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Abstract 

 
Globally, the fundamental component of all economic activity in metropolitan locations is the Urban 

Transport system, which supports the means of subsistence for local population. The increase in 

population has led to an increase in traffic on the highways. The increasing number of vehicles has an 

adverse impact on efficient traffic flow because natural assets are constrained. Side friction factors are 

events that happen on the sides of carriageways or even on the carriageways themselves and can affect 

how traffic normally moves through the carriageway. In urban mixed traffic environments, roadside 

friction not only affects traffic efficiency but also has critical road safety implications due to increased 

speed variability and frequent pedestrian–vehicle conflicts. The present work aims at analysing the 

impact of road side frictions on traffic characteristics of urban roads in Hyderabad city : India, 

Ghatkesar area (Ghatkesar road and Warangal Road) which have mixed traffic scenario. The side 

friction factors were considered based on the conditions of the selected area for development of speed 

models. Traffic surveys were conducted to collect data about the parameters which are used for 

understanding the present traffic condition. The results have been used to develop models that forecast 

vehicular traffic speed under the influence of side friction activities. The study revealed that, under all 

traffic volume conditions, vehicle speed reduces as side friction increases. Analysis of the operating 

speed of vehicles with and without side friction revealed that on selected sections is decreased by 49% 

when side friction was present. Analysis suggested that during the process of enhancing urban road 

facilities, foot walkways must be given sufficient significance and located suitably to ensure their 

effect does not elevate the movement of traffic to the next level there by lowering the speed of 

vehicular traffic.  The developed speed prediction models provide a quantitative basis for safety-oriented 

urban street design and proactive side friction management. 
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1. Introduction 

Vehicular traffic has grown because of rapid urbanization. Congestion is caused by the 

growing number of vehicles on the road and the limited amount of space available for 

roads in urban areas. If the amount of traffic triggers an urge seeking space that exceeds 
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the capacity of the road, then the traffic congestion situation arises; this point is frequently 

referred to as saturation. Congestion can be caused by several distinct situations, most of 

which limit a road's capacity at a particular location or for a predetermined distance. 

Roadside friction is one of the factors contributing to traffic congestion. Urban roadways 

in developing nations often have roadside friction characteristics, such as buses halting at 

bus stations, parked vehicles, people walking, numerous auxiliary roads, turning 

movements, business transactions, etc., which obstruct the smooth flow of traffic. In 

addition to seriously endangering the safety of road users, this roadside friction and the 

varied traffic circumstances that are common in developing nations have a negative 

impact on the capacity of urban highways. For traffic engineers, quantifying these side 

friction parameters is a difficult issue. Wide sections of urban and suburban roads in 

emerging nations like India are characterised by a lot of side friction. The amount of 

proximity between vehicle traffic and events along the side(s), and occasionally along or 

inside the traversed route, is described by a combination of factors called side friction. 

They are having a negative impact on the capacity of roadways, speed flow 

characteristics, and passenger as well as road user safety. Significant side friction 

components observed on urban corridors in emerging nations like India include reluctant 

moving vehicles, buses halted at outside bus stations, people walking along pavements 

and traversing the roads at random, exit and entry from approach roads, vehicles stopped 

along the carriage way etc. From a road safety perspective, urban side friction represents 

a major source of conflict and crash risk, especially in developing countries with mixed 

traffic conditions. Activities such as pedestrian encroachment, curbside parking, informal 

bus stops, and unregulated entry–exit movements increase speed fluctuations and driver 

workload, which are strongly associated with accident frequency and severity. In line with 

the Safe System approach, managing side friction is essential to reduce exposure, 

minimize conflict points, and protect vulnerable road users. Hence, evaluating the 

influence of side friction on operating speed is not only an operational concern but also a 

fundamental road safety requirement. The present study analysed the operating speed of 

vehicle types by considering the side friction activities on urban road under heterogeneous 

traffic conditions.  The research also evaluated the level of service of selected urban road 

sections with and without side friction activates. 

