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design for people

Cars, trucks, buses, trains, bicycles, people

The need for us to better focus on people (bicyclists and pedestrians) on our
roadways calls for us to rethink much of our approach to planning, design and
operation of our roadways.
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Design Vehicles

Not a one size fits all solution

The essence of designing roadways is understanding the design vehicles that will use
the roadway and how each will interact in a way that is safe, convenient and
equitable.



Cars, trucks & Buses

Variety of sizes speeds and operational capabilities. Specific parameters

LD

The motor vehicle is traditionally the most widely understood of the design
“vehicles”. Much of the state of practice for design has a linear focus on the
performance characteristics of motor vehicles, including travel speeds, lane widths,
and turning radii. Sometimes our efforts to accommodate the largest vehicles can
result in “overdesign” of roadways that has unintended consequences that impact
bicycles, pedestrians and the quality of the roadside environment. It is essential that
we adequately define the user needs of the street to design for the appropriate users
while controlling for the occasional larger vehicle that may need to transverse the
route.



Bicycles

Growing variety of shapes and sizes, Less predictable
performance

Bicycles are fairly consistent in design and operational characteristics but can vary in
size, type and user capabilities. Additionally predicting where bicycling will occur
requires us to improve our understanding of the perception of bicyclists in terms of
comfort, safety, and convenience.



Pedestrians

Lowest speed, highest diversity of needs and abilities

The pedestrian is the least defined user of the roadway. People come in all shapes
sizes and abilities and present the greatest challenge to fully accommodate within our

roadways. Good design for the pedestrian will facilitate safe accommodation for all
modes.
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Street Crossings

Improving safety for bicycle
and pedestrian facilities
Lessons from US mistakes

The majority of our issues and conflicts for sharing roadways are associated with
our intersections. Intersections represent the conflict points where pedestrians,
bicycles and motor vehicles must cross paths. Good intersection design results

from providing clear indications of right-of-way and a common understanding of
appropriate behaviors.

Street Crossings - Part 1 General Principles 7
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Street Crossing Principles

Bicyclists and Pedestrians want and
need to cross the street safely

Drivers need to understand bicycle and
pedestrian intent

Keep Crossings Short
Speed Matters!

Bicyclists and Pedestrians will cross
where it is most convenient

There are several key principles to consider about bicyclists and pedestrians when it
comes to street crossings.

Street Crossings - Part 1 General Principles 8
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Too many drivers think they have the skills to drive fast, but driving is a complex
task, and a distraction can have tragic results at high speeds. Each of these points
will be explained in greater detail in the following slides.

Street Crossings - Part 1 General Principles
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Speed Affects Crash Avoidance/Severity

High speeds equate to greater High speeds increase likelihood of
reaction and stopping distance pedestrian fatality

As in any crash type, the likelihood that a crash will occur increases with speed, as the
distance traveled during reaction time is increased, and braking distance also increases.
But after a crash occurs, the chances of killing or severely injuring a pedestrian increase
exponentially with speed.

Street Crossings - Part 1 General Principles 10



AASHTO Guide for Development of Bicycle Facilities
Chapter 5 - Intersection Design

* Crossing types:
+ Mid-block suide for the Development of
* Sidepath B'CQCIE FUC”!.HEES
* Grade separated 2012 + Faurth Editian

* Selecting intersection control

* Assessing crossing treatments

What is referred to here as a mid-block crossing can also be looked at as
creating a new intersection.

Many states statutes define bicycles as vehicles and highways as any public
way open to vehicular traffic.

Thus a shared use path is a highway/street, albeit one on which motor
vehicles are prohibited, and

an intersection between a path and any other street should be treated similarly
to any other intersection of two streets.
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Intersection Design Principles

* Good geometric design

* Thorough understanding of
behaviors and operating
characteristics of all users

* Pedestrians
* Bicyclists
* Motorists

* Appropriate assignment of

right-of-way

What is the general reaction of a driver (bicyclist or motorist) to a stop sign?
Unless forced to stop by traffic on the cross street, typically just a rolling stop.
There needs to be a good reason to install a a stop sign.

