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Implications for Installing Bike Boxes 

Abstract Simulation Methodology & Results 

There is little understanding of how bike boxes affect intersection performance.  Therefore, this study is 

the first to quantify the expected impact on intersection delay for bicyclists, personal vehicles, and urban 

freight resulting from implementation of a bike box at a simple intersection.  This was completed by 

running multiple simulation scenarios of varied interarrival times and traffic composition distributions at 

traditional and bike box intersections based on data collected from two locations in New York City, NY.  

These simulations allow delays to be realistically analyzed for a wide range of intersections and traffic 

compositions that do not currently exist.  The simulation results highlight the fact that cyclists benefit the 

most from the introduction of bike boxes with significantly shortened queue wait times.  Personal 

vehicles and urban freight vehicles only experienced practically significant delays at the bike box, 

compared to a traditional intersection, under congested situations or when there are large groups of 

cyclists in the roadway.  Engineers can use this work to promote bike boxes at intersections where 

Cyclists benefit the most from the introduction of bike boxes.  Across all IATs and vehicle distributions, cyclists 

see at least 12s of queued time savings and upwards of 75s in congested situations.  Personal vehicles and 

urban freight vehicles only experienced practically significant delays at the bike box, compared to a traditional 

intersection, under congested situations when the IAT was less than 15s or there were large groups of cyclists in 

the roadway.  In these situations, the bike box is promoting cyclists to the point that it may hinder the traffic flow 

at its peak volumes.  However, it is likely that if traffic volumes and congestion were this high, urban greenways 

or bike boulevards would be considered instead, as cyclists would prefer to avoid these roadways.   

In other words, bike boxes reduced average bike wait times significantly while having little effect on all other 

traffic under non-congested traffic flow. This information is useful as it refutes the common assumption that bike 

boxes only benefit bike traffic while degrading the intersections ability to process all motorized vehicles. 

Combined with the assumption that bike boxes enable safer mobility for bicyclists, bike boxes are a better 

alternative to non-bikes in intersections with similar characteristics as those presented in this research. 

Growing Interest in Bike Boxes 

Measure User Type Distribution 

Traditional Bike Lane Intersection Bike Box Intersection 

Parameters (s) 
Chi-Squared  

Goodness of Fit 
Parameters (s) 

Chi-Squared  
Goodness of Fit 

IAT All Users Exponential (mean) 16.07 191.89 32.61 77.56 

Processing 
Time 

Personal Vehicles Log-Normal (mean, st. dev.) 0.86, 0.51 61.03 0.83, 0.49 19.92 

Urban Freight Triangular (min, mode, max) 1.00, 4.08, 6.00 0.5 0.81, 3.30, 5.32 3.96 

Bicycles Log-Normal (mean, st. dev.) 1.58, 0.50 19.65 1.58, 0.5 6.79 

 

Traffic Distr. 
(% B. / % PV. / % UFV.) 

Inter-Arrival Time Between Vehicles 

 
10s 15s 20s 25s 30s 

 

Diff. (s) t-stat Diff. (s) t-stat Diff. (s) t-stat Diff. (s) t-stat Diff. (s) t-stat 
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1 0 / 90 / 10 - - - - - - - - - - 

2 0 / 75 / 25 - - - - - - - - - - 

3 0 / 60 / 40 - - - - - - - - - - 

4 10 / 81 / 9 75.7 44.04 54.6 28.71 52.2 25.56 47.3 23.61 45.5 17.83 

5 10 / 67.5 / 22.5 77.2 48.77 58.4 50.99 51.7 33.20 49.7 17.19 47.1 20.48 

6 10 / 54 / 36 81.7 50.59 60.0 29.80 53.8 31.85 52.2 28.29 53.2 18.47 

7 20 / 72 / 8 40.9 46.56 24.2 40.02 22.1 29.67 21.4 41.28 19.7 20.49 

8 20 / 60 / 20 45.4 26.58 25.5 31.86 22.9 28.82 20.5 30.46 20.4 19.52 

9 20 / 48 / 32 47.2 33.72 27.1 23.96 22.4 30.60 22.2 43.32 20.8 24.34 

10 30 / 63 / 7 46.9 19.17 17.8 20.58 12.9 23.69 13.1 20.43 11.9 35.09 

11 30 / 52.5 / 17.5 55.2 19.34 17.9 19.54 13.9 30.56 11.9 33.98 12.2 25.28 

12 30 / 42 / 28 55.3 23.43 18.3 35.47 14.1 34.17 12.6 25.17 12.6 23.43 
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1 0 / 90 / 10 1.4 5.23 0.5 3.77 0.6 4.94 0.4 4.82 0.2 2.69 

