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Abstract 
 

Road safety assessment is more challenging in developing countries because crash data are not generally 
available. However, use of surrogate safety measures can act as a substitute for actual crash data. 
Historically, the unsignalized intersection poses more danger for road users and the Post Encroachment 
Time (PET) is more suitable for traverse collision. A threshold value for identifying the critical conflict is 
inappropriate for heterogeneous traffic conditions. Further, spotting the critical conflicts only by using the 
speed of the following vehicle is also not ideal. This study includes the speed of the leading vehicle for 
finding the critical conflicts as the collision probability also depends on the speed of the leading vehicle. 
Initially, the unsignalized intersections considered looked unsafe while observing the average PET value. 
However, considering the results of the critical conflicts both interections were found to be safe. It is also 
observed that the fast-moving vehicles were more responsible for critical conflicts. 
 
Keywords: Critical Conflicts, Post Encroachment Time, Surrogate Safety Measures, Traffic Safety 
Evaluation, Unsignalized Intersection, Traffic Conflict Techniques. 
 

 

1. Introduction 

Travel demand is increasing with the growth of urbanization and economy in 
developing countries, especially in India. The vehicular growth rate in India is reported 
to be about 11% per annum. It leads to increased road congestion and traffic accidents. In 
2017, more than 450,000 accidents were reported all over the country. In the same year, 
almost 150,000 fatalities were reported (MORTH, 2019). It also makes 60 accidents and 
20 deaths every hour all over the country. Accidents in developing countries commonly 
happen at intersections. Like India, most of the intersections in developing countries are 
unsignalized, where the vehicular movements are more complicated due to merging and 
crossing traffic. 

Further, the developing countries pose heterogeneous traffic, where diver behaviour is 
not uniform. Because of this, traffic safety in the intersection is deteriorating day by day. 
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This also makes traffic safety an emerging concern in the developing countries. Many 
methods have been practised to improve traffic safety. Traditionally, traffic safety was 
evaluated using the previous year's accident record. However, this creates problems since 
the availability and reliability of the accident records are an issue in many developing 
countries like India. Also, it is reactive, where one has to wait for the accident to happen 
with  longer observation time to make any statistical conclusion. Furthermore, not all 
accidents are reported and the vehicle's speed, the collision angle, acceleration, and 
deceleration are not available for analysis (Ambros et al., 2014; Darzentas et al., 1980; 
Killi & Vedagiri, 2014). To overcome these problems, researchers used Surrogate Safety 
Measures (SSM), which is proactive as the safety analysis and suitable precaution are 
done before road accidents occur in the area (Killi & Vedagiri, 2014).  

Surrogate Safety Measure relies on the idea that accidents evolve from conflicts and 
is suitable for safety analysis. SSMs are proactive indicators that reflect the safety of a 
road infrastructure. Conflict is used as a key term in these proactive studies. Gettman 
and Head defined the conflict as "an observed situation in which two or more road users 
approach each other on a collision course, and where the accident is imminent if neither 
of them takes evasive action" (Gettman & Head, 2003). It resembles near accidents and 
the occurrence of conflicts in an intersection is more frequent than the actual accident. 
Therefore the evaluation could be done with a shorter observation period. 

Further, by using simulation, safety evaluation can be done for the road infrastructures 
yet to be designed. Many indicators have been used in the past, namely Time To 
Collision (TTC), Post Encroachment Time (PET), Time Headway (H), Deceleration 
Rate to Avoid a Crash (DRAC), Crash Potential Index (CPI), etc. (Mahmud et al., 2017). 
These indicators make a perfect substitute for accident records and evaluate the safety 
more accurately as more data could be collected with lesser observation time. Authors 
have reviewed the use of surrogate safety measures in traffic safety assessment and 
discussed the merits and demerits of each indicator with its applicability (Arun et al., 
2021; Bonela & Kadali, 2022; Johnsson et al., 2018).  