What is your general reaction/response, as a traffic engineer, to requests for
neighborhood stop signs? - - generally no

What is the general rule of traffic at an uncontrolled intersection?
Driver on left yields to driver on right.

With path crossings we need to understand the needs and speed of different
users.

Conspicuousness

Maintain sight lines

Flat grades

right angles

Effective traffic control

Sufficiently spaced intersections

Curb ramp design is important as well, to both wheelchair users and bicyclists.
Especially the transition from the street at the curb to the ramp.

12



Designing for Pedestrian Safety - Wisconsin April - May 2013

Midblock vs. Intersection

* People choose based on their perceived risk
* The data is inconclusive

Tampa FL

Use this slide to emphasize the idea that to provide safer places for people to cross,
they have to consider human desire lines; people won’t travel far out of direction to a
crossing just because that’s where traffic engineers think people should cross. The
data is inconclusive in that we don’t know whether any given pedestrian is safer
when crossing at an intersection or when crossing midblock, especially if there is a
raised median. The next slides will clarify that it is legal to cross midblock; pedestrians
simply have to yield to traffic, unless a crosswalk is marked.

These photos present an interesting example of how people choose differently. Both
photos are taken along Fletcher Avenue in Hillsborough County, Florida (near Tampa),
and both feature a couple walking with a young child. The couple in the right photo
chose to cross midblock about 60 feet from a signalized intersection using the left
turn lane as a refuge, while the couple in the right photo chose to cross at a signalized
intersection. Both pictures show possible conflicts (on the left, cars might pull into
the left turn lane as they are standing there; and on the right, cars turning right on a
concurrent green signal are a common source of conflicts, like the van behind the
family).

Street Crossings - Part 1 General Principles 13



Conflicts At a Four-Way Interection

32 Vehicle 10

vehicle contlicts

24 Vehicle to

pedestrian conthcts

Four-way intersections are the most common type of intersection but also represent
the maximum conflicts for vehicles, bicycles and pedestrians. Four-way intersections
can be designed for safety and comfort, but only with a full understanding of the
conflict points and principles for reducing conflicts.



Conflicts at a Tee Intersection

9 vehicle to vehicle

contlicts

a |2 vehicle to
pedestrian conflicts
(one-half of 4-way)

The “T” intersection greatly reduces the number of potential conflicts, but also has
broader implications for network connectivity and accessibility.
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Conflicts At Roundabouts

N Vehicle to vehicle

contlicts

O 8 Vehicle to

l\g‘lln'\ll 1an contlicts

Roundabouts, when designed effectively, have been proven to be an effective tool for
managing conflicts for all users. One caveat, roundabouts work best as single lane
facilities, with each added lane in an approach or within the circulatory route, travel
speeds and the number of potential conflicts greatly increase to the point that some
complex roundabouts can exceed the number of conflict points of a traditional four-
way intersection. The added complexity of navigating these roundabouts can lead to
undesirable behaviors, including speeding.
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Key Roundabout Characteristics

* Circular shape, yield control on entry, and geometric features that
create a low-speed environment

No need to
«— Change lanes
ounterclockwlse to exit
circulation Yield signs
b _at entries

Goanerally
Cireuim
Bhape

-\
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Can have " Geometric and physical
more than ___ features that force
onelane slow speeds

A modern roundabout has the following distinguishing characteristics and design
features:

eChannelized approaches;

eYield control on all entries;

eCounterclockwise circulation of all vehicles around the central island; and

e Appropriate geometric curvature to encourage slow travel speeds through the
intersection.

Modern roundabouts are different from other types of circular intersections in use in
some parts of the United States. Roundabouts are typically smaller than the large,
high-speed rotaries still in use in some parts of the country, and they are typically
larger than most neighborhood traffic calming circles. Further discussion can be
found in the Roundabout Guide.

(See the Mini-Roundabout Technical Summary for more information about mini-
roundabouts).



