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2014-21 Executive Summary

Pedestrian crossings are an important aspect of the multi-modal transportation system. While
they are essential to get pedestrians across highways and streets, they are a concern for
jurisdictional authorities of highways and streets due to the numerous locations and concerns for
pedestrian safety. In support of this, state statutes generally support the rights of pedestrians at
crossing locations. According to Minnesota State Statutes, the driver of a vehicle shall stop for a
pedestrian at all marked crosswalks and at all intersections. While motorists are required to stop
for pedestrians in these situations, some pedestrians may indicate that additional measures are
needed to be able to safely cross at a specific crossing location, especially as many motorists do
not follow the law and stop when required. Additionally, in any crash between a vehicle and
pedestrian, the chance of the pedestrian being severely injured or killed is high, leading
pedestrians to not take chances and wait for an adequate gap in traffic before even attempting to
start to cross.

Traffic signals can provide an adequate gap by controlling when traffic, vehicles and pedestrians
alike, are to move or stop, but the traffic volume necessary to justify a signal can be quite high.
Of more significance to understand is how to provide adequate gaps and increased safety at
uncontrolled pedestrian crossing locations.

When traffic volume is high enough, adequate gaps can be difficult to attain. While marking a
crosswalk can provide an indication to vehicle traffic that there is a potential for crossing
pedestrians, a crosswalk does not make a motorist stop. Consequentially, marked crosswalks do
not necessarily provide any increase in safety for a pedestrian. There is significant research into
the safety considerations of uncontrolled pedestrian crossings when they are marked versus
unmarked. This research generally indicates that pedestrian crash rates increase when these
crossings are marked versus unmarked under most situations. This has been applied by many
jurisdictional agencies for the evaluation of pedestrian crossings on their roadways. In support of
this, the Manual on Uniform Traffic Control Devices (MUTCD) states that an engineering study
should be completed before a marked crosswalk is installed at any location an approach is not
controlled by a signal, yield or stop sign. While an engineering study that takes into account only
safety research may be appropriate for many crossings, it may also be appropriate to consider
operations in addition to safety, as is applied to vehicle traffic analysis.

The Highway Capacity Manual (HCM) provides a procedure for evaluating operations through
pedestrian crossing delay. The research used to develop the methodology indicates that as delay
increases at a crossing location due to motorists not stopping for the pedestrians, pedestrians take
more risks to complete a crossing maneuver, similar to the way vehicles that experience high
delay will also complete high-risk maneuvers. This impact should not be ignored. As of this
research study, the HCM procedure has not been widely applied to the evaluation of pedestrian
crossings but can help to provide an equivalent process to vehicle intersection operational
analysis and be applied to the MUTCD engineering study requirement.

This research provides a procedure for the evaluation of uncontrolled pedestrian crossing
locations that takes into account both safety and delay. The analysis procedure takes into account
previous research to develop a methodology that is appropriate for jurisdictional agencies. As



this research was completed in Minnesota, the policies and standards mentioned in the study are
from Minnesota where possible.

The evaluation procedure runs through a multi-step process from field data review through the
consideration of appropriate treatment options. The specific steps include
e Field Data Review
Safety Review
Stopping Sight Distance Analysis
HCM Level of Service (LOS) Analysis
Pedestrian Sight Distance Analysis
Review of Origins and Destinations and Alternate Routes
Review of Access Spacing and Functional Classification
Review of Speed and Pedestrian Use
Review of FHWA Safety Guidance
School Crossing Considerations
e Consideration of Appropriate Treatment Options
o Signing and Marking Treatments
o Traffic Calming Treatments
o Uncontrolled Crossing Treatments
o High-Level Treatments

The background, understanding and analysis methodology of each step in the process is
introduced. A summary of appropriate crossing treatments, their advantages and disadvantages,
recommended locations, estimated costs, and their impact on pedestrian yield rates as it relates to
the HCM analysis are provided. In support of the analysis procedure, real world examples from
Minnesota are shown to guide users through the evaluation and analysis process.

A guidebook was also developed to help Minnesota transportation agencies evaluate their
uncontrolled pedestrian crossings and determine appropriate treatment options. The guidebook
recommends when to install marked crosswalks and other enhancements at uncontrolled
locations based on a number of factors, including the average daily vehicle count, number of
pedestrians, number of lanes, and average vehicle speed. It helps agencies rate a crossing for
pedestrian service, and it includes a flow chart and several worksheets to assist in data collection
and decision making.

