
Vol 13, Issue 03, MARCH/2022 

ISSN NO:0377-9254 

PageNo:499 www.jespublication.com 

 

 
 

                                                                                                                                                                  

DEVELOPMENT OF CAPACITY AND DELAY MODEL OF  

U-TURNS AT UNCONTROLLED INTERSECTIONS 

Akhila K1, Ibrahim MD2, Manjusha P3 and Govindaraju Anand4  

1Mtech Student (19S11D2201), Dept. of Civil Engineering, MRITS college, JNTUH University, India 
2Assistant Professor, Dept. of Civil Engineering, MRITS college, JNTUH University, India 
3Assistant Professor, Dept. of Civil Engineering, MRITS college, JNTUH University, India 

4Professor, Dept. of Civil Engineering, MRITS college, JNTUH University, India 

 

ABSTRACT 

Un-signalized median openings have become more common in India's urban regions. The majority of India's 

median openings are uncontrolled and Un-signalized intersections. The goal of this study is to develop a 

procedure for developing the capacity and Delay of U-turn movement at the median openings. Data was 

collected at three selected median openings in the city of Hyderabad. Data was collected using video 

recording techniques at the selected sections which are free from the gradient, on-street parking, pedestrian 

movement, and non-motorized vehicles. Normally, the speed of conflicting streams is relatively high and the 

requiring turning vehicle must wait for the accepted gap and then turn under low-speed level. Therefore, the 

turning vehicle must wait for an accepted gap in the conflicting stream before performing a U-turn. In fact, the 

little studies contain procedures and models for estimating capacity and delay for different movements at Un-

signalized intersections. In this study, an empirical approach was being used to estimate the capacity and 

delay of U-turn movement at median openings of divided arterials. In this studies which contain procedures 

and Models for calculating capacity and delay for various movements at un-signalized junctions. The 

empirical approach using regression analysis was adopted to estimate the predictive equation for U-turn 

capacity and investigate the effects of different relevant factors that might affect the estimated capacity. A 

linear regression model was recommended as a relationship between the capacity and conflicting traffic flow, 

the average total delay of the turning vehicles, and the conflicting traffic flow. VISSIM software was used to 

develop a U-turn model and simulate the model. The Chi-square test was used to compare delay, travel time, 

and queue length using real and simulated data. In this project, I built a capacity and delay model for chosen 

intersections in Hyderabad city, and a microscopic simulation model for the same is being constructed by 

using VISSIM Software. 

Key words: U-turn, Un-signalized, Simulation, Intersections, capacity, conflicting traffic flow, Traffic delay, 

Travel time, and VISSIM. 

1.INTRODUCTION  

 A U-turn is turning a vehicle onto a street that goes in the opposite direction. Drivers make U-turns to go 

back in the direction they arrived. In line with the worldwide trend, India is experiencing rapid urbanization 

and has witnessed tremendous growth, resulting in a rapid increase in vehicular traffic. Over the last two 

decades, an increasing number of state transportation departments and local transportation agencies have 

begun to create non-traversable medians and directed median openings. The purpose of using non-traversable 

medians openings is to eliminate safety problems associated with left turns and crossing movements. The 

major purpose of capacity modeling of U-turn median opening is to develop the useful relationship between 

capacity and a set of traffic and geometric characteristics. Traditionally, the operational performance of a 

minor movement of traffic at an un-signalized section can be estimated using analytical models, such as those 

provided by the Highway capacity manual (HCM). HCM models can be used to estimate delay and travel time 
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for the different driveways of minor movements at the un-signalized intersections. Making a U-turn at a 

median opening is particularly difficult and risky when compared to turning maneuvers at intersections. 

