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ABSTRACT 

Bicycling is considered as one of the most efficient mode of sustainable transportation for shorter commutes. 

European and Asian countries such as the Netherlands, Denmark, Germany, China and India are the global 

leaders in this context with their high level of bicycling to commute. Many urban streets are designed with on-

street bicycle lanes to provide right-of-way for bicycle traffic. However, when bicycle flow is large, then the 

bicycle flow could occupy vehicle lanes and thus cause interferences to vehicle traffic. Therefore, objective of 

this paper is to evaluate how bicycle traffic affects vehicle operation on urban streets to analyse the features of 

Bicycle traffic flow and speed under different traffic situation. Traffic Data was collected on five streets 

segments in, Chandigarh city in India. The cumulative curves were constructed to extract traffic flow 

information including individual bicycle and vehicle speeds and aggregated traffic parameters such as speed, 

flow and density. The results showed that as bicycle density on bicycle lanes increases faster so bicycles started 

divert into vehicle lanes, due to which reductions in vehicular was observed speeds. Further number of vehicle 

lanes also have significant impact on traffic congestion thus this paper can be helpful for improving the bicycle 

infrastructure, without disturbing the vehicular flow. 
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1. INTRODUCTION 

Sustainable bicycle transportation (green transportation) refers to the modes of transport and systems of 

transport planning, which are consistent with wider concerns of sustainability like environmental, social and 

economic sustainability of the communities (specially in urban areas) which includes non-motorized transport 

like walking and cycling and concepts like transit oriented development, green vehicles, car sharing and 

building or protecting urban transport systems that are fuel-efficient, space-saving and promote healthy 

lifestyles etc. India is the second largest producer of bicycle in the world (Bicycles produced in the World 

meters, (2013). Bicycle riders in urban India are mostly lower income group people and students. There is also a 

high level of safety concern among Indians regarding bicycling. In order to improve the bicycling level in India, 
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development of bicycle friendly infrastructures and implementation of policies promoting bicycling is essential. 

The purpose of the line segmentations to separate the bicycle traffic from the vehicle traffic to reduce conflicts 

between different trip modes. The implementation of vehicle lanes is considered useful in improving both safety 

and operations of traffic flow on urban streets. 

              As individual cycling speed is quite different, one of the most important features in bicycle traffic is 

that there are many overtaking behaviour between cyclers. When overtaking happens two bikes run adjacently 

which occupy more travel space. When bicycle traffic flow is small, it may not have significant impact on the 

vehicle traffic in adjacent lanes. However when bicycle traffic flow is large such that existing bike lane may not 

accommodate the cycling demand, some bicycles could run closely to vehicles or even within vehicle lanes. 

Some other studies evaluated the traffic operation and the level of service on the streets with vehicle lanes.  

In recent years, the interactions between bicycle and vehicle traffic flow on streets have gained much attention 

from transportation professionals. An evaluation of bicycle traffic on the operation of vehicle traffic can help 

transport agencies estimate the conflicts between the two trip modes in the current situation or in the future 

when bicycle flow increases. The roads with severe conflicting issues can be identified to implement 

countermeasures. Besides, such evaluation can also help transport agencies to design the width of bicycle paths 

on urban streets to improve traffic operations. 

2. LITERATURE REVIEW 

Some of the studies carried out by researcher are as follows. Stinson and Bhat (2003) evaluated the importance 

of factors affecting commuter bicyclists route choices. The models indicate that, for commuter bicyclists, travel 

time is the most important factor in choosing a route. Presence of a bicycle facility (especially a main lane or 

separate path), the level of automobile traffic, pavement or riding surface quality, and presence of a bicycle 

facility on a bridge are also very important determinants. This study conducted an internet survey of bicycle 

commuters and found that the presence of bicycle lanes strongly influenced the routes chosen. 

Winters et al. (2011) considered as one of the most efficient mode of sustainable transportation for shorter 

commutes. European countries such as the Netherlands, Denmark, and Germany are the global leaders in this 

context with their high level of bicycling for commute. India with its large population and millions of bicycle 

users has a huge potential for becoming one of the top countries in terms of level of bicycling in the global 

context. The result of this study is that from Delhi shows that public perception about safety and feasibility got 

considerably changed after the implementation of some bicycle friendly infrastructures in certain areas.  