Critical Consideration: Design Speed

* Design speed is defined by the theoretical speed drivers could achieve
through the roundabout

* Achieve an appropriate design speed for the entry movements and
consistent speeds for all movements

Achieving appropriate vehicular speeds entering and traveling through the
roundabout is a critical design objective as it has profound impacts on safety. A well-
designed roundabout reduces vehicle speeds upon entry and achieves consistency in
the relative speeds between conflicting traffic streams by requiring vehicles to
negotiate the roundabout along a curved path. Generally speaking, although the
frequency of crashes is most directly tied to volume, the severity of crashes is most
directly tied to speed. Therefore, careful attention to the design speed of a
roundabout is fundamental to attaining good safety performance.

The recommended design speed of a roundabout is primarily a function of the
number of lanes rather than the design speed of the intersecting roadways. The
design speed of a roundabout is defined by the theoretical speed that drivers could
achieve through the roundabout if taking the fastest path alignment through the
roundabout without regard to lane line striping, if present. This figure illustrates the
construction of the fastest vehicle path at a multi-lane roundabout. In practice, actual
speeds through the roundabout will be less than these theoretical values, as drivers
will be decelerating into the roundabout, yielding to other users, and staying within
their lanes (for multilane roundabouts). For single-lane roundabouts, typical
maximum theoretical entering speeds of 20 to 25 mph are recommended; for



multilane roundabouts, typical maximum theoretical entering speeds of 25 to 30 mph
are recommended. This design technique ensures that speeds observed in practice
will fall within a reasonable range.
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Local Example Roundabout
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This local example of a roundabout in Brasov has some positive attributes, but also

has some geometric elements and other complexities that may be less than optimal
for the urban context.



Local example: illustration of crossing issues
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This slide illustrates one of the unintended consequences of local roundabout design
where the crosswalks have been moved to mid-block away from the roundabout,
probably due to the number of entry and circulation lanes and potential travel speed
of vehicles within the roundabout. To get from A to B is a short distance as a crow
flies, but to navigate the crossings around the roundabout the trip distance for
walking is more than doubled as a pedestrian is forced to walk down from one
crosswalk to another and yet another to get to the destination. These out-of-the-way
movements are likely to result in pedestrians becoming frustrated in possibly crossing
at undesignated locations where they may be less safe. The solution — provide safe
crossings at more convenient locations by embracing traditional elements of good
roundabout design [next slide].
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Example: Roundabout design best practice

YIELD ENTRY PLACEMENT: Vehicles yield at
lon that optimizes visibility and

beyond pedestrian

GEOMETRY: Geometric and physical design

elements that force lower speed

This example of a roundabout in the state of Washington is likely to handle the same
capacity but provide the appropriate vertical deflection elements such as center
island placement, splitter islands and other associated offsets that will reduce speeds
and facilitate safe crosswalk placement within the functional area of the roundabout.
This design in more appropriate for urban context where pedestrians and bicyclists
are anticipated.
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Guiding Principles for Intersection Design

Observe
Peds/bikes will be there
Maintain/Improve

“Tee it up”

One decision at a time
Slow it down

Shorten crossings
Improve visibility
Clarify Right-of-Way
Keep it direct

Light it at night 1 o Actust Conts Mt

ACCESS FOR ALL - R2 - Enective Racius

CALTRANS Compiete Intersection Guide

These are some simple guiding principles for intersection design that help avoid some
of the design issues that can diminish the safety of an intersection for all users. The
illustration demonstrates how an actual curb radius can be kept to a minimum when
the approach and receiving lanes are offset to allow for a larger “effective” radius of
the intersection. This can be accomplished on urban streets where on-street parking
or bicycle lanes create additional effective space the can accommodate turning
needs, especially for buses and large trucks without increasing the actual radius [and
crossing distance] of the curb, improving connections for sidewalks and crosswalks at
the intersection.

22



Intersection Geometry

The effect of expanding curb radii has several critical impacts to the safety and
operation of an intersection

Sight lines become skewed forcing drivers to exceed the normal field of vision to
identify key conflicts, this also increases the likelihood the miss arriving conflicts in
the opposite direction. (EXAMPLE: Driver top left is approaching from bottom leg for
a right turn, the angle he needs to turn his head to see the primary conflict with W-E
motor vehicle traffic takes away attention from potential pedestrian crossings from
the right).

