
  

Rethinking Bike Lane Design Standards: 
The Importance of an Operating Concept 

(Derived from “Understanding Bicycle Transportation” Workshop) 
Helen “Maggie” O’Mara, P.E. 
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ITE Western/Midwestern District Annual Meeting     Rapid City June 30, 2014 

Presenter
Presentation Notes
My paper and slide show are about the importance of an operating concept for bike lane design guidance
They’re derived from  the Caltrans “Understanding Bicycle Transportation” class
CLICK





  

Rethinking Bike Lane Design Standards 

 

A. Types of bike lane crashes we can minimize 
with an Operating Concept for design 

B. Why AASHTO Bike Guide and MUTCD bike lane 
guidance doesn’t minimize crashes  

C. Bike lane designs that reflect bike lane 
Operating Concept  
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Presentation Topics  

Presenter
Presentation Notes
I’ll talk about the 4 types of bike lane crashes we can minimize, 

Why current guidance doesn’t minimize those crashes,

And designs that reflect an operating concept
CLICK



  

A. Bike Lane Crashes We Can Minimize  
 

1) Right Hook – Right turning drivers collide with 
through bicyclists 

2) Left Cross – Left turning drivers collide with 
oncoming bicyclists 

3) Drive Out – Driver exits driveway/alley without 
yielding 

4) Dooring – Vehicle occupant opens door into 
bicyclist without yielding 
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Presenter
Presentation Notes
 We can reduce right hook, left cross, driveout, and dooring  crashes
CLICK






  

How Bike Crashes On Roads Occur 

 73% of car-bike crashes  are due to crossing movements 

Data Source: Federal Highway Administration 
† - Pedestrian and Bicycle Crash Types of the Early 
1990s 
‡ - Injuries to Bicyclists & Pedestrians - An Analysis 
      Based on Emergency Department Data 

29% 
MV-Bike† 

71% 
Non-Motor 

Vehicle‡ 

All 
Crashes 

73%  
  Crossing Movements 

(Intersections, Alleys, Driveways) 

27% 
   

Other 
Movements 

       

MV - Bike 
Crashes 

4 

Presenter
Presentation Notes
Consider the most common types of motor vehicle/bike crashes 

73%  happen  where turning movements occur – interchanges, intersections, driveways, and alleys

“Dooring” crashes are part of the remaining 27% and are common in urban areas, 

Comprising 3 to 6% of  bike crashes.
CLICK




  

 1. Right Hook Crash Risk vs Road Position  

 Driver 

 Edge 

Cyclist Position 
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Narrow curbside bike lanes don’t 
minimize  right hook crashes 
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Source: Dan Gutierrez/Understanding Bicycle Transportation Workshop 
 

Presenter
Presentation Notes
Narrow bike lanes at intersections  are a factor in right hook crashes. 

That’s why the laws of most states allow cyclists to leave a bike lane where right  turns are permitted.

CLICK




    

    Two Elements of Right Hook Crashes 

Cyclists in bike lane stay at edge 
at intersection 

Motorists fail to merge into 
narrow bike lane before right turn 
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Source: D Gutierrez/Understanding Bicycle 
Transportation Workshop 
 

Presenter
Presentation Notes

Motorists are required to merge into  bike lanes before turning (except in Oregon),  but narrow bike lanes deter them,  because they must straddle the bike lane instead of driving completely within a lane.

And through bicyclists  tend to stay in bike lanes at intersections. 

A right hook can occur  when a motorist doesn’t merge into a bike lane and a through cyclist stays to the right .

CLICK




  

    2. Left Cross Crash Risk vs Road Position 

 Driver 

 Edge 

Cycling Positioning 
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Narrow bike lanes next to curbs 
don’t minimize left cross crashes 
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Source: D Gutierrez/Understanding Bicycle Transportation Workshop 
 

Presenter
Presentation Notes

 Left turning drivers aren't looking for cyclists at the road edge.  