Li et al. (2012) reported that of this study is to investigate the physical environmental factors influencing 

bicyclists‟  perception of comfort on physically separated bicycle paths and on-street bicycle lanes. The results 

of this study shows that for physically separated bicycle paths. Presence of bus station, physical separation from 

pedestrians, surrounding land use, and bicycle flow rate. For on-street bicycle lanes, the contributing factors 

associated with perception of comfort included the width of bicycle lane. This  study can help inform design and 

planning of these bicycle facilities. 
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Mindell et al. (2012) had collected data of (cycling, pedestrian) and Stats19 (driving) 2007–2012 data for travel-

related deaths, including pedestrian falls and National Travel Surveys 2007–2012 travel data The result of this 

study was fatality rates fell significantly 2007–2009 to 2010–2012: male f/bnkm from 2.8 (95%CI 2.7–2.9) to 

2.0 (1.9–2.1) for driving; 32.1 (28.5–36.0) to 20.8 (18.1–23.9) for cycling; and 51.4 (48.5–54.4) to 36.7 (34.3–

39.3) for walking 

Bai and Liu (2013) compared the risk-taking behaviour of the riders of electric-bikes and bicycles and their 

effects on safety at signalized intersections. Traffic conflicts techniques was used to estimate the safety effects of 

electric-bikes and bicycles, with the incidents observed divided into sixteen types. About 77.7% of conflicts 

were caused by the risky behaviour of the automobiles drivers that in particular did not yield right-of-way to 

electric-bikes/bicycles, 13.4% by the risky behaviour of e-bikers, and the rest by cyclists. 

Sayad et al. (2013) developed an automated safety diagnosis approach for evaluating vehicle–bicycle conflicts 

using video analysis. The use of traffic conflicts for safety diagnosis is gaining acceptance as a surrogate for 

collision data analysis. A case study was presented for diagnosing safety issues at a busy intersection downtown 

Vancouver, British Columbia. Vehicle–bicycle conflicts as well as vehicle rear-end and merging conflicts were 

identified and examined. The results shows that high exposure of cyclists to traffic conflicts and a significant 

driver non-compliance rate. Several countermeasures to mitigate the safety issues were presented and evaluated. 

Klassen et al. (2014) analysed the factors that contribute to the severe bicycle-motor vehicle collisions at both 

intersections and mid-blocks. Results showed that significant factors affecting the intersection collision severity 

included the interaction between roadway and approach-control type, the existence of partial crosswalks and 

bike signs, and the cyclist’s gender and age. 

Kassim et al.(2015) examined the effects of variability in pedestrian volume on cyclist-vehicle interactions. 

After accounting for the effect of cyclist and vehicle volumes. A total of 83 videos were reviewed and 465 

interaction events were identified. The total of 3,688 through cyclist movements, 6,522 right-turn vehicle 

movements and 23,512 individual pedestrian crossings were being recorded. The results of this showed that the 

pedestrian volume was found to be associated with a positive impact on cyclist safety when vehicles yielded to 

the cyclists while making a right turn movement across the cyclist path. 

Llorca et al. (2017) investigated that this research characterised 2928 overtaking manoeuvres in the overtaking 

lateral clearance between motor vehicle and bicycle, as well as in the motor vehicle speed. Besides, this study is 

allow to characterisation of the overtaken vehicle type, its left lane occupation as well as its interaction with 

opposing traffic flow. For each session, rider’s general risk perception was also registeredResults showed that 

effect of heavy vehicles on bicyclists was also strong. In addition to this, the combined factor of clearance and 

speed was higher on tangent sections where overtaking was permitted. So that the behaviours of motor vehicles 

overtaking cyclists on two-lane rural roads. 
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3. OBJECTIVE AND METHODOLOGY 

3.1 OBJECTIVE 

• To evaluate the Bicycle traffic affecting vehicle operation on urban street. 

• To Analyse the features of Bicycle traffic flow and speed under different traffic situation. 