Normally, the speed of conflicting traffic streams is relatively high and the turning vehicle must wait for the 

accepted gap and then turn under low-speed level. Therefore, the turning vehicle needs a large gap in the 

conflicting stream before performing the U-turn. The little studies contain procedures and models for 

estimating capacity and delay for different movements at un-signalized intersections. In this study, an 

empirical approach is used to estimate the capacity of U-turn movement at median openings of divided 

arterials. Very little studies were available for traffic operation at U-turn median openings. Using the 

empirical approaches, AL-Masaeid identified specific guidelines for estimating capacity and delay models of 

U-turn movements at median openings. He found that capacity and delay were significantly influenced by the 

conflicting flow, that the predictive capacity model had Exponential form, while the delay relationship had a 

Linear form. As a supplement to the HCM analytical models, traffic engineers and designers often rely on 

traffic simulation techniques to compare different design alternatives and to convey the need for implementing 

indirect left-turn treatments in practical engineering applications. In past years, traffic simulation techniques 

have been used extensively to study the performance of various minor movements at un-signalized 

intersections. However, the use of traffic simulation techniques to analyze U-turn movements at un-signalized 

intersections with non-traversable median cross sections. The U-turn median openings have different of speed 

can cause delays and queuing in the U-turn area. The evaluation of the delay and travel time will provide to 

know the performance of the U-turn median opening. There has been considerable number of studies 

conducted concerning the safety effect of U-turns. However, relatively fewer studies are available concerning 

the operational effects of U-turn movement. Current concerns with regard to capacity, delay and travel time 

effects of U –turn movement.   

2. LITERATURE REVIEW  

Prime J. Ramadhona et al. (𝟐𝟎𝟏𝟗) [1] investigated the performance of U-turn effects at median openings on a 

Urban street. Data was gathered from four median openings evaluated traffic delay queue length and average 

travel speed under current conditions and concluded that the longest queue length was around 200m and the 

delay was nearly 25s. Binggen Zhang et al. (𝟐𝟎𝟏𝟔) [2] developed a capacity for midblock median U-turn 

opening based on sectioning method by way of dividing the roadway into 3 sections. capacity estimation of U-

turn and regression model was developed. Highway Capacity Manual (𝐇𝐂𝐌 𝟐𝟎𝟏𝟔) [3] The volume of travel 

and the extent to which a transportation facility or service is used Quality of travel, user’s perception of travel 

on a transportation facility or service with respect to their expectations; Accessibility refers to the ease with 

which travelers can participate in desired activities.  Capacity refers to a transportation facility's or service's 

ability to meet the volume of travel demanded of it. Balaji et al. (𝟐𝟎𝟏𝟑) [4] reported that as the vehicle shifts 

towards the center of a two-lane road there is an increase in the speed of the vehicle. All the previous studies 

on the placement of vehicles were carried out for straight moving traffic. No study has been carried out to 

know the lateral placement of U-turning vehicles which is very essential for the identification of conflict zone 

at the median opening. 𝐒𝐡𝐮𝐤𝐥𝐚 𝐚𝐧𝐝 𝐂𝐡𝐚𝐧 (𝟐𝟎𝟏𝟏) [5] studied the behavior of traffic flow on four-lane 

divided highways and developed a simulation model for traffic with non-lane discipline. Mathew and Radha 

Krishnan, (𝟐𝟎𝟏𝟎) [6] also calibrate the VISSIM model for mixed traffic flow at urban intersections. Several 

other studies in the literature have described the performance of VISSIM software in comparison to other 

software.  

3. RESEARCH METHODOLOGY 

To accomplish the objective of the study, three median openings located in Hyderabad city were selected in 

the areas of Ecil, Uppal, Hayatnagar. The methodology includes identifying the traffic operational conditions 
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of U-turn at Un-signalized intersection and finding the problems faced earlier. Developing capacity and delay 

models and its objectives are defining accordingly. After defining the objective, the study location has been 

selected to record the required data like Traffic volume, conflicting flow and speed. There are various 

methods the data was collected using Video-graphic survey for calculating the data. In this study, both 

empirical and simulation approaches were adopted to estimate capacity and delay of U-turn median openings. 

In the empirical approach linear regression analysis was performed to develop an empirical relationship for 

estimating capacity and delay of U-turn at median openings. Developing a U-turn model and Simulating by 

VISSIM. By using observed delay and predicted delay chi-square test will be performed using both observed 

and predicted data. 