The data collection worksheets featured in the guidebook are also available for download as
Excel spreadsheets, which automatically complete the evaluation calculations based on entered
data.

Board.

e Pedestrian Crossings: Uncontrolled Locations guidebook (3.68 MB PDF)
¢ Data collection worksheets (2.03 MB XLS)



Chapter 1
Introduction

Pedestrian crossings are an important feature of the multi-modal transportation system. They
enable pedestrians and bicyclists to cross conflicting traffic to access locations on either side of
streets and highways. Pedestrian crossings can either be marked or unmarked.

According to 2013 Minnesota State Statutes, the driver of a vehicle shall stop to yield the right-
of-way to a pedestrian at all intersections and at all marked crosswalks at unsignalized locations.
Additionally, a pedestrian crossing a roadway at any location other than within a marked
crosswalk or at an intersection shall yield the right-of-way to all vehicles upon the roadway. [1]

While the state statute says that a motorist shall stop for a pedestrian that is within a marked
crosswalk or crossing at an intersection, the opportunities in which a motorist actually stops for a
pedestrian and yields the right-of-way may be few. Additionally, when the traffic volumes are
high enough that there are few gaps in traffic adequate for a pedestrian to cross a roadway safely,
pedestrians may have a difficult time crossing. Consequently, either case can result in pedestrian
crossings that are challenging and result in high delay for the pedestrian, which can lead to
pedestrians taking higher risks.

Providing safe crossing situations for pedestrians relies on not only placing crosswalks at “safe”
locations but also providing facilities where pedestrians are crossing with minimal delay. Placing
crosswalk markings, signs, or other treatments at pedestrian crossing locations without
understanding the needs of pedestrians in the area may result in the overuse of crossing markings
and treatments that are not necessary and actually result in a less safe crossing environment. In
support of the need to evaluate crossing locations, the Minnesota Manual on Uniform Traffic
Control Devices (MN MUTCD) states that crosswalk pavement markings should not be placed
indiscriminately and an engineering study should be completed when crosswalk markings are
being contemplated at a crossing. [2]

Defining where to place pedestrian crossing facilities including markings and signs depends on
many factors including pedestrian volume, vehicular traffic volume, sight lines, and speed.
Additionally, there are locations in which pedestrians would like to cross the street, but the
traffic volume is so high that there are not adequate gaps in the traffic stream to safely cross.
This results in a high delay crossing which then results in a high risk-taking environment,
decreasing safety.

The methodology for the evaluation of pedestrian crossings presented here attempts to evaluate
the adequacy of uncontrolled pedestrian crossing locations based on both safety and operations.
A companion to this evaluation methodology is Minnesota’s Best Practices for Pedestrian /
Bicycle Safety which provides information on available pedestrian safety strategies.

This manual presents an engineering methodology that takes into account both safety and
operations for the evaluation of uncontrolled pedestrian crossings. This includes crossings at
both mid-block and intersections in which the cross-street traffic is not controlled by a stop sign,
yield sign, or signal.
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Chapter 2
Background

The Minnesota Manual on Uniform Traffic Control Devices (MN MUTCD) states that crosswalk
markings should not be used indiscriminately and that an engineering study should be completed
when using crosswalk markings.

Objective and Scope:

The objective of this methodology is to provide a study procedure for the evaluation of
uncontrolled pedestrian crossing locations that takes into account accepted practice, safety, and
operations.

State of the Practice:
Crossing evaluation methods, best practices, and sources for development of the evaluation
procedure will be presented.

Data Collection and Field Review:
A methodology for the field review and data collection will be presented. A Data Collection
Worksheet has been developed that can be used to complete the field data collection.

Safety:

The Federal Highway Administration provides extensive research into the safety of pedestrian
crossings based on the number of lanes being crossed, vehicle volume, and travel speed. The
safety evaluation table will be presented.

Operations:

The Highway Capacity Manual provides a comprehensive evaluation methodology for
determining the operations of a crossing location through the calculation of average delay for a
pedestrian at a crossing location. The HCM procedure will be presented.

The 2010 HCM updates the previous evaluation procedure in the 2000 HCM to account for the
effect of yielding of vehicles to pedestrians based on different crossing treatments beyond
pavement markings and signs only.

Evaluation Procedure:
An uncontrolled pedestrian crossing location evaluation procedure and flowchart will be
presented.