3.2 METHODOLOGY 

This study can be divided into two stages: first stage will consist of literature review and selection of appropriate 

criteria and identifying suitable sub-factors under each criterion. Literature review has helped for better 

conceptualization of the study and identification of factors influencing choice of bicycle as a mode of transport. 

The second part consists of designing questionnaire using standard five point liker scale, data collection, 

analysis and interpretation of results to find out local and global weightages for different factors. The adopted 

methodology is diagrammatically shown in Figure 1. 

 

Figure 1. Flow Chart 
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3.3 GUIDELINE FOR SELECTION OF SECTION 

Field investigation to be conducted to obtain the traffic flow information for the data analysis in the 

study. The urban streets selected for data collection should satisfy the requirements as per IRC 9 

(1972) . 

 The streets should be have separate lanes with line segmentation.  

 The selected street sections should be far away approximate 100m from upstream and 

downstream intersections. 

 There should be no bus stop within the sections. 

 Vehicle traffic flow should be free flowing within the segment section. he bicycle traffic flow 

should vary largely to cover most traffic situation. 

4. DATA COLLECTION 

4.1 QUESTIONNAIRE TO CYCLIST 

 Gender 

 Age 

 Employment status 

 Education 

 Annual Income 

 Trip purpose 

 Neighbourhood network density 

 Cycling lane condition in the route 
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Table 1. Analysis of Questionnaire to cyclist 

 Survey  in no Survey in % 

Gender   

Male 250 71.43 

Female 100 28.57 

Age   

0–18 20 6.1 

19–45 200 61.0 

46–60 80 24.24 

>60 30 9.1 

Employment status   

Employee of state-owned enterprise 45 15.52 

Employee in private sector 40 13.79 

Worker in institutional organization 20 6.89 

Student 90 31.03 

Individual business 60 20.68 

Others 35 12.06 

Education   

Under middle-school academic qualification 30 30 

Bachelor or above 70 70 

Annual Income(Lac)   

<3.6 150 37.5 

3.6–7.2 100 25.0 

7.2–10.8 80 20 

10.8–14.4 30 7.50 

14.4–18.0 25 6.25 

>18.0 15 3.75 

Trip purpose   

Commuting 100 57.14 

Leisure and entertainment 40 22.86 

Household chores 35 20.0 

Neighbourhood network density(km/km
2
)   

<2.726 200 39.22 

[2.726, 4.303) 150 29.41 

[4.303–5.879) 100 19.60 

>5.879 60 11.67 

Cycling lane condition in the route   

Dash separated 250 46.29 
Barrier separated 170 31.48 

Mixed with motor 70 12.96 
Mixed with bus 50 9.26 
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4.2 TRAFFIC VOLUME AND TRAFFIC SPEED 

Traffic data was collected from Chandigarh city, India on five working days in good weather conditions. The 

data collection period was one  hour on each site, from 5 pm to 6 pm, covering  peak periods. This is to ensure 

the diversity of volume and traffic component during the investigation. In the field data collection, by the 

manually and video recording the investigated street sections to capture the overall traffic operations. During the 

data processing, the spatiotemporal information of each bicycle or vehicle was manually extracted by 

investigators from video tapes. The information includes the time that a bicycle or vehicle passes a defined 

location, the type of vehicle, and the lane that the bicycle and vehicle travels 

Table 2:Traffic Data Volume 

S. No Vehicle Type 

 

 