The idea of using traffic conflict techniques to assess traffic safety was first studied 
with the vehicle's rate of deceleration to measure conflict severity (Darzentas et al., 
1980). The use of proximal indicators for the safety evaluation of a road infrastructure 
got attention among the researchers due to its advantage over actual accident data. An 
attempt was made to compare the observed conflicts from the field, actual accident data 
and the simulated conflicts from AIMSUN software. Both PET and TTC were used as 
indicators and suggested that both cannot be linked. The TTC and PET threshold values 
were 1.5 and 5 seconds, respectively (Caliendo & Guida, 2012). Ambros et al. used the 
Czech technique for the observed conflicts and compared them with accident data and 
simulated conflicts to get good relation (Ambros et al., 2014). To measure PET values 
from the field, rhombus-shaped grids were tried instead of square grids. With the help 
of Vissim 6.0 software, it was confirmed that the speed and the vehicular composition 
influence the PET values. The author also suggested that the PET values larger than 5 
seconds are not critical for road users as most of the PET values were less than 5 seconds 
in the field (Killi & Vedagiri, 2014). A similar study points out that the speed of vehicles 
plays a critical role in accidents. With the help of S-Paramics, it was found that the speed 
of the vehicular movement significantly influences the PET value (Pirdavani et al., 
2010). Mohanty et al. evaluated the safety in the median opening using PET and the 
speed to PET ratio. It was found that during the lower volume, only a few near accident 
events exist between through traffic and U-turn traffic, but their severity would be high 
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if they ended in a collision (Mohanty et al., 2021). Similar study was conducted using 
PET in the city of Bhubaneswar (Mohanty et al., 2020). In a recent study, the safety of 
the unsignalized intersection was assessed using a bivariant extreme value approach with 
TCC and PET as the proximal indicators (Gastaldi et al., 2021). Another study shows 
that converting the intersection from minor-approach-only stop (MAS) to all-way-stop 
(AWS) reduces the vehicle operating speed and average PET value and increases the 
pesdestrain yield rate and percentage of safer crossing (Navarro et al., 2022).  Vedagiri 
and Killi used a grid size of 2.5m × 2.5m to measure the PET value in an unsignalised 
intersection in Mumbai city (Vedagiri & Killi, 2015). Fast-moving vehicles were causing 
more critical conflicts than slow-moving vehicles. They also used the Vissim to discuss 
suitable preventive measures for unsafe intersections. However, in their study, only 
mean PET was used as a deciding factor as not all the conflicts end up in a collision. To 
overcome this, researchers used critical conflicts for the safety assessment by comparing 
the PET values with a threshold value. Using this threshold value to identify the critical 
conflicts is more suitable for homogeneous traffic conditions. In India, this concept of 
using a threshold value is not appropriable. So, Shekhar Babu and Vedagiri used critical 
speed, a speed-based indicator derived by comparing the braking distance and the 
available distance, to identify the critical conflicts (Shekhar Babu & Vedagiri, 2018). 
Also, it was suggested that if the percentage of critical conflicts is more than 20, the 
intersection is unsafe. This study was further extended to a traffic speed up to 80 Kmph 
and four-legged intersections with the same research methodology (Paul & Ghosh, 
2018). It was found from both studies that slow-moving vehicles are causing more 
critical conflicts than the fast moving. Another attempt was made to find the PET 
threshold value in identifying the critical conflicts in heterogeneous traffic conditions. 
The PET value of 1 second was suggested as a threshold for the study area (Paul & 
Ghosh, 2020).  

However, with many studies on safety modelling, it is still challenging to predict 
accidents more accurately (Gettman & Head, 2003). Among the urban intersections, the 
unsignalised intersection was unsafe and more dangerous than the signalized intersection 
(Caliendo & Guida, 2012). PET is more suitable for the three-legged unsignalised 
intersections (Mahmud et al., 2017; Vedagiri & Killi, 2015). The objective of the present 
study is to evaluate the traffic safety in unsignalised intersections using PET as the 
proximal safety indicator. Also, most studies included only the speed of the following 
vehicle in finding the critical conflicts for heterogeneous traffic conditions. So, this paper 
also aims to include the speed of the leading vehicle to identify the critical conflicts and 
the most critical vehicle-to-vehicle interactions in the intersections. 