 4. SELECTION OF U-TURN AND DATA COLLECTION 

The phenomenal increase in the growth of vehicles has created considerable traffic problems. It is facing the 

peculiar problem of combined traffic conditions were 2- Wheeler, 3-wheeler, cars, buses, LCV and HCV.U-

turn traffic is one of the vehicle merging issues for two-vehicle streams. At an un-signalized intersection, the 

most common merging behavior occurs at the speed of the vehicle. The selection of these locations width at 

the median openings has a significant impact on vehicles making U-turn movements, resulting in delays, 

safety issues, and congestion. For the purpose of this study, Data were collected at three median openings in 

urban areas using video-graphic technique. Field data were collected about one hour in the locations of Ecil, 

Uppal, Hayatnagar. The data collected for analysis is the traffic volume data. The traffic volume data is 

collected for Ecil, Uppal and Hayatnagar U-turn at Un-Signalized intersection by video-graphic survey. Data 

collection can be done at the junctions manually or video-graphically for a stretch of time interval. The Video-

graphic mode captures data continuously without any interruptions. Video– graphic data were collected during 

the morning 9 am to 10 am and evening hours 6 pm to 7 pm. We adopt a manual method for data extraction. 

The video-graphic data were collected and extracted through the Indirect manual method. We play the video 

frame by frame for 15 minutes’ time Intervals in this indirect manner, and the data is recorded in a template.  

 

Figure 1 Typical layout of a median opening 

 

 5. DATA ANALYSIS AND RESULTS 

The video-graphic data collected from the site location is analyzed by playing the video for observed at one-

hour count interval of data from the field in the datasheet for the selected locations of Ecil, Uppal and 

Hayatnagar locations in the Hyderabad city. This table includes the proportion of U-turning vehicles (veh/hr) 

and proportions of through vehicles (veh/hr) including 2-wheelers, 3-wheelers, 4-wheelers, Heavy commercial 

vehicles, (Hcv), and others (Bicycles). 
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For the purpose of this study, two sets of data were collected in Hyderabad city. The first set of data was 

collected to develop an empirical relationship for estimating capacity of U-turn at median openings. The 

second set of data was collected to develop an empirical relationship for estimating delay of U-turn at median 

openings. 

These sets included data on capacity of turning stream, oncoming traffic flow (conflicting traffic flow), traffic 

speed on the approach of the conflicting traffic and average total delay. These data were observed at one –

minute intervals. The 60 observations were taken at each location of one minute intervals were calculated.  

Based on the Al-Masaeid conducted a study on the capacity of U turns. In Al-study, Masaeid's regression 

models were developed to estimate the capacity and delay of U-turn movement at median openings and to 

investigate the effect of various relevant factors that might affect the estimated capacity and delay.   

C=1545-79𝒆
𝒒𝒄

𝟏𝟔𝟎𝟎 

Where C denotes the capacity of U-turn movement at a median opening (veh/hr), and qc denotes the opposing 

traffic flow (veh/hr); and 

TD=6.6𝒆
𝒒𝒄

𝟏𝟐𝟎𝟎 

 Where TD represents the average total delay for U-turning vehicles at a median opening (s), and q_c 

represents the conflicting traffic flow (veh/hr). 

The required traffic data were collected at different uncontrolled median openings of four-lane divided urban 

roads in Hyderabad city. Data were gathered in the field using both manual and video recording techniques. 

The video-graphic data is the Real-time data, it has to be processed and analyze the development of Delay 

models.  

5.1 AVERAGE COMPOSITION OF TRAFFIC VOLUME COUNT AT DIFFERENT SECTIONS OF 

SITE LOCATIONS  

Table 1 Average composition of Traffic Volume and Conflicting Traffic Volume 

 

Location 

 

Proportions 

of U-turning 

vehicles 

(veh/hr) 

 

Proportions of 

through 

vehicles 

(veh/hr) 

Composition of U- turning 

vehicles 
Composition of Through vehicles 

2W 3W 4W HV 2W 3W 4W HV 

Uppal 3071 3169 2253 261 434 120 2316 270 447 

131 

 

Hayatnagar 3105 3150 2354 264 361 123 2384 364 252 

145 

 

ECIL 2019 2078 1466 228 269 54 1494 236 274 

72 
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 The average Traffic volume compositions for three median openings. The data collection was performed by 

collecting videos near the median opening. Video recording was collected at peak hours. 