They’re looking for oncoming vehicles  in traffic lanes.  Edge Cyclists going 15 mph are traveling 22 fps, so they appear out of nowhere to motorists.
CLICK
  



  

3. Drive Out Crash Risk vs Road Position  
Source: D Gutierrez/Understanding Bicycle Transportation Workshop 

 Driver 

 Edge 

Cyclist Positioning 
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Narrow bike lanes 
don’t minimize drive 
out crashes 
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Presenter
Presentation Notes
Motorists exiting driveways are scanning  the traffic lane

After yielding to pedestrians,  motorists often pull up to the edge of the traffic lane, instead of looking left for cyclists close to the curb.
CLICK




  

    Crossing Crash Avoidance  
Source: D Gutierrez/Understanding Bicycle Transportation Workshop 

 Driver 
 Edge 

Cyclist Positioning 

Position further to left minimizes right 
hook, left cross , & drive out crashes  
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Presenter
Presentation Notes
Bicyclist  positioning further from the road edge can decrease these crashes.

CLICK




  

4. Dooring Crash Risk – 12’/7’ Bike Lane 
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Source: www.iamtraffic.org 

Presenter
Presentation Notes
The fourth crash type is being hit by a parked vehicle’s opened door, or swerving to avoid it,  and colliding with moving traffic.
The “door zone” is the width  that an opened door extends plus a foot of shy distance to a handlebar end or the wheel of an adult tricycle or trailer.
For many vehicles parked a foot from the curb, an opened door extends  about 10.5’ from the curb
So the closest  the bike’s edge should be to the curb. Is 11.5’.
CLICK





  

Impossible to Avoid Door Zone in 12’/7’ Bike Lane 

12’/7’ striping per AASHTO Bike Guide  
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Source: Vinny R, English Wikipedia Project 

Presenter
Presentation Notes

This is a cyclist in the middle of a 5’ BL next to 7’ parking. 
I’m going to call that a 12/7 BL
 
Those are the 4 crash types.
CLICK


http://en.wikipedia.org/wiki/File:Door_zone_closed.jpg


  

  Operating Concept For Bike Lanes 

 
1. Design for bicyclists with less 

confidence/crash avoidance skills.  

2. Apply traffic lane design principles 

3. Minimize exposure to hazards: 
• turning, drive out, door zone 
• road surface, debris  

4. Induce safe behavior: yielding, 
merging into  bike lane to turn  
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Photos: D Gutierrez Understanding Bicycle Transportation Workshop 

Presenter
Presentation Notes
To minimize crashes, bike lane design should be based on a sound operating concept: (click)
Design for cyclists most likely to use bike lanes . (click)
Design bike lanes like traffic lanes, with clearance on each side of the bike  and no unexpected lane  shifts or drops (click)
Minimize exposure to hazards  (click)
 and Induce correct yielding and merging behavior

I’ve provided copies of this list so you can refer to it.

(click)



  

Rethinking Bike Lane Design Standards 

A. Types of bike lane crashes we can minimize 
with an Operating Concept for design 

B. Why AASHTO Bike Guide and MUTCD bike lane 
guidance doesn’t minimize crashes  

C. Bike lane designs that reflect bike lane 
Operating Concept  
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Presenter
Presentation Notes
Let’s look at why existing guidance doesn’t minimize crashes.
(click)



  

 30” Cyclist Needs 4-5’  Operating Space  
Doesn’t include “shy distance” to 
objects 
No guidance on clearance to traffic 

Source:  AASHTO Guide for the Development of Bicycle Facilities 2012  4th Ed 

AASHTO Bike Guide - Bicyclist Operating Space   
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Presenter
Presentation Notes

AASHTO  says a 30” bicyclist needs 4 to 5’ of space,  which includes normal side to side  movement.

It  doesn’t include shy distance from objects or moving traffic.

AASHTO also says cyclists should stay out of door zone.

But AASHTO’s figure aren’t to scale. Compare how much of a 5’ lane a cyclist actually occupies to the figure.