Examples:
Real world examples of different types of pedestrian crossing locations will be presented. This
includes a field review and crossing evaluation.
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Chapter 3
State of the Practice

The information presented here is a summary of the information in each referenced document as
it relates to pedestrian crossing evaluations. Please refer to the actual document for the full text
and explanations.

Minnesota State Statutes [1]

Minnesota State Statutes regarding the rights of pedestrians at unsignalized pedestrian crossings
are defined in section 169.21, subdivision 2a, 3a, 3b, 3c, and 3d.

It is not the intention of this summary to be all inclusive to all laws regarding pedestrian
crossings. No lawyers or legal representatives have reviewed the material and as such should not
be taken to be all-inclusive. Consultation with legal representatives and review of the full state
statutes is advised in reference to any and all legal matters.

“169.21 PEDESTRIAN.

Subd. 2.Rights in absence of signal.

(a) Where traffic-control signals are not in place or in operation, the driver of a vehicle
shall stop to yield the right-of-way to a pedestrian crossing the roadway within a marked
crosswalk or at an intersection with no marked crosswalk. The driver must remain
stopped until the pedestrian has passed the lane in which the vehicle is stopped. No
pedestrian shall suddenly leave a curb or other place of safety and walk or run into the
path of a vehicle which is so close that it is impossible for the driver to yield. This
provision shall not apply under the conditions as otherwise provided in this subdivision.
Subd. 3. Crossing between intersections.

(a) Every pedestrian crossing a roadway at any point other than within a marked
crosswalk or at an intersection with no marked crosswalk shall yield the right-of-way to
all vehicles upon the roadway.

(b) Any pedestrian crossing a roadway at a point where a pedestrian tunnel or overhead
pedestrian crossing has been provided shall yield the right-of-way to all vehicles upon the
roadway.

(c) Between adjacent intersections at which traffic-control signals are in operation
pedestrians shall not cross at any place except in a marked crosswalk.

(d) Notwithstanding the other provisions of this section every driver of a vehicle shall (1)
exercise due care to avoid colliding with any bicycle or pedestrian upon any roadway and
(2) give an audible signal when necessary and exercise proper precaution upon observing
any child or any obviously confused or incapacitated person upon a roadway.” [1]

Important Points:

1. All intersections include legal pedestrian crossings whether marked or unmarked.
2. When a crossing is not signalized, the driver of a vehicle shall stop to yield the
right-of-way to pedestrians within marked crosswalks and at all intersections with
marked or unmarked crosswalks.

3. Pedestrians shall yield right-of-way to all vehicles upon the roadway at any point
other than at intersections or marked crosswalks.
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Minnesota Manual on Uniform Traffic Control Devices (MN MUTCD); January 2014 [2]
The MN MUTCD contains standards for traffic control devices that regulate, warn, and guide
users along all roadways within the State of Minnesota. The MN MUTCD standards are to be
followed on all roadways, public or private within the state.

Crosswalk Markings

Support, Guidance, and Standards for crosswalk markings are included in Section 3B.18 of the
MN MUTCD.

“Support:

Crosswalk markings provide guidance for pedestrians who are crossing roadways by
defining and delineating paths on approaches to and within signalized intersections, and
on approaches to other intersections where traffic stops.

In conjunction with signs and other measures, crosswalk markings help to alert road users
of a designated pedestrian crossing point across roadways at locations that are not
controlled by traffic control signals or STOP or YIELD signs.

At non-intersection locations, crosswalk markings legally establish the crosswalk.

Standard:
When crosswalk lines are used, they shall consist of solid white lines that mark the
crosswalk. They shall not be less than 6 inches or greater than 24 inches in width.

Guidance:

Crosswalk lines should not be used indiscriminately. An engineering study should be
performed before a marked crosswalk is installed at a location away from a traffic control
signal or an approach controlled by a STOP or YIELD sign. The engineering study
should consider the number of lanes, the presence of a median, the distance from adjacent
signalized intersections, the pedestrian volumes and delays, the average daily traffic
(ADT), the posted or statutory speed limit or 85th-percentile speed, the geometry of the
location, the possible consolidation of multiple crossing points, the availability of street
lighting, and other appropriate factors.

New marked crosswalks alone, without other measures designed to reduce traffic speeds,
shorten crossing distances, enhance driver awareness of the crossing, and/or provide
active warning of pedestrian presence, should not be installed across uncontrolled
roadways where the speed limit exceeds 40 mph and either:

A. The roadway has four or more lanes of travel without a raised median or pedestrian
refuge island and an ADT of 12,000 vehicles per day or greater; or

B. The roadway has four or more lanes of travel with a raised median or pedestrian
refuge island and an ADT of 15,000 vehicles per day or greater.