5.2 DATA ANALYSIS BY LINEAR REGRESSION MODEL  

A. UPPAL 

Characteristics of the collected data at Uppal Location 

Table 2 Characteristics of the collected data at Uppal Location 

 

Variable 
No. of 

observation 
Mean Standard Deviation Minimum Maximum 

Capacity of U-turning 

vehicle (veh/hr) 

 

60 

 

1020.86 

 

1.96983 

 

1019.23 

 

1027.69 

Conflicting Traffic 

flow(veh/hr) 

 

60 

 

3026.83 

 

5.94086 

 

3003 

 

3030 

Average 

Total Delay 

(sec/veh) 

 

60 

 

6.7476 

 

0.03379 

 

6.6235 

 

6.7770 

 

5.2.1 DEVELOPMENT OF CAPACITY MODEL 

The capacity of U- turning vehicles is denoted by ‘C’, conflicting Traffic is represented as ‘q’. 

C = 1.98E3-0.32×q 

Equation is found to be significant with R² = 0.909 and N = 60 

 

Figure 2 Relationship between Capacity and Conflicting Flow 

R. square of the model is 0.909 which is greater than R. square (adjusted) which shows that model Fits fairly. 

5.2.2 DEVELOPMENT OF DELAY MODEL 

The conflicting traffic flow is represented by ‘q’ and delay is represented as ’D’. 

D = -10.47+5.69E-3×q 
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Equation is found to be significant with R² = 0.925 and N = 60 

 

Figure 3 Relationship between Delay and Conflicting Flow 

R. square of the model is 0.925 which is greater than R. square (adjusted) which shows that model Fits fairly. 

B. ECIL 

Characteristics of the collected data at Ecil Location 

Table 3 Characteristics of the collected data at Ecil Location 

Variable 
No. of 

Observations 
Mean 

Standard 

deviation 
Minimum Maximum 

Capacity of U-

turning 

Vehicles 

(veh/hr) 

 

60 

 

1235.30 

 

97.9323 

 

986.07 

 

1428.05 

Conflicting 

Traffic 

flow(veh/hr) 

 

60 

 

3026 

 

456.94376 

 

3003 

 

3191 

Average 

Total Delay 

(sec/veh) 

 

60 

 

6.7179 

 

0.08410 

 

6.5493 

 

6.9358 

 

5.2.3 DEVELOPMENT OF CAPACITY MODEL 

The capacity of U- turning vehicles is denoted by ‘C’, conflicting Traffic is represented as ‘q’. 

C = 1.68E3-0.21×q 

Equation is found to be significant with R² = 0.964 and N = 60 
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Figure 4 Relationship between Capacity and Conflicting Flow 

R. square of the model is 0.964 which is greater than R. square (adjusted) which shows that model Fits fairly. 

 

5.2.4 DEVELOPMENT OF DELAY MODEL 

The conflicting traffic flow is represented by ‘q’ and delay is represented as ’D’. 

D = 6.33+1.84E-4×q 

Equation is found to be significant with R² =0.935 and N=60 

 

Figure 5 Relationship between Delay and Conflicting Flow 

 

R. square of the model is 0.935 which is greater than R. square (adjusted) which shows that model Fits fairly. 
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C. HAYATNAGAR 

Characteristics of the collected data at Hayatnagar Location 

Table 4 characteristics of the collected data at Hayatnagar Location 

Variable 
No. of 

Observations 
Mean 

Standard 

deviation 
Minimum Maximum 

Capacity of U-turning 

Vehicles (veh/hr) 

 

60 

 

1018.41 

 

2.02277 

 

1016.93 

 

1026.07 

Conflicting Traffic 

flow(veh/hr) 

 

60 

 

3034 

 

6.3861460 

 

3011 

 

3044 

Average Total Delay 

(sec/veh) 

 

60 

 

6.7292 

 

0.02238 

 

6.6477 

 

6.7450 

  

5.2.5 DEVELOPMENT OF CAPACITY MODEL 

The capacity of U- turning vehicles is denoted by ‘C’, conflicting Traffic is represented as ‘q’. 