Name of Stretch 

Car Bike Bus Auto          Cyclist 

Main Track Cycle 

Track 

1.(a) New OPD to PEC Gate No.2  505 1311 74 309 129 112 

   (b) PEC Gate No.2 to New OPD 600 1019 74 229 76 196 

Sub Total Traffic Volume 1105 2330 148 538 205 308 

Total Traffic 4121             531 

2.(a) New OPD to Sector 11 Market 282 307 17 79 128 ---- 

   (b) Sector 11 Market to New OPD 271 301 14 56 74 ---- 

Sub Total Traffic Volume 553 608 31 135 202 ---- 

Total Traffic 1327 202 

3.(a) PGI Intersection to Sector 15 

Book Market 

1067 1265 73 447 10 177 

   (b) Sector 15 Book Market 

to PGI Intersection 

916 1202 58 433 25 190 

Sub Total Traffic Volume 1983 2467 131 880 35 367 

Total Traffic 5461 402 

4.(a) Sector-17 Intersection to Rock 

Garden 

1168 1162 23 350 08 286 

   (b) Rock Garden to Sector-17 

Intersection 

1365 1261 18 329 10 305 

Sub Total Traffic Volume 2533 2423 41 679 18 591 

Total Traffic 5676 609 

5.(a) Gurudwara Chowk to GMCH 32 1290 1394 80 485 5 149 

   (b) GMCH 32 to Gurudwara Chowk 1330 1375 81 490 9 202 

Sub Total Traffic 2620 2769 161 975 14 351 

Total Traffic 6525 365 
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From the above table We calculate the percentage the cyclists using the cycle track. Percentage of Cyclists 

among Total cyclists that are moving on Cycle Track at Stretch (1) is = 58%. Percentage of Cyclists among Total 

cyclists that are moving on Main Track at Stretch (2) is = 100%. Percentage of Cyclists among Total cyclists that 

are moving on Cycle Track at Stretch (3) is = 91.3%. Percentage of Cyclists among Total cyclists that are 

moving on Cycle Track at Stretch (4) is = 97.04%. Percentage of Cyclists among Total cyclists that are moving 

on Cycle Track at Stretch (5) is =96.14% 

Table 3:Traffic Data Speed 

S. No Vehicle Type 

 

 

 

Name of Stretch 

Car 

Speed 

(km/hr) 

Bike 

Speed 

(km/hr) 

Bus 

Speed 

(km/hr) 

Auto 

Speed 

(km/hr) 

Cycle Speed 

      (km/hr) 

Main 

Track 

Cycle 

Track 

1.(a) New OPD to PEC Gate 

No.2  

48.67 47.67 38.34 39.34 17.13 13.24 

   (b) PEC Gate No.2 to New 

OPD 

47.65 47.12 38.23 39.35 17.23 15.21 

2.(a) New OPD to Sector 11 

Market 

32.34 35.23 30.13 34.24 10.01 ---- 

   (b) Sector 11 Market to New 

OPD 

31.27 34.67 31.04 33.25 11.11 ---- 

3.(a) PGI Intersection to Sector 

15 Book Market 

48.78 49.11 37.23 34.34 19.26 13.45 

   (b) Sector 15 Book Market to 

PGI Intersection 

47.35 48.12 35.54 33.24 19.21 15.23 

4.(a) Sector-17 Intersection to 

Rock Garden 

44.67 49.21 43.68 39.13 17.79 14.25 

   (b) Rock Garden to Sector-17 

Intersection 

43.23 46.32 44.34 34.01 17.34 16.21 

5.(a) Gurudwara Chowk to 

GMCH 32 

49.53 46.34 35.23 40.31 18.23 15.32 

   (b) GMCH 32 to Gurudwara 

Chowk 

48.83 47.33 34.34 41.08 18.34 15.45 
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5. ANALYSIS AND RESULTS 

The cumulative curve method can extract most of the important traffic flow parameters from video data. As 

shown in Figure:2 the arriving location A and the leaving location B are marked in the selected street section. 

The distance between the two locations is 𝐿. The accurate time that each bicycle front wheel passes the location 

A and B was recorded, which is denoted as 𝑡a and 𝑡b respectively. If a bicycle travels on both bicycle lane and 

vehicle lane, the position was designated as the lane that the bike spends the most time travelling on. With the 

arriving and leaving time information of each road user, we can construct the cumulative count curves for the 

location A and B separately, as shown in Figure 3.(a,b,c,d,e) In the figure the 𝑥-axis is the time and the 𝑦-axis is 

the cumulative count of bicycles that have passed the corresponding location before the time point. With the 

cumulative curves, as shown Figure 3, the slope of the curve within any short period Δ𝑡 is the number of 

bicycles that pass the location within the period, which can be calculated as traffic flow. The vertical difference 

between the two curves at time 𝑡 is the number of bicycles within the study section at that time, which can be 

calculated for traffic density. 