Guidance:

Because non-intersection pedestrian crossings are generally unexpected by the road user,
warning signs should be installed for all marked crosswalks at non-intersection locations
and adequate visibility should be provided by parking prohibitions.” [2]

Important Points

1. Crosswalk markings legally establish the location of a crosswalk at non-intersection
locations.
2. When used, crosswalks shall consist of solid white lines that mark the crosswalk.
3. New marked crosswalks, in the absence of other measures, should not be installed across
uncontrolled roadways where the speed limit exceeds 40 mph and either:
a. Roadway > 4 travel lanes
Without a raised median
ADT > 12,000
b. Roadway > 4 travel lanes
With a raised median
ADT > 15,000
4. An Engineering study should be completed before a marked crosswalk is installed at any
location that an approach is not controlled by a signal, yield, or stop sign.

Signs

Support, Guidance, and Standards for signs associated with pedestrian crossing are included in
multiple sections of the MN MUTCD. The sections that pertain to the signs presented in this
manual include

e 2B.11: Stop Here For Pedestrian Signs,

e 2B.12: In-Street and Overhead Pedestrian Crossing Signs,

e 2C.49: Vehicular Traffic Signs,

e 2C.50: Non-Vehicular Signs,

e 7B.8: School Signs and Plaques,

e 7B.11: School Advance Crossing Assembly, and

e 9B.18: Bicycle Warning and Combined Bicycle/Pedestrian Signs.

Warning Signs

Pedestrian warning signs (W11-2) are considered non-vehicular warning signs. Other warning
signs may be used at crossings depending on the facility using the crossing, be it pedestrians only
(W11-2), bicyclists (W11-1), or a combination (W11-15). Under most circumstances the W11-1
should be used for bike trail crossings, W11-2 should be used for pedestrian crossings, while
W11-15 should be used for multi-use trail crossings. Additionally, school crossings have the S1-
1 sign. This manual focuses on pedestrian warning signs, but practitioners should be aware that
there are different warning signs available for crossings and the support, guidance, and standards
for each depend on the type of crossing facility. [2]



S1-1

Pedestrian warning signs may be used to alert road users in advance of a pedestrian crossing
location where unexpected entries into the roadway might occur or where shared use of the
roadway by pedestrians might occur. They may be placed in advance of a crossing location
and/or at the crossing location.

“Non-vehicular signs should be used only at locations where the crossing activity is
unexpected or at locations not readily apparent.”

“The crossing location identified by a W11-2 sign may be defined with crosswalk
markings.”

The S1-1 sign can be used is the same way as a pedestrian warning sign except that it is used to
indicate where schoolchildren are crossing the roadway. [2]

Supplemental Plaques

“If used in advance of a pedestrian crossing, the W11-2 signs should be supplemented
with plaques with the legend AHEAD or XX FEET to inform road users that they are
approaching a point where crossing activity might occur.”

500
W16-9P W16-2P

While the above plaques are included in the MN MUTCD many jurisdictions do not install them,
especially if the crossing location is visible from the advance warning sign location. The plaques
do provide additional information to the motorist about where the crossing is located if the
crossing cannot be readily seen.

“If a post-mounted W11-2 sign is placed at the location of the crossing point where
pedestrians might be crossing the roadway, a diagonal downward pointing arrow (W16-
7P) plaque shall be mounted below the sign. If the W11-2 sign is mounted overhead, the
W16-7P plaque shall not be used.” [2]

In Minnesota, the W16-7P has been modified with a larger sign consistent in size with other
arrow signs (16-7mP).



a

W16-7mP

“A Pedestrian Crossing (W11-2) sign may be placed overhead or may be post-mounted
with a diagonal downward pointing arrow (W16-7P) plaque at the crosswalk location
where Yield Here To (Stop Here For) Pedestrians signs have been installed in advance of
the crosswalk.” [2]

Stop Here For Pedestrians Signs

“If a W11-2 sign has been post-mounted at the crosswalk location where a Stop Here For
Pedestrians sign is used on the approach, Stop Here For Pedestrians sign shall not be
placed on the same post as or block the road user's view of the W11-2 sign.”