C = 1.97E7-0.31×q 

Equation is found to be significant with R² = 0.985 and N = 60 

 

Figure 6 Relationship between Capacity and Conflicting Flow 

 

R. square of the model is 0.909 which is greater than R. square (adjusted) which shows that model Fits fairly. 
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5.2.6 DEVELOPMENT OF DELAY MODEL 

The conflicting traffic flow is represented by ‘q’ and delay is represented as ’D’. 

D = -3.46+3.36E-3×q 

Equation is found to be significant with R² =0.917 and N=60 

 

Figure 7 Relationship between Delay and Conflicting Flow 

R. square of the model is 0.917 which is greater than R. square (adjusted) which shows that model Fits fairly. 

5.3 ANALYSIS OF QUEUE LENGTH FOR ONE HOUR COUNT AT THREE MEDIAN OPENINGS: 

𝑸𝟗𝟓= 900T×
𝒗𝒙

𝒄𝒎,𝒙
− 𝟏+√ 𝒗𝒙

𝒄𝒎.𝒙
− 𝟏) +

𝟑𝟔𝟎𝟎

𝒄𝒎,𝒙
×

𝒗𝒙
𝒄𝒎,𝒙

𝟏𝟓𝟎×𝑻
  ×[

𝑪𝒎,𝒙

𝟑𝟔𝟎𝟎
] 

𝑄95= 95th percentile queue (veh) 

Vx= flow rate for movement x (veh/h), 

Cmx = capacity of movement x (veh/hr), and 

T = analysis time period (h) (T=0.25 for a 15-min period) 

Table 5 Queue Length for one hour for three median openings 

No Location Queue length (m) 

1 Uppal 110.548 

2 Ecil 84.56 

3 Hayatnagar 89.95 

 

The Queue length was calculated based on flow and capacity of U-turns at median openings as shown 
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5.4 ANALYSIS OF TRAVEL TIME FOR ONE HOUR COUNT AT THREE MEDIAN OPENINGS  

Estimated Travel Time (seconds) =
𝑳𝒊𝒏𝒌 𝒔𝒆𝒈𝒎𝒆𝒏𝒕  (𝒌𝒎)

𝑻𝒊𝒎𝒆−𝑴𝒆𝒂𝒏 𝑺𝒑𝒆𝒆𝒅 (
𝒌𝒎

𝒉
)
 × (3600 sec/hour) 

Table 6 Analysis of Travel time for one-hour count at three median openings. 

Location 

Average Speed (km/hr) Travel time (sec) 
Average Travel 

Time 

U-turning vehicles Through vehicles U-turning vehicles Through vehicles 
U-turn + Through 

Vehicles 

Uppal 9.5 38.33 63.5 19.28 82.78 

Ecil 6.667 35.83 95.288 20.67 115.958 

Hayatnagar 9.16 38.33 66.176 19.28 85.456 

  

The travel time analysis (S) were calculated based on segment length of U-turn, time and speed of vehicle of 

U-turn at Un-signalized intersection as shown in above Table 5.25. 

5.5 MICRO SIMULATION VISSIM RESULTS  

Table 7 Simulation Results by using VISSIM 

Locations Delay(s) Travel Time (s) Queue Length(m) 

Uppal 7.42 95.12 98.92 

Ecil 6.29 111.717 97.01 

Hayatnagar 5.72 90.12 102.5 

 

From the above Table PTV VISSIM software was used to develop a model by using Simulation Techniques. 

Using the field data collected from locations, a procedure was proposed to calibrate and validate the VISSIM 

simulated model. The calibrated VISSIM model was used to estimate the capacity of U-turns and Un –

signalized intersections. The Delay, Queue Length and Travel time was simulated by using VISSIM. 

5.6 CHI –SQUARE TEST (𝝌²) 

The Chi-Square distribution is used for testing the goodness of fit. It is used for finding association and 

relation between attributes. It is also used to test the homogeneity of independent estimates population. Chi-

Square is computed on the basis of frequencies in a sample and the value of Chi-Square so obtained is 

Statistic. 