2. Literature Review 

The present research examined a quantitative evaluation of the individual and 

cumulative effects of side friction activities on traffic flow characteristics, assisting 

engineers and planners in appropriately incorporating urban street amenities to mitigate 

the effects they create. Several scientists have used various approaches for of PCU value 

estimation of different vehicles. The criteria used are delay (Craus 1980), speed (Van 

1984; Chandra 2000), density (Huber 1982; Webster 1999), headway (Krammes 1986), 

queue discharge flow (Rakka 2005) and to define LOS reflect the factors that affect the 

driver’s perception (Kumar 2003). Koshy and Arasan (2005) proposed a simulation 

framework to investigate how traffic flow will be affected by number of bus stops. The 

mathematical equation replicates mixed traffic flow of diverse traffic over a 

predetermined distance and breadth of a road, integrating the various traffic movements 

at different speeds, including overtaking, acceleration, and deceleration. Chiguma et al. 

(2007) examined whether side friction factors affected capacity and speed in the traffic 

system. The authors made a macroscopic study while taking into account a number of 
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variables. They developed a brand-new term, "FRIC," to represent the total impact of all 

side friction elements.  Because the units differed for each friction component, a ranking 

procedure was used to aggregate them so that they could be expressed using a single unit 

called "FRIC." Munawar et al. (2011) investigated side friction issues such as road 

parking, city bus stops anyplace along the road, U-turn vehicles, and entry/exit vehicles 

and their consequences. These side friction activities were large than those suggested by 

Indonesian HCM. To enhance the Indonesian HCM's ability to determine the speed and 

capacity of urban roads that have severe side friction, an alternative method was 

suggested.  Few studies that seek to assess the impact of pedestrians and bus stops on 

diverse traffic have been reported from India. Chandra et al. (2014) demonstrated that at 

1360 pedestrians crossings per hour, the capacity of a six-lane metropolitan road is 

reduced by about half. They came to the conclusion that a pedestrian crossing rate of 

roughly 100 feet per hour would result in capacity reduction by 3.52% based on a 

mathematical model. It is acknowledged by Indian Roads Congress (IRC) 106-1990 

(1990) that side friction affects capacity. However, there is no set approach or set of rules 

for analysing or calculating the unique effect of side friction on urban roadways. As a 

result, Indian transportation engineers significantly rely on US highway capacity Manual 

(2010). However, HCM techniques are most useful in situations where there is less 

friction. Salini et al. (2016) carried out investigations to examined side friction variables 

that affect the speed of urban roadways with four lanes divided in emerging economies. 

Research was done on the variations in speed that were seen in areas where side friction 

factors, like bus stops, areas with lots of pedestrian traffic, and areas with on-street 

parking, were present. Traffic composition and side friction factors were used into the 

development of speed prediction algorithms. It was discovered that these equations are 

statistically valid and may be used to estimate speeds as well as the amount of speed 

reduction that each side fiction parameter will induce.  

Dhamaniya and Chandra (2017) examined the relationship between operating speed 

and midblock section capacity on Indian urban highways. Analysed speed-flow data from 

12 sections across four major cities, lane capacities are found to range from 1482 to 2105 

PCU/h. The variance in free flow speed is explained by the size of the city and the driving 

habits of its residents. A second-degree polynomial model linking lane capacity and 

operating speed was developed as a result of the high correlation between the two 

variables. Data from two additional sections are used to validate developed model, which 

demonstrates a match with field capacity with a maximum error of 0.10 percent. Pallavi 

et al. (2018) examined side friction activities in a city with mixed traffic patterns. For the 

purpose of collecting traffic data, four distinct four-lane split roads with mid-block 

portions were found in Warangal, Telangana state. These roads had varying 

characteristics. There were three categories of side friction: low, medium, and high. The 

average speed was found to be 34 km/h at low levels of side friction and 19 km/h at greater 

levels. As a result, the reduction was calculated to be 51 percent, which is a considerable 

amount. Based on the speed-flow model and the current road conditions, i.e., side friction, 

the capacity was predicted to be 2909 pcu/hr.  Once the speeds for the no side friction 

example were normalised, a capacity of 3173 pcu/hr was observed. A loss of around 9% 

in capacity was noted for the roadways experiencing side friction. A model for predicting 

speed was created using side friction and flow as independent variables. When the model 

was validated using the Chi-square test, the predicted speeds were determined to be 

statistically significant, with an RMSE of 14%.  
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Idries (2021) carried out research on urban highways in certain densely populated 

metropolitan areas, such as Muritala Muhammad Road. Vehicles parked on the street, 

pedestrians wandering along roadways, and buses halted at bus stations were the sources 

of side friction. It was decided to perform multiple linear regression analysis to determine 