Tighter radii decrease turning speeds, while wide radii greatly increase the speed at
which vehicles can make a turn without stopping.

Wider radii increase the distance from the curb line that crosswalks need to be
marked in some cases even doubling this distance for pedestrian crossings which
increases pedestrian exposure to risk and increases the amount of time needed to be
programed for a signal to allow pedestrians to clear the intersection.
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Small radii

better for crossing

Curb Radii

Large radii

Design guides point out the obvious consequence of large corner radii: long
crosswalks. But there are other negative consequences: they “pull the intersection
apart” and make it hard to place ramps and crosswalks where pedestrians want to

Cross.
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Spllﬁéﬁslands IPeak up cr@ssings

In the United States many larger intersections can be modified to include refuge
islands that allow for the larger turning radius needed to accommodate truck traffic,
while reducing the crossing distance for pedestrians. The shorter crosswalks also
minimize the time needed to allow for pedestrians to cross during the signal cycle.
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RIGHT-TURN SLIP LANES
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Our traditional right turn slip lanes were focused on accommodating higher speeds
for turning movements. The thinking was that this improves operations and

efficiency by moving traffic faster. In reality, these designs increase danger of crashes
especially for pedestrians.
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RIGHT-TURN SLIP LANE DESIGN

Old Thinking Best Practice

wide Angle

Tighter angle

New

proposal

; ad ‘ _
High speed, low visibility of Vehicle speeds 14 to 18 mph, good
pedestrians, a real head visibility of pedestrians
lumer axry of Mich

The tighter angle design as shown on the right, seems only slightly different, but the
impacts on the speed and positioning of the turning vehicle will greatly reduce speed
and increase the visibility of conflicts while making the turn.

27



RIGHT-TURN SLIP LANE

50 1o 60 degree

‘/j angle between vehicle
Cut through _. .
ng 1 ar

medians and
islands for
pedestrians

7

T~ 150 to 275 feet radius

Bicycle lane

This slide provides a bit more detail of the geometry for what we call a “three-point
decreasing radius” right-turn slip lane design. This is especially useful for turns from

higher speed roadways where motorists will benefit from greater reduction in speed
before managing the conflicts at the intersection.

28



Urban Smart Channel [ottawa, canada]

Sometimes retrofitting the physical geometry of an intersection is cost prohibitive in
the near term. The Urban Smart Channel uses paint to tighten the radius and space
of the right turn slip lane. This also improved the ability of trucks to be
accommodated at these locations as they are able to trail across the paint to make
wide turns. One caveat — Where driver behavior is a concern, paint may not be
effective in channeling drivers who wish to go fast despite markings and signage.
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Local Example of design issues

SPEED: Wide radius turn lane increases speed

urning vehicles

alk positioned in

erationis likely,

This example of a slip turn in Brasov, demonstrates the wider radius and higher speed
design that can increase danger for pedestrian collisions or vehicle to vehicle crashes
where right-turning vehicles are accelerating through the turn and having to extend
their field of vision to an angle that forces them to be looking behind at the expense
of seeing conflicts in front of the vehicle [such as a pedestrian entering the
crosswalk].
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Local Example of good design

SE ISLANDS: Pedestrian refuge island
rotection an positions the
1 to be visible at crosswalks in both
direction
SLIP TURN DESIGN: Increasing radius design
slows vehicles and increa visibility of

conflicts for right turns

This other example from Brasov, shows some of the better slip turn designs and the
use of a physical island to better manage the conflicts with right-turning vehicles and
pedestrians while providing refuge islands that allow the pedestrian to be in a better

position to wait and cross with a shorter overall crossing distance. This is a more
appropriate design for urban areas.
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Crossing Islands

* Lower crash rates

* Beneficial at:
* High roadway volumes
* Wide crossings
* Crossing 3 or more lanes

* Widths

* Minimum width: 6 feet

* Preferred width: 10 feet
* consider platoons, two-way
path traffic and combination
vehicles such as a bicycle and
trailer

The most effective treatment to add to a path crossing is a refuge island since it
reduces exposure to traffic.