2. Methodology 

For the heterogeneous traffic condition, only including the speed of the following 
vehicle is not the correct approach for the safety evaluation of the unsignalised 
intersection. Hence, the other objective was to include the speed of the following vehicle 
as well as  the leading vehicle for the safety evaluation. In this study, two 3-legged 
unsignalized intersections (I-1 and I-2), with major and minor roads meeting at the right 
angle, were selected in Guwahati, Assam. The major road for I-1 is four-lane divided and  
for I-2 is two-lane undivided. Both the intersections have an undivided two-lane minor 
road. The I-1 intersection already had traffic signals installed in it. However, during the 
preliminary survey, it was found that these were non-operational for more than two years. 
So, it was decided to consider the I-1 intersections as unsignalised intersection.  
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2.1 Data Collection 

All the roads had a lane width of 3.5m. In the preliminary survey, two peak periods 
from 08:00 AM to 10:00 AM and 04:00 AM to 06:00 PM were observed in both 
intersections. Only the morning peak hours were selected due to bad lighting conditions 
in the evening peak hour. Video-graphic survey was conducted by placing a camera on 
top of the three-storied building near the intersection during the morning peak hours. Six 
types of vehicles - motorized two-wheeler (TW), car (C), motorized three-wheeler (Auto), 
minivan (MV), heavy vehicle (HV) and cycle-rickshaw (CR) were considered in  this 
study. The spot speed of the vehicles was measured using the radar gun. The spot speeds 
were measured ten meters away from the intersection in each leg. For each vehicle type, 
the spot speed of ten random vehicles was measured and 60 measurements were done on 
each leg. In total, 180 spot speeds were measured in each intersection. Around 6000 
vehicles were using the I-1 intersection and 3200 vehicles in the I-2 intersection during 
the data collection period. The vehicular compositions of each intersection are given in 
Fig. 1. Both two-wheelers (TW) and cars (C) contributed about 80% of vehicles arriving 
in each intersection.    

 

  
(a) (b) 

 
Figure 1: Vehicular Composition of (a) I-1 intersection and (b) I-2 intersection  
 

2.2 PET Measurement 

The PET value has to be measured for the crossing and merging conflicts with the help 
of the grids. Generally, overtaking is considered unsafe in the unsignalized intersection 
for heterogeneous traffic conditions. Hence, the grid size was chosen as 3.5m by 3.5m as 
the lane width was 3.5m in both intersections. By observing the vehicle manoeuvres, 30 
and 18 grids were made in I-1 and I-2 intersection. After Effect CS6, a video editing 
software, was used to overlay the grids on top of the captured video. Initially, the grids 
were made with the help of Adobe Photoshop CS6 software and converted into 
transparent images in .png format. Then the images were overlayed on top of the video 
and rendered using the After Effect CS6 video editing software. The frame rate of the 
video was set as 60 frames per second, which helps the user to move the video 0.01 
seconds forward for every click on the mouse. Thus, the PET values could be measured 
with an accuracy of 0.01 seconds. The screenshot of the video with the overlaid grids for 
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I-1 intersection is shown in Fig. 2. For each crossing and merging conflict, the time of the 
leading vehicle leaving a grid and the time of the following vehicle entering the same grid 
were noted and the time difference was taken as the PET value between the vehicles. 

 
2.3 Critical Conflicts 

Most of the accidents were preceded by a conflict, but not all the conflicts ends up in 
an accident. In many cases, the drivers involved in the conflict does not realise the 
conflicts. Hence, judging all the conflicts as a potential accident will not be ideal. Earlier 
studies used a threshold value to distinguish critical conflicts from non-critical ones. 

 

 
 

Figure 2: Snapshot of the grids made in the conflict zone of the I-1 intersection  
 
However, comparing a threshold value with the PET value and judging whether the 

conflict is critical or not is more suitable for the homogenous traffic conditions. And for 
Indian traffic conditions, considering the speed of the both leading and the following 
vehicle, will be a more realistic approach for the traffic safety evaluation. Previous studies 
also tried to include the speed of the following vehicle in identifying the critical conflicts 
(Paul & Ghosh, 2017; Shekhar Babu & Vedagiri, 2018). But, the critical conflicts were 
spotted only with the help of the following vehicle speed. In those cases, a critical speed 
was calculated by comparing the available distance between the vehicles based on the 
braking distance of the following vehicle. But, the following vehicles do not always have 
to stop to avoid collision. Lowering the speed of the following vehicle according to the 
leading vehicle will be sufficient to avoid a collision between the vehicles. Hence, the 
speed of the leading vehicle and the following vehicle were used for identifying the 
critical conflicts. The distance required by the following vehicle to slow down to the speed 
of the leading vehicle and the available distance between the leading and the following 
vehicle was related and the Critical Relative Speed (𝑣 ) were measured.   