the components influencing the speed decrease brought on by side friction issues. Speed 

decrease was examined for both lengths with separate side frictions and lengths with the 

combined influence of all the variables. The results showed that side friction had a 

considerable effect on vehicle speed on urban roads and may also influence how much 

each component affected speed.  The findings show that, in order to properly build urban 

highways, side friction effects must be taken into account in all traffic-related 

investigations. Most of the studies analysed traffic characteristics with the influence of 

side friction activities under mixed traffic condition. Very few studies are compared 

operating speed of individual vehicle types by considering side friction. The present study 

mainly focused on operating speed of vehicle types with and without side friction on 

urban roads. The quality of service assessed with and without side friction on selected 

urban road sections.  

Siad et al. (2023) captured the complex relationships that exist within urban contexts, 

this research focuses on developing operating speed models for multilane urban elevated 

arterial roadways. To anticipate operating speeds, segment attributes and the residual 

influence of upstream characteristics were considered, utilising artificial neural networks 

(ANNs). Author collected and verified data from two main roadways in Greater Cairo, 

Egypt. Regression models were found to have less predictive power than ANNs; the top-

performing model had a mean absolute percentage error (MAPE) of 6.7. Jima and Sipos 

(2024) studied the effect of side friction on operating speed at curved roads. The results 

revealed that, as side friction decreases speed increases and vice versa. Khazali et al. 

(2024) investigated the impact of side friction parameters on urban streets. The dynamic 

and static side friction parameters were explored. The study results showed a reduction 

of 51% speed in urban streets due to side friction. Overall, the existing literature 

emphasizes the importance of side friction factors on urban road traffic flow, highlighting 

significant reductions in vehicle speed and capacity. While various methods have been 

proposed to quantify these effects, a consistent approach for estimating side friction's 

influence on speed remains a key research gap. Our study aims to bridge this gap by 

specifically evaluating the operating speed of vehicle types with and without side friction, 

using real-world data from mixed traffic conditions on urban roads in India. 

3. Site Selection  

A two-lane divided road, from Ghatkesar area in Telangana, Hyderabad City, India, 

was chosen for the present study. Figure 1 represents the study locations chosen for the 

present study. The criteria for choosing these locations is that, in pilot study a significant 

side friction events were observed at these locations. 
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                  (a) Ghatkesar Road                                 (b) Warangal Road 

Figure 1: Study Locations. 

Both the locations are two lane urban roads with significant traffic volume and side 

friction activities. 

4. Field Data  

Urban areas along a two-lane divided road (Ghatkesar Road and Warangal Road) are 

considered for the present research work. During peak and off-peak hours, data was 

collected utilising a videography technique from a viewpoint akin to a high-rise structure. 

The four hours of video capture on various days at the chosen site included both morning 

and evening hours. The video film of covering a 80 m trap was recorded, another area 

which is 200 m away for the actual location was selected to measure speed of vehicles by 

performing the spot speed survey. By displaying the recorded video on a large screen 

monitor, traffic volume data and the side friction characteristics were retrieved from the 

video files at 5-minute intervals. Table 1 provides geometrical and other data of the 

chosen location observed in the field. 

Table 1: Geometric Details of Selected Locations. 
Study 

Road 

Width of Median (m) Width of 

Carriageway 

including Shoulder 

(m) 

Side friction parameters 

Ghatkesar 

road 

(Section I) 

0.5 7.6 Wrong movement of vehicles, 

Stopped vehicle, Pedestrians, 

Exit/entry manoeuvres 

Warangal 

road 

(Section 

II) 

0.5 7.0 Wrong movement of vehicles, 

Stopped vehicle, Pedestrians, 

Exit/entry manoeuvres 

 

During the whole observation period parameters required such as volume, traffic 

composition, speed of vehicle types, and side friction activities were extracted from 
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recorded video files. The observed traffic volume and vehicle composition on selected 

location are shown in the Table 2. 

Table 2: Number of Different Vehicle Categories at Study Locations. 
Sections Number of Different Vehicle categories  Volume range (Veh/hr) 

2W 3W Car LCV Bus NMT Min Max 

I 680 395 285 87 69 8 600 1600 

II 440 350 266 56 86 6 450 1550 

The side friction parameters considered were pedestrian movements, wrong 

movement of vehicles, on street parking and unofficial bus stand. The frequency of each 

parameter for every 60 minutes was extracted and provided in Table 3. 