“Stop Here For Pedestrians (R1-5b or R1-5c¢) signs shall be used if stop lines are used in
advance of a marked crosswalk that crosses an uncontrolled multi-lane approach. The
Stop Here for Pedestrians signs shall only be used where the law specifically requires that
a driver must stop for a pedestrian in a crosswalk.” [2]

HERE

k FOR

PEDESTRIANS

R1-5b R1-5c

“If stop lines and Stop Here For Pedestrians signs are used in advance of a crosswalk that
crosses an uncontrolled multilane approach, they should be placed 20 to 50 feet in
advance of the nearest crosswalk line (see Section 3B.16 and Figure 3B-17), and parking
should be prohibited in the area between the stop line and the crosswalk.” [2]



Figure 3.2 Example of Advance Stop Bar
Figure 3.1 Example of Advance Stop Bar Burnsville
Bloomington [3]

“An advance Pedestrian Crossing (W11-2) sign with an AHEAD or a distance
supplemental plaque may be used in conjunction with a Stop Here For Pedestrians sign
on the approach to the same crosswalk.” [2]

“When drivers yield or stop too close to crosswalks that cross uncontrolled multi-lane
approaches, they place pedestrians at risk by blocking other drivers' views of pedestrians
and by blocking pedestrians' views of vehicles approaching in the other lanes.” [2]
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Figure 3.3 Example of Stop Lines at Unsignalized Midblock Crosswalks [2]
The advance stop bars with the pedestrian signs have been shown to improve motorist yielding

on multi-lane facilities. [4]

In-Street and Overhead Pedestrian Crossing Signs

“In-Street Pedestrian Crossing signs and Stop Here For Pedestrians signs may be used
together at the same crosswalk.”

“The In-Street Pedestrian Crossing (R1-6a or R1-6b) sign or the Overhead Pedestrian
Crossing (R1-9b) sign may be used to remind road users of laws regarding right-of-way
at an unsignalized pedestrian crosswalk. The legend STATE LAW may be displayed at
the top of the R1-6a, R1-6b, and R1-9b signs, if applicable.” [2]

a— CETATE STATE STATE

STATE) ((STATE STATE LAW LAW
@ @ STOP @ @
- - FOR FOR FoR

| || — athe) ommu
R1-6a R1-6b R1-6c

STATE LAW

k STOP FOR PEDESTRIAMNS k
IN CROSSWALK

R1-9b

The R1-6¢ is also provided for use at school crossing locations. The R1-6a is recommended over
the R1-6b sign as visual symbols are more easily understood by all motorists.

“In order to avoid overuse, the In-Street Pedestrian Crossing sign should only be used at
locations having high pedestrian crossings.” [2]

Warning Sign Color

All of the warning signs and supplemental plaques may have a fluorescent yellow-green
background with a black legend and border.

“When a fluorescent yellow-green background is used, a systematic approach featuring
one background color within a zone or area should be used. The mixing of standard
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yellow and fluorescent yellow-green backgrounds within a selected site area should be
avoided.” [2]

Warning Beacons

“A Warning Beacon may be used with any Non-Vehicular Warning sign to indicate
specific periods when the condition or activity is present or is likely to be present, or to
provide enhanced sign conspicuity.

A supplemental WHEN FLASHING (W16-13P) plaque may be used with any Non-

Vehicular Warning sign that is supplemented with a Warning Beacon to indicate specific
periods when the condition or activity is present or is likely to be present.” [2]

WHEN
FLASHING

W16-13P

Important Points

1.

2.

S

Pedestrian crossing signs may be used to alert road users to locations where unexpected
entries onto the roadway by pedestrians may occur.

Pedestrian crossing signs may be placed in advance of and at the pedestrian crossing
location.

If pedestrian crossing signs are installed at the crossing location, they shall include a
diagonal downward pointing arrow.

Pedestrian crossing signs may or may not be installed with crosswalk markings.

On multi-lane approaches, if an advance stop bar is used, Stop Here For Pedestrians signs
shall also be used.

In-Street Pedestrian crossing signs may be used to supplement pedestrian warning signs
at high pedestrian volume locations.

Raised Medians

Support for raised medians is included in Section 31.6 of the MN MUTCD.