To get the distance required by the following vehicle to reduce the speed from 𝑣 to 𝑣 , 
the kinetic energy stored in the vehicle was compared with the work done against the 
friction while slowing the vehicle.  
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The Kinetic energy stored in the following vehicle is 
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(1) 

Where,  

𝑣  = velocity of the following vehicle (𝑚/𝑠), 

𝑣  = velocity of the leading vehicle (𝑚/𝑠), 
𝑊 = weight of the vehicle, 
𝑔 = acceleration due to gravity (𝑚/𝑠 ). 

Work done by the vehicle in slowing against the friction is  

 
= 𝐹 × 𝑙  
= (𝑓 × 𝑊) × 𝑙  

 
(2) 

Where, 

𝐹 = braking force of the vehicle, 
𝑓 = friction between the tyre and the road, 
𝑊 = weight of the vehicle,  
𝑙  = distance required to slow the following vehicle (𝑚). 

Comparing the equations (1) and (2), 
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(3) 

The available distance between the leading and the following vehicle could be given 
as, 

 𝑙 = 𝑃𝐸𝑇 × 𝑣  (4) 

Where, 

𝑙       =   the available distance between the vehicles (𝑚),  
𝑃𝐸𝑇 =  Post Encroachment Time (𝑠𝑒𝑐). 

For the non-critical conflicts, the available distance between the vehicles will be greater 
than the distance required to slow down the following vehicles. So, 

 

𝑙 > 𝑙  

𝑃𝐸𝑇 × 𝑣 >
𝑣 − 𝑣
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To make the calculation simple, a new term was suggested as Critical Relative Speed 
(𝑣 ). 

 
𝑣 =

𝑣 − 𝑣

𝑣
  (m

𝑠⁄ ) 

𝑃𝐸𝑇 >
𝑣

2𝑔𝑓
 

(5) 
 

(6) 

Using the equation (6), the threshold values for the Critical Relative Speed (𝑣 ) has 
been assigned for various PET values and given in table 1. According to IRC-73, the 
coefficient of friction between the tyre and the road for the Indian condition would be 
0.35 to 0.40 (IRC:73-1980, 1980). For calculating the threshold value for the Critical 
Relative Speed, the coefficient of friction (𝑓) and the acceleration due to gravity (𝑔) was 
assumed to be 0.35 and 9.81 𝑚/𝑠 , respectively.  

Table 1:Threshold Value for the various PET values  

PET Value 
(𝑠𝑒𝑐) 

The threshold for Critical Relative 
Speed 

𝑣 =
𝑣 − 𝑣

𝑣
 

𝐾𝑚𝑝ℎ 𝑚/𝑠 
0 – 0.5 12.24 3.4 

0.5 – 1.0 24.84 6.9 
1.0 – 1.5 37.08 10.3 
1.5 – 2.0 49.32 13.7 
2.0 – 2.5 61.92 17.2 
2.5 – 3.0 74.16 20.6 
3.0 – 3.5 86.4 24.0 
3.5 – 4.0 99 27.5 
4.0 – 4.5 111.24 30.9 
4.5 – 5.0 123.48 34.3 

 
For each crossing and merging conflict, the PET value and the Critical Relative Speed 

(𝑣 ) were calculated using the speed of the following and the leading vehicles. The 
speed of the following vehicle and the leading vehicle was measured by dividing the 
length of the grid by the time taken for the vehicle to cover the grid. The time taken by 
the vehicles to cross the grid of 3.5 𝑚 × 3.5 𝑚 was measured from the video captured 
from the study area. For a particular conflict, if the measured Critical Relative Speed 
(𝑣 ) between the vehicles is greater than the threshold critical relative speed given in 
the table 1, then the conflict would be critical. This approach of finding out the critical 
conflicts is more suitable for the traffic safety evaluation in heterogeneous traffic 
conditions. 

3. Results and Discussion 

The merging and crossing conflicts were identified and the necessary data such as the 
leaving time of the leading vehicle, the entering time of the following vehicle, speed of 
the leading vehicle and the following vehicle were collected for each conflict. The PET 
value for a particular conflict was calculated from the time difference between the time 
of the leading vehicle leaving a grid and the time of the following vehicle entering the 



European Transport \ Trasporti Europei (2022) Issue 88, Paper n° 3, ISSN 1825-3997 
 

 

8 
 

same grid. There were 877 and 399 conflicts in I-1 and I-2 intersection respectively. The 
average PET value for the I-1 and the I-2 intersection was 1.24 seconds and 1.55 seconds, 
respectively. The frequency of the PET values for both intersections is shown in Fig. 3. 