Table 3: Side Friction Activities at Selected Sections. 
Side Friction Activity Frequency at study sections (Events/hr) 

I II 

Pedestrians 184 220 

Wrong Movement 122 198 

Parked Vehicles 74 65 

Unofficial bus stops 84 89 

Entry- Exit buses 90 111 

It had been decided to collect traffic data on the same route at a different place that is 

free of side friction, to determine whether the decrease in vehicle speed at the study 

locations was caused by side friction. Therefore, to get traffic data for the scenario of 

without side friction   a second camera was mounted on appropriate vantage point and 

footage was recorded on that day. The spot speed data was collected using manual method 

and the speed of each typed of vehicle was noted and the data was simplified into 

maximum, minimum and average occurrence and the comparison is Table 4.  

Table 4: Operating Speed of Vehicle Types at Selected Sections. 

Vehicle Type Speed (Kmph) 
Section I Section II 

  

2W 

Minimum 9 10 

Average 16 18 

Maximum 33 39 

3W 

Minimum 9 10 

Average 14 15 

Maximum 24 23 

Car 
Minimum 6 7 

Average 10 11 



European Transport \ Trasporti Europei (2026) Issue 107, Paper n° 1, ISSN 1825-3997 

 7 

Maximum 15 17 

LCV 

Minimum 7 8 

Average 10 11 

Maximum 15 18 

Bus 

Minimum 5 6 

Average 8 8 

Maximum 12 13 

 

At section I and II a minimum speed of 5 Kmph and 6 Kmph was observed respectively 

for the vehicle category: Bus. 

5. Statistical analysis of data 

 

A location is selected which is 200 m away from the area of survey and spot speed 

survey is conducted at selected location. The selected location was not having any of the 

side friction parameters present. To comprehend the behaviour of the vehicular speed 

distribution was examined. By choosing the proper class intervals, the frequency of speed 

was observed on various selected sections. Figures 1 displays the distribution profiles of 

operating speed data at selected locations. 

 

  
(a) Section I (b) Section II  

Figure 1: Frequency analysis at selected sections. 

 

At five percent significance level, the Chi-Square test was performed to check whether 

the observed data fit a normal distribution or not. For every non-parametric test, the 

calculated statistical p-values vary from 0.567 to 0.899, demonstrating that the observed 

speed distribution at selected sections does not follow a normal distribution. Two-wheeler 

share ranges from 32% to 58% of all vehicle types, which may possibly be influencing 

speed. The various types of distributions that are shown in Table 5 have been fitted to the 

speed of different vehicle types collected from the field at selected sections. 

 

Table 5: Distribution analysis of chosen intersections. 
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Section I Section II 
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The speed at location of survey (200 m away from section) and reference location (at 

section) are compared in order to analyse the side friction impact on the speed of the 

vehicle. The speed data is represented in form of the bar chart with and without side 

friction activities is shown on the Figure 2.  

  
(a) Section I (b) Section II 

Figure 2: Operating Speed Analysis with and without Side Friction Activities. 

The total side friction activities were measured, to study the variation with average 

speed, from both selected sections for correlation analysis. Vehicle average speed is 

steadily declining as side friction rises on the selected sections. Figure 3 illustrates the 

total side friction was determined and varied with average speed of the analysis with 

combined data. 
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(a) Section I (b) Section II 
Figure 3: Operating Speed Analysis with Side Friction Activities. 

Speed-volume and speed- density relation was plotted to find the maximum value of 

density and volume on selected study stretches. Figure 4 shows speed-flow and speed- 

density relationship on Section I and II. On both the sections it is observed that speed is 

reduced due to effect of side friction activities and found to be average speed of vehicles 

is 35 kmph. 

 
 

(a) Section I (b) Section II 

Figure 4: Operating Speed Analysis with Side Friction Activities. 

6. Speed Prediction Models 

To create the regression model, it is imperative that the variables be identified first. In 

this study, class-wise traffic flow, side friction elements, and the speed of a certain vehicle 

category were used as independent factors and the dependent variable while creating the 
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regression model. The flow and speeds of the various vehicle categories (two-,three-, and 

four-wheelers) as well as side friction factors are thus the necessary data. Therefore, 

viewing the recorded video with 10 minutes interval of data extraction allowed for the 

manual extraction of the class-wise traffic flow. The distance was divided by the travel 

times to determine the vehicles' speeds. Because there were side friction factors all the 

way across this distance. The collected videos were played on the computer to determine 

the vehicle travel times, which were then manually calculated using a stopwatch.  

