

TTwr= average travel time of left turns (s)

TTwmistu= average travel time of minor street through (s)

Smastu= average travel speed of major street through (kmph)

Snw= average travel speed of non-weaving flows (kmph)

WL= weaving length (m)

TH= the total flow rate of vehicles approaching the minor street from left-side and the median opening from
right side (TH=TH1+TH2) (vph)

MV= the flow rate of vehicles that exit from the minor street and merge into the highway (vph)

DV=the flow rate of vehicles that diverge from highway and enter the minor street (vph)

FFS=free flow speed (kmph)
VR= volume ratio (flow rate of vehicles which can move freely in every lane to the flow rate of vehicles that are

subject to access specific lanes).
Three periods of time with high, medium, and low volumes were assessed. U-turns of Golbarg and Resalat

intersections located along Bagheri six-lane highway (in Tehran, Iran) where the cases of this study.

Fig. 2. A graphical representation of variables applied for operational modeling of u-turns

3. Results and discussion

The highway through travel speed rises by 35 (kmph), 30 (kmph), and 5 (kmph) at high, medium, and low
volumes, respectively. U-Turns installation enhances highway mobility at all hours of day. If all vehicles
crossing the intersection are considered, u-turns increase the travel speed of vehicles by 20 (kmph) at high and
medium volumes and decrease speed by 10 (kmph) atlow volumes. Our results demonstrate that as the volume
ratio of turning vehicles to the highway through vehicles rises, u-turns ability to improve highway mobility

rises.
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At Bagheri-Golbarg and Bagheri-Resalt intersections, fuel consumption declines by 1,623 and 4,244 liters
per day, though fuel consumption of vehicles travelling in Golbarg Street grows by 529, 471, and 2609 liters at
high, medium, and low volumes, respectively. Collectively, daily consumption rises by 1,269 liters (in Golbarg
Street).

CO and HC emissions drop at high and medium volume. The amounts of CO and HC emissions per each
second of travel increase at higher speeds. Hence, vehicles traveling in u-turns will produce more air pollutants
per each second of their travel. However, u-turns reduce the total travel times of vehicles and emissions. The
emissions of CO and HC at low volume and emission of NOX at whole levels of volume ascend.

4. Conclusions

In brief, when operations, fuel consumption, and emission at u-turns are regarded, u-turns have a strong
performance at high and medium volumes and poor performance at low volumes while they may have some
negative impacts (like further fuel consumption) on minor street vehicles. Furthermore, the geometric analysis
of u-turns demonstrates that there is a high risk of collision with islands and geometric elements of u-turns.
This resultis in concordance with recent studies that state the total amount of crashes increase by 13.2 percent
at u-turns.
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