  
(a) (b) 

Figure 3: Frequency distribution of PET value in (a) I-1 intersection and (b) I-2 
intersection  

 
3.1 Percentage of Critical Conflicts 

. In the frequency distribution curves, it was observed that around 60% of the PET 
values were under 1.5 seconds. As the average PET value is low and a large number of 
PET values are falling under the lower values, it could be suggested that both the 
intersections are unsafe. However, only considering the average PET value for the safety 
assessment may be subjective as the speed of the vehicles involved in the conflicts is not 
considered. As previously mentioned, the following vehicle travelling at a slower speed 
may not be critical as it could be stopped with lesser difficulty than the vehicle travelling 
at a higher speed. So, the leading vehicle speed also influences the collision probability. 
This study aims to use the speed of both vehicles to identify the critical conflicts. Hence, 
using equation (5), the Critical Relative Velocity (𝑣 ) was calculated from the speed of 
the following and the leading vehicle. The 𝑣  was then compared with thier respective 
threshold value for the appropriate PET value given in table 1. The number of critical 
conflicts and their percentage over the total number of conflicts is given in table 2.  

Table 2: Number and Percentage of critical conflicts in both intersection 

PET (sec) 

I-1 intersection  I-2 intersection  

Total No 
of 

conflicts 

No of 
critical 

conflicts 

% of 
Critical 

Conflicts 

Total No 
of 

conflicts 

No of 
critical 

conflicts 

% of 
Critical 

Conflicts 
0 – 0.5 308 116 37.66 97 17 17.53 

0.5 – 1.0 204 25 12.25 98 10 10.20 
1.0 – 1.5 108 2 1.85 40 2 5.00 
1.5 – 2.0 75 0 0.00 46 5 10.87 
2.0 – 2.5 52 1 1.92 32 0 0.00 
2.5 – 3.0 44 1 2.27 22 0 0.00 
3.0 – 3.5 28 0 0.00 16 0 0.00 
3.5 – 4.0 24 0 0.00 16 0 0.00 
4.0 – 4.5 21 0 0.00 18 0 0.00 
4.5 – 5.0 13 0 0.00 14 0 0.00 

Total 877 145 16.53 399 34 8.52 
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Most critical conflicts occurred in the range of 0 to 1.5 seconds PET value. The conflicts 
having a PET value larger than 2 seconds were mostly non-critical. This shows that a 5-
second threshold value is inappropriate for heterogeneous traffic conditions. A recent 
study also focused on finding the PET threshold value using accident records and 
suggested 1.5 seconds as the threshold value for Indian traffic conditions (Paul & Ghosh, 
2020). However, the current study aims to avoid using a single threshold value for 
identifying the critical conflicts. This study also shows that the conflicts with the PET 
value lesser than 1.5 seconds were mostly critical in both intersections. The overall 
percentage of critical conflicts over the total conflicts was 16.53% in the I-1 intersection 
and 8.52% in the I-2 intersection. This shows that both intersections have a percentage of 
critical conflicts lesser than 20%, which suggests that both intersections were safer for 
the existing vehicular traffic (Shekhar Babu & Vedagiri, 2018). 

Table 3: Overview of Critical Conflicts in I-1 intersection  

Leading Vehicle Following Vehicle Total no 
of 

Conflicts 

No of 
Critical 

Conflicts 

Percentage of 
Critical 
conflicts 

Motorized two-
wheeler 

Motorized two-wheeler 285 65 7.41 
Car 110 21 2.39 
Auto Rickshaw 32 8 0.91 
MiniVan 18 2 0.23 
Cycle Rickshaw 6 0 0 
Heavy Vehicle 9 2 0.23 

Car Motorized two-wheeler 189 29 3.31 
Car 77 4 0.46 
Auto Rickshaw 27 0 0 
MiniVan 12 1 0.11 
Cycle Rickshaw 7 0 0 