To predicting speed, Multiple linear regression models have been developed for both 

the individual and combined side friction characteristics. The average speed (km/h) of the 

traffic flow was selected as the dependent variable, while frictional parameters covered 

in the preceding section were taken into consideration as the independent variable. 

Version 25 of the Statistical Package for Social Sciences (SPSS) was used for modelling.  

Equation 1 is the best fit model that was found after numerous trials. It was discovered 

that the model is statistically valid and can be used to estimate speeds as well as the 

amount of speed reduction that each side fiction parameter will induce. 

V = 31.64 – (0.014×Q) – (0.067×SF)                                                                                 (1) 

Where, V= Operating Speed (Kmph), Q= Flow veh/hr, SF= Side Friction (events/hr). 

The R2 value of the model in equation 1 is 0.875, t-stat value is 2.34 and p-value is 

0.00032. 

The Speed increases as the traffic flow and Side friction decreases and vice versa. The 

degree of vehicle traffic flow on a street or road is determined by its Level of Service 

(LOS). One of the most important criteria in planning, land use and transportation 

planning both heavily depend on LOS.  It is commonly used to evaluate the effectiveness 

and efficiency of transportation systems. LOS is particularly important in urban planning 

and traffic management to ensure that roadways and intersections operate at acceptable 

levels for users. The LOS is typically expressed on a scale from A (Free flow) to F (Forced 

or Breakdown flow) with each level representing different degree of congestion and 

service quality: 

 (LOS A): Unrestricted Movement  

 (LOS B): Reasonably Free Flow  

 (LOS C): Stable Flow: seen as appropriate for many urban highways 

 (LOS D): Approaching Capacity  

 (LOS E): Near Capacity 

 (LOS F): Breakdown Flow 

In the current research study the level of service of both the sections are evaluated 

considering with and without side friction activities. The evaluated quality of service is 

shown in the Table 6. 

Table 6: Level of Service of Study Intersections. 
Section Los With side friction Los Without side friction 

I D C 

II C B 
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7. Conclusion 

The purpose of the current study was to create a system for calculating how roadside 

frictions affect the features of urban traffic flow. When side friction occurs on these 

highways, the traffic conditions might occasionally get more chaotic. The capacity of a 

road is a crucial factor in determining traffic volume and service quality. One of the 

factors that is thought to contribute to capacity loss is side friction. Therefore, by 

quantifying the traffic congestion caused due to side friction can help in comparing the 

effect of different side friction characteristics effect on the speed, and propose a suitable 

solution for it and maintain the road capacity for which it is designed. The operating speed 

of vehicles were analyzed with and without side friction, the study found that the 

operating speed of vehicles reduced to 49% with side friction on selected urban road 

sections.  It was discovered that every frictional parameter taken into consideration 

greatly influenced speed, albeit in a logically opposite way. When speed prediction 

models were used to evaluate the effects of changes in side friction characteristics, it was 

found that pedestrian movements were the most important parameter, followed by 

improper movement and on-street parking. The study's speed forecasting techniques, 

which consider different side friction factors, can be utilized to estimate traffic flow 

speed. The findings of this study highlight that side friction significantly alters operating 

speed patterns, leading to increased interaction intensity and elevated safety risk on urban 

roads. Pedestrian movements and improper roadside activities were identified as the most 

critical contributors, emphasizing the urgent need for safety-oriented interventions such 

as continuous footpaths, regulated curbside activity, and access management. The 

proposed speed prediction models can serve as effective tools for identifying high-risk 

locations and supporting evidence-based road safety planning. Overall, the study's 

findings indicate that pedestrian obstruction is generally greater in effectiveness. 

Therefore, it is suggested that footpaths be given proper consideration and positioned 

appropriately while designing urban road infrastructure to prevent their impact from 

negatively affecting traffic flow and slowing it down. The study's focus is on quantifying 

the impact of the side friction actors seen on Indian two-lane urban highways, such as on-

street parking, buses stopping at curbside bus stops, and random individuals crossing the 

street and wandering along the roadways' edges. In India, there is a great deal of mixed 

traffic on urban highways. 
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