(click)
 


http://en.wikipedia.org/wiki/File:Door_zone_closed.jpg


  

AASHTO 2012 Bike Guide – Bike Lane & Parking Width 

Fig 4-14 Typical Bike 
Lane Cross Section 
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Presenter
Presentation Notes
 like this figure, and guidance doesn’t provide clearance from hazards.  or show vehicles parked 18” from curbs with opened doors.

It’s minimum 12/7 bike lane doesn’t allow bicyclists to use bike lane and stay out of the door zone. Only 6’’ of the bike can be in the bike lane.  Is that the operating concept?

Where parking’s prohibited, the 5’ minimum bike lane includes the gutter.

The minimum 3’ of rideable area doesn’t provide 4 to 5’  of operating space or clearance to the traffic lane. A  stationary 30” wide child trailer has only 3” to the gutter and lane lines.

And as we’ll see shortly, these designs don’t miminize  right hook crashes  or prepare  bike lanes for intersections.
(click)
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From: Truewheelers.org 

Bike Lane and Parking Width – To Scale 

•Shows open door 
 

•Vehicle 1’ from curb 
 

•1’ shy distance 
between cyclist edge 
and door edge 
 

Presenter
Presentation Notes
This is a figure to scale.  Note that a cyclist riding 1’ clear of door is just outside bike lane stripe.



  

AASHTO Bike Guide – Bike Lane Shifts Left for RT Lane 

•Is Bike Guide correct? 
•Through bicyclists merge left, turning motorists merge right 
•Who should yield?  It’s ambiguous 
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Presenter
Presentation Notes
Narrow curbside bike lanes may suddenly drop, then hop left at right turn lanes 
AASHTO  allows this  design
AASHTO says through bicyclists should yield, but that’s  not true in the unstriped area.
Through cyclists are merging left and turning motorists are merging right.  
Neither clearly has the right of way.  It creates a game of “chicken”
(click)







  

Bike Lane Shifts For Right Turn Lane 

Failed attempt to rectify yielding ambiguity 
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Source:  D Gutierrez/Understanding Bicycle Transportation Workshop 

Presenter
Presentation Notes
Here’s what often happens.
The dotted line and sign attempt to convey that motorists must yield, but they conflict with the geometry.
(click)




  

MUTCD - Bike Lane Striping at RTOLs  
MUTCD 
Fig 9C-4 

MUTCD 
Fig 9C-5 
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Presenter
Presentation Notes
 These MUTCD figures for a Bike lane with RT lane follow the Operating Concept.

But in other cases, the guidance falters.
(click)





  

MUTCD Bike Lane Striping Figures 

One-
way 
road 

MUTCD 
Fig 9C-1 
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MUTCD 
Fig 9C-6 

Two-way 
road 

No standards or guidance for striping or parking setback from corner 

Presenter
Presentation Notes
The MUTCD provides  striping “examples”,  but no guidance requiring dotting of BLs to induce merging , nor  minimum parking setbacks from corners so motorists can enter bike lanes before turning.

Let’s see how this plays out.
(click)






  

Driver Fails to Enter 6’ Bike Lane Next to Parking 
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Need MUTCD guidance for “no parking” setback from corner to 
induce drivers to merge into bike lanes before turning  

Source: Google Earth 

Presenter
Presentation Notes

This is a MUTCD-compliant design.

Motorists can’t merge into  the bike lane before turning, setting up a right hook.

Guidance based on an operating concept would  have minimum parking  setbacks so motorists can enter and turn from bike lanes as required by the laws of all states except Oregon.

(click)





  

Bike Guide/MUTCD Compliant Bike Lane (no parking) 

 Bike lane  encourages cyclist to stay 
in right hook position 
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Source: Understanding Bicycle Transportation Workshop 

Do drivers recognize narrow 
bike lane as right turn lane? 

Presenter
Presentation Notes
Let’s look at curbside bike lanes at intersections.

We know from  almost 40 years of bike lanes that motorists don’t merge into and turn from narrow curbside bike lanes,

MUTCD allows green bike lanes, But colored pavement experiments show they don’t significantly reduce conflicts and crashes, and that they deter motorists from merging into the bike lane.