Auto Rickshaw Motorized two-wheeler 28 6 0.68 
Car 14 4 0.46 
Auto Rickshaw 3 0 0 
MiniVan 2 0 0 
Cycle Rickshaw 1 0 0 
Heavy Vehicle 1 0 0 

MiniVan Motorized two-wheeler 18 2 0.23 
Car 7 1 0.11 
Auto Rickshaw 1 0 0 
MiniVan 1 0 0 

Heavy Vehicle Motorized two-wheeler 21 0 0 
Car 5 0 0 

Cycle Rickshaw Motorized two-wheeler 3 0 0 
Total 877 145 16.53 

 
3.2 Critical vehicle to vehicle interaction: 

Examining the most critical vehicle-to-vehicle interaction in the intersections could be 
helpful in understanding the manoeuvrability of the vehicles arriving from different legs. 
The different vehicle-to-vehicle interactions are given in tables 3 and 4 along with the 
number of conflicts, critical conflicts and thier percentage over the total conflicts. 
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 In I-1 intersection, more critical conflicts occurred between fast-moving vehicles such 
as motorized two-wheeler to motorized two-wheeler, motorized two-wheeler to car and 
car to motorized two-wheeler. The same pattern was also noticed in the I-2 intersection. 
These interactions contributed around 79% of total critical conflicts in the I-1 intersection 
and 88% of all the critical conflicts in the I-2 intersection. This shows that the fast-moving 
vehicles were more confident in accepting the smaller gaps if the other leg vehicle was 
also a fast-moving vehicle. Moreover, when the heavy vehicles involved in the conflicts, 
there were no critical conflicts between the vehicles. Because of the vehicular size and 
manoeuvrability of the heavy vehicle, even the fast-moving vehicles were waiting for the 
larger gaps to cross or merge, thus increasing the PET value. This also allows the 
following vehicle to have a larger time to react and act accordingly. 

Table 4: Overview of Critical Conflicts in Intersection (I-2) 

Leading Vehicle Following Vehicle Total no 
of 

Conflicts 

No of 
Critical 

Conflicts 

Percentage of 
Critical 
conflicts 

Motorized two-
wheeler 
 
 

Motorized two-wheeler 97 23 5.76 
Car 88 3 0.75 
Auto 14 0 0 
Cycle Rickshaw 14 0 0 
Minivan 8 0 0 
Heavy Vehicle 4 0 0 

Car 
  
  
  
  
  

Motorized two-wheeler 52 4 1 
Car 46 0 0 
Auto 4 0 0 
Cycle Rickshaw 4 0 0 
Minivan 6 0 0 
Heavy Vehicle 2 0 0 

Auto 
  
  
  

Motorized two-wheeler 10 0 0 
Car 8 0 0 
Auto 2 0 0 
Cycle Rickshaw 4 0 0 

Cycle Rickshaw 
  
  

Motorized two-wheeler 10 1 0.25 
Car 6 0 0 
Auto 2 0 0 

Minivan 
  

Motorized two-wheeler 16 3 0.75 
Minivan 2 0 0 

Total 399 34 8.52 
 

3.3 The most critical following vehicle type 

Observing the type of vehicles responsible for the critical conflicts would be helful in 
understanding the cause of the critical conflicts. Fig. 4 shows the contribution of different 
types of the following vehicle causing the critical conflicts for both intersections. 
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(a) (b) 

Figure 4: Following vehicle contribution on critical conflicts in (a) I-1 intersection (b) 
I-2 intersection  

Motorized two-wheeler contributed for around 70% of critical conflicts in the I-1 
intersection and  about 90% of  critical conflicts in the I-2 intersection. This may be 
becuase of the the fact that number of fast-moving vehicles was much higher than other 
types of vehicles using the intersection. The arrival of motorized two-wheelers and cars 
were comparatively higher than the other type of vehicles in the intersections, considering 
the percentage of following vehicles causing critical conflicts. However, analyzing the 
number of critical conflicts caused by various types of vehicles gives only the oversight 
of the traffic situation. The percentage of vehicles causing the critical conflicts over the 
total number of vehicles using the intersection is given in Fig. 5. Almost 2.8% and 2.2% 
of motorized two-wheelers arriving at both intersections were causing critical conflicts. 
Also, 2.1% and 0.5% of cars arriving at the intersections were responsible for the critical 
conflicts. This also confirms the finding that fast-moving vehicles accept the smaller gaps 
in the major roads because of their higher vehicular speed. 