2 0 / 75 / 25 1.9 5.46 0.8 6.50 0.4 3.82 0.5 6.82 0.3 3.18 

3 0 / 60 / 40 2.1 6.69 0.7 5.66 0.5 4.74 0.4 4.01 0.2 3.07 

4 10 / 81 / 9 -6.1 -20.72 -1.0 -7.87 -0.4 -4.78 -0.3 -3.76 -0.1 -1.47 

5 10 / 67.5 / 22.5 -6.4 -20.99 -1.1 -7.14 -0.2 -2.02 -0.2 -2.57 -0.1 -1.45 

6 10 / 54 / 36 -7.6 -15.89 -1.0 -6.27 -0.4 -2.98 -0.3 -2.57 -0.2 -2.30 

7 20 / 72 / 8 -13.2 -27.79 -2.8 -19.16 -1.1 -8.48 -0.7 -8.96 -0.2 -2.53 

8 20 / 60 / 20 -14.5 -29.70 -2.8 -23.43 -1.0 -10.07 -0.7 -6.93 -0.4 -4.63 

9 20 / 48 / 32 -16.3 -33.04 -2.9 -20.31 -1.1 -12.49 -0.5 -4.46 -0.4 -3.83 

10 30 / 63 / 7 -21.2 -36.32 -4.1 -26.41 -1.6 -12.63 -0.8 -7.10 -0.5 -10.29 

11 30 / 52.5 / 17.5 -23.2 -41.87 -4.1 -35.81 -1.6 -12.71 -1.0 -11.21 -0.7 -8.47 

12 30 / 42 / 28 -25.6 -29.95 -4.2 -28.34 -2.0 -16.30 -1.1 -9.09 -0.6 -5.28 
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1 0 / 90 / 10 1.7 6.08 0.4 1.66 0.3 1.22 0.1 0.69 0.5 2.67 

2 0 / 75 / 25 1.6 4.26 0.9 6.62 0.4 1.98 0.3 2.33 0.5 2.99 

3 0 / 60 / 40 2.2 6.72 0.6 4.16 0.4 2.36 0.5 3.05 0.5 4.41 

4 10 / 81 / 9 -5.8 -14.55 -1.0 -6.00 -0.7 -3.52 -0.1 -0.47 -0.2 -1.18 

5 10 / 67.5 / 22.5 -6.1 -19.91 -1.1 -4.87 -0.4 -2.19 -0.3 -1.57 0.0 0.08 

6 10 / 54 / 36 -7.6 -13.18 -1.0 -6.68 -0.5 -3.12 -0.2 -1.89 0.1 0.89 

7 20 / 72 / 8 -13.3 -24.12 -3.1 -13.88 -1.2 -5.01 -0.7 -2.44 -0.4 -1.60 

8 20 / 60 / 20 -14.8 -27.45 -2.8 -14.33 -1.0 -8.29 -0.8 -5.82 -0.3 -1.77 

9 20 / 48 / 32 -16.2 -28.14 -2.7 -17.32 -1.2 -9.61 -0.6 -3.97 -0.4 -2.84 

10 30 / 63 / 7 -21.5 -30.51 -4.0 -12.98 -1.5 -6.86 -0.8 -5.97 -0.6 -3.28 

11 30 / 52.5 / 17.5 -23.1 -37.80 -4.0 -17.19 -2.1 -12.33 -0.9 -5.16 -0.6 -3.82 

12 30 / 42 / 28 -25.6 -31.04 -4.3 -25.40 -1.9 -16.39 -1.1 -9.01 -0.8 -6.90 

Models Characterize User Behavior in Intersections 

 IAT and Processing Times distributions were consistent across both types of intersections 

 Models fit based on achieving high Chi-Squares with realistic parameters 

Traffic Impacts of Bike Boxes Unknown 

 Although the safety improvement of bike boxes 

has been previously investigated, little is 

known about how traffic performance, 

specifically intersection processing time, is 

affected by this configuration.  

 Simulation models have been used to study 

the trade off between bike lane traffic delay 

and non-motorized safety. 

 Past work found limited use of the box by 

cyclists, frequent encroachment of it by motor 

vehicles, and limited impact from bike box 

Collecting Traffic Behavior Baseline Data 

 Video data collected from multiple intersections in 
New York City, NY. 

 Data was collected for each processed vehicle by 
type (bicyclist, personal vehicle, or urban freight 
vehicle): time of arrival at intersection, time of 
departure from the intersection, and the state of the 
light at the arrival of the vehicle (red or green).  

 IAT (inter-arrival times): Difference between 
subsequent vehicles of the same type.  

 Processing time: Time it took a vehicle to pass 
completely through the intersection. 

 A total of 136 observations of all vehicle types at the 
bike box intersection and 238 observations at the 
traditional intersection.  

 Bikes rarely interacted with other vehicles, and 
cyclists only waited long enough to find a gap in the 
traffic before continuing, even when light was red.  

Queue Time Savings/ Delay Caused by Bike Boxes 

Innovative Simulation Scenarios Developed 

 Agent-based simulation model structures developed in 
Simio Software 

 Decisions at nodes and Travel between nodes 

120 Simulation Scenarios Modeled 

 Each simulation was either for the traditional or bike box 
intersection and used one of... 

 5 IAT distributions: 10 to 20 sec (in 5 sec intervals). 

 12 Traffic distributions: 0 to 30% bike mode share (in 
10% increments), with a 90/10, 72/25, and 60/40 split 
for personal vehicles / freight. 

 All replications were run with 100-hr simulations,  
with 10-hr warm up period. 

Codified Bike Box Intersection Network 

Codified Traditional Intersection Network 

Average Queue Wait Time per Personal Vehicle 

Average Queue Wait Time per Bicycle 

Average Queue Wait Time per Freight Vehicle 