This conflicts with  a bike lane operating concept.

(click)





  

Bike Lane Next to Parking - 13/8’ Bike Lane too Narrow 
Curb 

G
utter 

32  31  30  29  28  27  26  25  24  23  22  21  20 19  18  17  16  15  14  13 12  11  10   9    8    7    6    5    4    3    2    1    0 

Shy 
1.5’ 

Close 
Pass 
Zone 

Door   
Zone 

80” Wide 
SUV, Van 
or Truck; 
40”door Entire bike lane in hazard zones 

23 Source:  D Gutierrez/Understanding Bicycle Transportation Workshop 

Presenter
Presentation Notes
Let’s look at bike lanes next to parking.
If  12’/7’ is too narrow, what’s wide enough? 
AASHTO recommends  a 6 to 7’ bike lane next to 7’ parking, 
but  a cyclist is still in door zone of a 13’ bike lane, with no clearance to the traffic lane.

(click)




  

13/7’ Bike Lane Per Bike Guide Recommendation 

•Is riding on the bike lane stripe the Operating Concept? 
 

•Where should a bicyclist with a child trailer operate? 
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Source:  Ed Cox Source:  Cyclemoco.com Source:  Cyclemoco.com 

Presenter
Presentation Notes
That’s why these bicyclists are hugging the lane line. 
Imagine a bike with a child trailer.  
Is that the operating concept? 
Shouldn’t the operating concept be riding  completely within  the bike lane, like traffic lanes?

(click)




  

Bike Guide - Recommended “Wider” Bike Lanes  

14’/9’ Striping 14’/8’ Striping 

BL stripe at 14’ is still a door zone bike lane 
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Source: www.labreform.org Source: D Gutierrez/Understanding Bicycle Transportation Workshop 

 

Presenter
Presentation Notes
Even  a  BL stripe  at 14’ is too close.

In the figure on the right, there’s just enough space for a bicyclist’s width outside the door zone, but no operating space,  shy distance from the door or  clearance to the traffic lane.  

What’s the operating concept for these bike lanes? 

(click)




  

Rethinking Bike Lane Design Standards 

 

A. Types of bike lane crashes we can minimize 
with an Operating Concept for design 

B. Why AASHTO Bike Guide and MUTCD bike lane 
guidance doesn’t minimize crashes  

C. Bike lane designs that reflect bike lane 
Operating Concept  
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Presenter
Presentation Notes
Bike lane design should reflect  an Operating Concept..

(click)



  

15’/11’ - Out of Door Zone But Not Enough Clearance to Traffic  
Curb 

G
utter 

32  31  30  29  28  27  26  25  24  23  22  21  20 19  18  17  16  15  14  13 12  11  10   9    8    7    6    5    4    3    2    1    0 

shy 
1.5’ 

Close 
Pass 
Zone 

Door  
Zone 

80” Wide 
SUV, Van 
or Truck; 
 40” door 

 parking stripe at 11’ from 
curb guides cyclist out of 
door zone. 
 
not enough clearance to 
traffic  

27 Derived from D Gutierrez/Understanding Bicycle Transportation Workshop 
 

Presenter
Presentation Notes
Bike lanes next to parking need  to give cyclists clearance for the door zone  and to the traffic lane.

A bike lane at 15’ is out of door zone but still doesn’t  give  cyclists much clearance to traffic.

What if the traffic is a bus?

(click)




  

16’/11’ Should Be The Minimum Next to Parking 
Curb 

G
utter 
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LE 
1.5’ 

Close 
Pass 
Zone 

Cyclist has clearance on 
both sides 

Door  & Shy 
Zone 

80” Wide 
SUV, Van 
or Truck 
with door 
40” wide 

28 Derived from D Gutierrez/Understanding Bicycle Transportation Workshop 

Presenter
Presentation Notes
16’  should be the minimum, allowing  a cyclist to position herself at 13’, in about the center of the bike lane , whether she’s  using a conventional bike, an adult tricycle, or  towing a child in  trailer, and is the position  the ITE Traffic Control Devices Handbook  recommends to center a sharrow.