The relationships between bicycle traffic flow parameters are shown in Figure 4 shows the relationship between 

speed and density and Figure 4 shows the relationship between bicycle flow and density. The flow increases 

linearly with the density indicating that the bicycle traffic within the street section is not congested. 

 

                            Figure 2. Data Recording Section 

 

 

Where :- 

cc1 – cumulative curve at stretch 1 

cc2 – cumulative curve at stretch 2 

cc3 – cumulative curve at stretch 3 

cc4 – cumulative curve at stretch 4 

cc5 – cumulative curve at stretch 5 
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(e) 

Figure 3. Traffic flow information from cumulative curves    

 

Figure 4. shows the relationship between bicycle speed and density. The relationships between bicycle traffic 

flow parameters are shown in Figure 5. The relationship between bicycle flow and density shows in each 5-

minute period. The flow increases linearly with the density indicating that the bicycle traffic within the street 

section is not congested. 

Two important features are identified:  

(1) The average bicycle speed decreases slightly as the density increases but the flow is still increasing. 

(2) When density becomes large the variation of bicycle speed decreases remarkably. This is because faster 

travellers are forced to ride at the average speed when there are many bicycles in the road segment. As shown in 

Figure 4, consistent findings are found on different urban street sections. 
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Figure 4. Relationship between bicycle speed and bicycle density 

 

Where:- 

sd1 – speed density curve at stretch 1 

sd2 – speed density curve at stretch 2 

sd3 – speed density curve at stretch 3 

sd4 – speed density curve at stretch 4 

sd5 – speed density curve at stretch 5 
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Figure 5.Relationship between bicycle flow and bicycle density 

Where:- 

fd1 – flow density density curve at 1 stretch 

fd2 – flow density density curve at 2 stretch 

fd3 – flow density density curve at 3 stretch 

fd4 – flow density density curve at 4 stretch 

fd5 – flow density density curve at 5 stretch 
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It was found that disturbance of bicycle traffic on vehicle operation is more severe on the outer lane as 

compared that on the inner lane. It suggests that, for those streets with only one vehicle lanes, the interaction 

between vehicle and bicycle is more severe since vehicles do not have other lane choices. Vehicle traffic on the 

streets with more travel lanes is less impacted by the bicycle traffic. 

             Figure 6. shows the number of bicycles that travel into vehicle lanes. It is clear that more bicycles travel 

into vehicle lanes as the bicycle density increases. Figure 7. shows the speeds of bicycles travelling on bicycle 

lanes and vehicle lanes. The average bicycle speed on vehicle lanes is 19.87 km/h, which is much higher than 

that on bicycle lanes which is 14.04 km/h. 

Where:- 

bvd – Bicycle vol density ; Vm – Bicycle speed on main track ; Vc – Bicycle speed on cycle track  
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  Figure 6. No of Bicycle travel on main track            Figure 7. Bicycle Speed on Cycle track and Main track    

7. CONCLUSION AND RECOMMENDATION 

This study has evaluated the impacts of bicycle traffic on the operation of vehicle traffic on urban streets. Video 

data was collected on five street sections in Chandigarh, India. The cumulative curve method was considered to 

extract the individual bicycle/vehicle speeds and aggregated traffic parameters including the flow and density. 

Firstly impact of bicycle traffic on vehicle speeds from the traffic flow features was analysed. The results of this 

study shows that the average speed as well as the speed variation of bicyclists decrease as the bicycle density 

increases. Also the bicycle density or the number of bicycles in vehicle lanes increase. When the bicycle density 

increases then bicycles movement more into the vehicle lanes. The impacts of those variables can be quantified 

according to the parameter coefficients. Though data were collected under the good weather environment in 

Chandigarh, findings of the study can also provide information for bicycle infrastructure design in other regions. 
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            The findings of this study can provide useful information for policy making. On many streets within 

urban areas, there is no on-street lane such that bicycles and vehicles are forced to run on the same travel lane. 

Under such condition the impact of bicycle traffic on vehicle operation could be different from what is presented 

in our study. In the future, study effects could be put on evaluating the interactions between bicycles and 

vehicles in mixed traffic flow on shared-use paths. The results can be compared with those in the present study 

to give some instructions on the on-street vehicle lane designs. 
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