(𝝌𝟐) = 𝜺
(𝑶𝒊−𝑬𝒊)²

𝑬𝒊
 

Where  

         𝑂𝑖 = Observed frequencies  

         𝐸𝑖= Expected frequencies 
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Table 8 Chi-Square Test results 

Stretches 

 

Queue length (m) Delay (sec) Travel Time (sec) 
Chi – Square Test 

Results 𝑶𝒊 𝑬𝒊 𝑶𝒊 𝑬𝒊 𝑶𝒊 𝑬𝒊 

Uppal Location 110.54 98.92 6.7476 5.42 82.78 95.12 3.27 

Ecil Location 

 
84.56 95.12 6.7179 5.29 115.958 111.717 1.717 

Hayatnagar Location 89.95 102.5 6.7292 5.72 85.456 90.12 1.94 

6. CONCLUSIONS  

This study attempted to develop a capacity and delay model in order to estimate the delay caused to vehicles 

given the base data (which are easily measurable in the field) at U-turn median openings under heterogeneous 

traffic conditions. The average delay caused to vehicles is an important and widely used metric for evaluating 

U-turn performance. The conflicting traffic flow is a vital factor influencing the extent of delay caused to the 

vehicles. These theoretical models were developed using linear regression analysis for fairly mixed traffic 

conditions. As a result, these models are used to compute capacity and delay at U-turn median openings. 

Based on the findings and discussion in the paper, the following can be concluded. 

6.1 CONCLUSIONS OBTAINED USING LINEAR REGRESSION 

Based on the results of this study, the following points were concluded. 

1.  Capacity and average total delay and total travel time models for U-turn movements at median openings 

were found to be significantly influenced by the conflicting Traffic flow. capacity of U-turning vehicles is 

inversely proportional to the conflicting Traffic flow. 

2.  Capacity model at Uppal Location has a R² value of 0.909 i.e., it explains a high percentage of Relation 

between capacity of U-turning vehicles and conflicting flow. 

3.  Capacity model at Ecil Location has a R² value of 0.964 i.e., capacity is correlated with conflicting traffic 

flow. 

4.  Capacity model at Hayatnagar Location has a R² value of 0.985 i.e., capacity is correlated with conflicting 

traffic flow. 

5.  The Delay model has a linear relationship obtained between the average total delay and the conflicting 

traffic flow at U-turn median openings. 

6.  At Uppal Location Delay model has a Linear Regression R² value of 0.925 i.e., delay is correlated with 

conflicting Traffic flow. 

7.  At Ecil Location Delay model has a Linear Regression R² value of 0.935 i.e., delay is correlated with 

conflicting Traffic flow. 

8.  At Hayatnagar Location Delay model has a Linear Regression R² value of 0.917 i.e., delay is correlated 

with conflicting Traffic flow. 

 

6.2 CONCLUSIONS OBTAINED USING MICRO-SIMULATION (VISSIM) 

1) Queue length at Uppal Location is 98.92m Delays are 5.42 sec and Travel time is 95.12 sec. 

2) Queue length at Ecil Location is 97.01m Delays are sec 5.29 and Travel time is 95.12sec. 

3) Queue length at Hayatnagar Location is 102.5m Delays are 5.72sec and Travel time is    90.12sec.  
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6.3 CONCLUSION OBTAINED FROM OBSERVED AND SIMULATION RESULTS. 

1) Chi- square test results of Uppal are 3.27, Hence, accept the Null Hypothesis and Queue length increases 

with delay and travel time. 

2) Chi- square test results of Ecil are 1.71, Hence, accept the Null Hypothesis and Queue length increases with 

delay and travel time. 

3) Chi- square test results of Hayatnagar are 1.94, Hence, accept the Null Hypothesis and Queue length 

increases with delay and travel time. 

7. SCOPE FOR FUTURE WORK 

For better understanding of the model, the data should be considered from morning to evening. The model 

developed in this study should be validated from a completely different set of observations to understand the 

field applicability of the model. Besides, linear regression methodology, other models should also be modified 

under the heterogeneous road traffic conditions to estimate the Capacity and Delay for Over saturated 

conditions. Recommended to conduct delay study at appropriate uncontrolled intersections. The effect of 

geometric and other influencing parameters of the intersections, like number of lanes, lane width, pedestrian 

crossings etc., on delay can also be evaluated. 
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