It Gives cyclist just about 2’ to traffic lane and 4’ of operating space.

 It Applies  the bike lane operating concept 

(click)
 



  

16’/11’ Should Be The Minimum Next to Parking 

Redondo Beach, CA 
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Source: D Gutierrez/Understanding Bicycle Transportation Workshop 

Presenter
Presentation Notes

This  is a 16’ bike lane.

(click)




  

17’/12’ Bike Lane Preferred Next to Parking 

Redondo Beach, CA 
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Source: D Gutierrez/Understanding Bicycle Transportation Workshop 

Bicyclist is clear of door zone anywhere in bike lane 

Presenter
Presentation Notes
’. 
A 17’ bike lane is better on grades, where cyclists need more operating space, 

They can ride further to the right  for more clearance to traffic on  high speed roads.

(click)




  

Right Buffer Warns Bicyclist of Dooring Hazard 

Adequate 
Door zone 
buffer 
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Source: D Gutierrez/Understanding Bicycle Transportation Workshop 

18’ curb to stripe 

Presenter
Presentation Notes
Here’s an 18’ lane including  two buffers.

The right buffer can be marked for the door zone

The MUTCD needs to incorporate guidance for door zone buffers.

(click)




  

 Move Buffer From Left of Bike Lane to Door Zone 

Buffer 

Std BL 

32 
Source: D Gutierrez/Understanding Bicycle Transportation Workshop 

Presenter
Presentation Notes
This buffer would be more useful between the bike and parking lanes, 
(click)
to keep cyclists out of the door zone. 

(click)





  

Right Buffer Where Parking is Prohibited 

33 
Source:  D Gutierrez/Understanding Bicycle Transportation Workshop 

Presenter
Presentation Notes
This right buffer keeps the bike lane in consistent position.

Marking  the buffer prevents motorists from mistaking it for a traffic or parking lane.

(click)




  

 Left Buffer Can Increase Turning and Drive Out Crashes 

Car 

Bike 

•Induces motorist to merge late or turn across cyclist’s path 
•Induces cyclists to stay far to the right 
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Source: D Gutierrez/Understanding Bicycle Transportation Workshop 

Presenter
Presentation Notes
Left side buffers can increase  right hook, left cross, and driveout crashes 
Because they can deter motorists from entering the bike lane,
Encourage last minute merges,
And induce cyclists to stay FTR,
Failing the Operating Concept  Test
(click)





  

“Curb Diving” Left Buffered Bikeway  
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Source:  D Gutierrez/Understanding Bicycle Transportation Workshop 

Bike lane hugs curb instead of maintaining a consistent lateral position, 
forcing bicyclists to keep shifting position 

Presenter
Presentation Notes
We don’t design traffic lanes like this curb hugging bike lane.

(click)





  

Right Buffer Applies Operating Concept 
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Source:  D Gutierrrez/Understanding Bicycle Transportation Workshop 

Presenter
Presentation Notes
Moving the buffer to right  removes the shift.
(click)




  

Right Side Buffer, Parking Prohibited  - Midblock 

• Increases visibility of cyclists 
 

• Brings entire bike lane out of the gutter, away from crash hazards 
 

• Allows cyclist to control clearance to traffic lane 
1/15/2015 37 

Source:  D Gutierrez/Understanding Bicycle Transportation Workshop 
 

Presenter
Presentation Notes
Between intersections , right buffers can increase cyclist visibility and get them further from driveout conflicts.

They prepare for intersection designs that minimize left cross and right hook crashes.
(click)






  

Right Side Buffer - Midblock 

Right Side 
Buffer 

Constant 
Lane Width 
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Source:  D Gutierrrez/Understanding Bicycle Transportation Workshop 
 

Presenter
Presentation Notes
Here’s an example.
(click)






  

Right Side Buffer -  Midblock 

1/15/2015 

4’ buffer is too narrow to mistake for parking lane 
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Source:  D Gutierrrez/Understanding Bicycle Transportation Workshop 
 

Presenter
Presentation Notes
And another
(click)




  

 Intersection Approach – Right Buffer 

80” width 
Truck/Van/SUV 

• Buffer is dropped for right turns from bike lane 
• Bike markings on left to show position for through travel 
•            Add sign to MUTCD ? 