On the other hand, heavier vehicles were not resulting in a critical conflict. Because of 
their lower vehicular speed and acceleration capacity, the heavy vehicles were waiting 
considerably more for merging or crossing the other legs. This signifies that the vehicular 
speed and the vehicular type are also influencing the PET value and the critical conflicts. 

 

 
Figure 5: Percentage of the following vehicle causing the critical conflict over the 

vehicle arrival. 

Auto 
Rickshaw
--5,58%

Bike--
69,95%

Car--
20,96%

Cycle 
Rickshaw
--0,00%

Heavy 
Vehicle--

0,71%

MiniVan-
-2,79%

Auto 
Rickshaw
--0,00%

Bike--
91,20%

Car--
8,80%

Cycle 
Rickshaw
--0,00%

Heavy 
Vehicle--

0,00%

MiniVan-
-0,00%

2,8%

2,1%

1,2%

0,8%

0,0% 0,0%

2,2%

0,5%

0,0% 0,0% 0,0% 0,0%

Two Wheeler Cars Auto
Richshaws

Mini Vans Heavy
Vehicle

Cycle
Rickshaw

P
er

ce
nt

ag
e 

of
 f

ol
lo

w
in

g 
ve

hi
cl

es
 

ca
us

in
g 

th
e 

cr
iti

ca
l c

on
fl

ic
ts

Intersection (I-1) Intersection (I-2)



European Transport \ Trasporti Europei (2022) Issue 88, Paper n° 3, ISSN 1825-3997 
 

 

12 
 

4. Conclusion 

This paper attempts to include the speed of both leading and the following vehicle for 
identifying the critical conflict using Post Encroachment Time as the proximal safety 
indicator. Identifying critical conflicts was done by comparing the following vehicle 
speed with the critical relative speed and avoided the usage of  single threshold value. 
The information such as the number of conflicts, the average PET value, the number of 
critical conflicts and its percentage over the total number of conflicts were caluculated 
and presented using the methodology for both intersections. The average PET value for 
the I-1 and the I-2 intersections was 1.24 seconds and 1.55 seconds, repectively. Only by 
observing the number of conflicts and the average PET value, both the intersections seems 
unsafe. However, the percentage critical conflicts identified using the speed of the 
vehicles for both intersections was less than 20%. This indicates that both intersections 
were safer for the present vehicular traffic. Therefore, even though the average PET 
values was very low, the intersections are considered safe as the percentage of critical 
conflicts was low. This shows that including the speed of both leading and the following 
vehicle helps to understand the nature of the conflicts and actual safety instead of 
observing only the average PET value. Examining the critical vehicle-to-vehicle 
interaction indicated that fast-moving vehicles were more cautious while merging and 
crossing a heavy vehicle. But, they were more casual if the other vehicles were fast-
moving vehicles. Furthermore, most critical conflicts occur if the fast-moving vehicle 
comes across another fast-moving vehicle. This shows that heavy vehicles are generally 
patient in waiting for more significant gaps for merging and crossing compared to fast-
moving vehicles. Also, the percentage of two-wheelers and cars resulting in a critical 
conflict was much higher than the other type of vehicles arriving at the intersections. 
Almost three out of every hundred two-wheelers using the I-1 intersection and two out of 
every hundred two-wheelers using the I-2 intersection were ending up in a critical 
conflict. This could result in a collision if the leading vehicle stops suddenly.  

This study is limited to unsignalized T-intersections, one with a two-lane major road 
and the other with a four-lane major road. In future, four-legged intersections could be 
studied. The PET indicator is more suitable for T-intersection. Also, T-intersections are 
considered more unsafe for vehicular manoeuvres than the four-legged intersection. This 
study also demands further work as traffic safety is associated with the behaviour of the 
road user. The influence of different vehicular types, critical gap, gap acceptance and 
geometrical characteristics of the intersection on the PET value and the critical conflicts 
could be examined. Also, the resulting unsafe intersections could be simulated and 
suitable preventive measures could be suggested with the help of the simulated model 
using micro simulators. However, both intersections were considerably safer for existing 
vehicular traffic in this study. Finally, this study provides an adequate methodology for 
the safety evaluation of unsignalized intersections without using actual accident records. 
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