6 ft is the minimum but is tight, even for one bike.

A bicycle and trailer combination is 10’ long, thus it is desirable for a median to be 10’
wide.

Also consider how many bicyclists may have to use the refuge island at one time.
May want to widen the flat area / cut-through area to accommodate more bicyclists
as well as bicyclists traveling in both directions.

If you have to go with the minimum €', it is helpful to elongate the refuge and angle

the crossing so that a longer bike, such as one with a trailer, can fit sideways in the
middle.
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Multiple Threat Hazard

Multiple Threat Hazard:
First [closest] vehicle stops; second vehicle
overtakes/does not see the hazard

Most common cause of serious injury
crashes for pedestrians in the United States

Avoiding the multiple threat hazard is only achieved by increasing
the visibility [sight-distance] of pedestrians and vehicles

The fact that Romanian drivers have a high compliance for stopping for a pedestrian
in a crosswalk is a positive, but the habit of coming to a stop at the crosswalk has
some disadvantages and can result in some of the most dangerous conditions for
pedestrians. The illustration above shows this problem when the vehicle in the
closest travel lane comes to a stop at the crosswalk and the pedestrian proceeds to
cross. A vehicle in the other lane may not be aware of the pedestrian crossing and
may overtake [despite being illegal in the US, this is common] resulting in a potential
high speed conflict that is exacerbated by the fact the neither the drive or pedestrian
are in a reasonable position to see the conflict.

The solution to this is to position a stopping location in advance of the crosswalk so
vehicles, when stopping are a few car lengths back from the crossing allowing for
better visibility of these other conflicts for both the pedestrian and the overtaking
driver, who are much more likely to avoid the crash.
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Advance Stop orYield Lines

» Lower crash rates

» Effective on multi-lane crossings

FROM THE US Manual on Uniform Traffic Control Devices (MUTCD) Page 5-52, Figure
5-23, Advance Yield Signs and Markings

Advanced stop or yield lines, based on MUTCD, have also been shown to help reduce
crashes and create safer crossings for path users. These are supplemented by the
Yield (or Stop) Here For Pedestrians sign. Refer to your state laws if it is yield or stop
for pedestrians in crosswalks.

The advanced yield line helps prevent multiple threat crashes.

Once the first driver stops at the yield line, another driver approaching from the rear
still has a view of the crosswalk and time / distance to stop for a pedestrian before
reaching the crosswalk.
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Example: Local application — Advance Stop Bar

Local illustration of how an advance stop bar could be employed [with accompanying
signage indicating to STOP HERE FOR PEDESTRIAN IN CROSSWALK] to reduce the
multiple threat conflict.
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Midblock tools:
Median Refuge
Angled Crossing

Advance Stop
Bars

Signage

Beacons

Signalization

Illustration of multiple mid-block crossing tools being used in conjunction to improve
crossing safety and convenience.
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Design for Pedestrian Safety - Wisconsin

Resources

Guide for the
Planning, Desiga,
and Operation

HIGHWAY
SAFETY
MANUAL

FHWA: safety.fhwa.dot.gov
NHTSA: nhtsa.dot.gov
ITE: www.ite.org

April - May 2013

How o I\ .
Podestrian Safety Acties Pln

Sulde far the Bevstapman of ' 1

icycle Focilitias |
i -

20« Faurth fltn.

AASHTO/NCHRP: safety.transportation.org

Today there are numerous publications and websites that provide information on
pedestrian safety design; most of the workshop information comes from these

publications.

If available, distribute current list of publications to the participants.

Ask the participants for local or State publications or standards.

Instructors should have reviewed these local and State publications and standards

when preparing for the workshop.

Discuss the fact that the Highway Safety Manual is a new document that is very useful

for safety issues of all kinds.

Introduction
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