1/15/2015 40 

Source:  D Gutierrez/Understanding Bicycle Transportation Workshop 
 

Presenter
Presentation Notes
The right buffer is dropped at intersections, alleys and driveways, to create a bike lane that’s wide enough for motorists to recognize as a lane they should enter to turn right.
It doesn’t need  a right turn arrow, since motorists must turn right from a bike lane.
A new sign in the MUTCD could be helpful, but isn’t required.
(click)




  

  Bike Lane Dropped for Right Turn Lane 

41 

Source:  D Gutierrez/Understanding Bicycle Transportation Workshop 
 Yielding Ambiguity 

Presenter
Presentation Notes
Remember this ambiguous  game of chicken design?
Isn’t it better to drop the buffer, 
(click)




  

Compare to Wide Bike Lane at Intersection  
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Source: D Gutierrrez/Understanding Bicycle Transportation Workshop 
 • Encourages merge into BL for right turns 

• Adequate clearance from adjacent traffic lane 

• Consistent/continuous travel path, aligns with 
bike lane on far side 

 

•  Minimizes drive out crash risk 

• Bicyclist more visible to oncoming left 
turning traffic 

Presenter
Presentation Notes
to widen  and continue the bike lane,  making it clear that motorists should yield to bikes and enter the bike lane before turning?

It’s continuous, familiar, and less expensive to install and maintain than dropping the bike lane for a RT lane, or having a bike lane that  hops to the left.

(click)




  

Right Buffered Bike Lane – Near Side & Far Side 

1/15/2015 

San Pedro,CA 
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Source: D Gutierrez/Understanding Bicycle Transportation Workshop 
 

Presenter
Presentation Notes

Right buffers can prepare for wide bike lanes or bike lanes to left of RT lanes at intersections
The Sign’s not quite right – bicyclists don’t have to turn right.
(click)




  

  

BL drops for RTL 

44 

RTL,  exception for 
through bikes Continuous wide BL 

Compare 3 Intersection Design Options 

Wide BL  Applies 
Operating 
Concept 

POOR BETTER BEST 

Source: D Gutierrez/Understanding Bicycle Transportation Workshop  Source: John Ciccarelli 

Presenter
Presentation Notes
The design on the left creates  yielding ambiguity 
It’s  difficult for bicyclists on high speed roads  to merge into and control the through lane, and can induce  through  cyclists to illegally stay in the RT lane
The center concept, a RT lane that allows bike through movement,  is proposed for the MUTCD.
It needs a a sign stating that cyclists may go straight.  Sharrows don’t exempt them from mandatory right turns. They’re for lateral positioning.
A wide bike lane, shown on the right, has advantages.
It’s continuous, familiar, less expensive to maintain, and requires no sign exempting bikes from turning.
It implements the operating concept.
It’s the best treatment when a straight, continuous bike lane can’t be provided to the left of a RTO lane.
(click)




  

iamtraffic: Drop Buffer – Use BL for Right Turns 
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Presenter
Presentation Notes
The I AM Traffic website discusses this treatment.

(click)




  

Rethinking Bike Lane Design Standards - Summary 
 

A. We can minimize  bike lane crashes with an Operating 
Concept for bike lanes 

B. Improve  AASHTO Bike Guide and MUTCD guidance 
with a sound bike lane Operating Concept 

C. You can use bike lane designs that apply an Operating 
Concept  now 

46 

 

Presenter
Presentation Notes
In summary, we can reduce bike lane crashes by applying an “Operating Concept” approach.

You can apply an Operating Concept to bike lanes now, but  we need to revise AASHTO and MUTCD Guidance because States and Cities look to them.

I encourage you to read my paper for more detailed information.  It’s posted on the conference website.

Thank You.
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