“Raised islands or medians of sufficient width that are placed in the center area of a street
or highway can serve as a place of refuge for pedestrians who are attempting to cross at a
midblock or intersection location. Center islands or medians allow pedestrians to find an
adequate gap in one direction of traffic at a time, as the pedestrians are able to stop, if
necessary, in the center island or median area and wait for an adequate gap in the other
direction of traffic before crossing the second half of the street or highway. The minimum
widths for accessible refuge islands and for design and placement of detectable warning
surfaces are provided in the "Americans with Disabilities Act Accessibility Guidelines
for Buildings and Facilities (ADAAG)".” [2]
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Traffic Engineering Manual, State of Minnesota Department of Transportation_[5]

MnDOT has set up a procedure to evaluate whether a crossing location is appropriate for
treatments such as marked crosswalks or pedestrian crossing warning signs. The guidance uses
elements which to make a decision whether to install a crossing or if crossing treatments are
appropriate at a particular location. The Traffic Engineering Manual states that an engineering
study should be completed to determine the necessity of a pedestrian crosswalk. The engineering
study should consider

e (Geometrics,
Motorist sight distance,
Traffic volume data including truck traffic and turning movements,
Daily pedestrian volume estimates,
Observation of site characteristics that could divert driver attention from the crosswalk,
Posted speed limit,
Crash history, and
Sidewalks and pedestrian pathways. [5]

This analysis performed on potential crosswalk location should result in a more uniform
application and it is noted that not all sites warrant a pedestrian crossing or a crosswalk with
additional treatments. The non-uniform application, misuse, or overuse of crosswalk safety
treatments may result in:

e Noncompliance with traffic control devices,

e Decrease in safety, and/or

e Disregard of traffic control device.

The guidance also lays out a decision flowchart to help decision makers determine whether or
not a crosswalk is warranted. The flowchart sets out certain conditions that must be met at all
crosswalk locations. This includes

e Adequate stopping sight distance for motorists,

e Minimal truck traffic,

e Minimal vehicle turning movements, and

e Minimal driver distractions. [5]

While Stopping Sight Distance can be easily calculated and evaluated, the flowchart and
documents do not quantify any of the other elements above, and so is left open to interpretation.
The flowchart sets up a decision tree that has three potential outcomes:
1. Condition Red (Relatively High Risk)
a. Crosswalk not recommended.
b. If pedestrian warrants are met, other treatments could be added such as: pedestrian
bridge, pedestrian underpass, or pedestrian signal.
2. Condition Yellow (Relatively Medium Risk)
a. Eligible for crosswalk with additional treatments.
b. Design options that may be considered include
I. Modify existing lane configurations,
ii. Raised median (minimum width of four feet and length of eight feet),
iii. Curb extensions,
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iv. Pedestrian Crossing Island,

v. Advanced stop lines and associated signing,

vi. Parking restrictions,

Vii.
Viii.

Increased law enforcement, and/or
Modify and/or add lighting.

c. Some Condition Yellow crossings may be determined sufficient without crosswalk
enhancements.

3. Condition Green (Relatively Low Risk)
a. Eligible for crosswalk with no or minimal additional treatments.
b. Typically only require pavement markings.

c. Should be selected to address a specific problem.

d. Evaluate need for advance signing and pavement messages. [5]

Based on this criteria, a condition red would disqualify a crossing location from being signed and
striped. The most common reason for this is: having less than 20 pedestrians per hour and no

elderly or child facilities nearby; speed limit is greater than 40 mph; ADT is greater than 12,000;
and/or there are more than 4 lanes.

Guidelines for placement of school crossings are also mentioned. This includes placement of
School Advance Warning assemblies, crosswalks within a school zone, and roadway messages.
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intersection or &t & school?
k4 Y v L 4
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+ Minimal trucks estoall Crosswalks and pedestrian warning signs Urban and Rural
+ Minimel tuning movements will typically not be installed. Pedestrian
+ Minimal driver distractions treatments will only be installed if an
¥ engincering study demonstrates & need.
) v
Condition Green Sidewalk or
Eligible for crosswalk with no o Hardsurface Path
minimal additional treatments. with ADA
Evaluste the need for advance signing. Pedestrian Ramps
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h
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DE— N“I';E— Condition Green Condition Yellow
‘Eligible for crosswalk. Elighle for crosswalk with
4 :]Sps . ?::dlﬁnn‘{::w - mﬁm«m
y [ oph,, addifionsl treatments. nm‘. ‘Wm‘ﬂw pedestrian ramps.
Raised Median A g 2y
(must be at least =
4 feet wide and mmmmmznh
4 feet long) the most effective o
increase safety.
Yes with ADT <9,000
No, or

Yes with ADT >9,000
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A Policy on Geometric Design of Highways and Streets (Green Book) [6]

The AASHTO Green Book includes some general considerations for pedestrians but is primarily
focused on vehicles. Of interest is a list of suggested measures with the potential to aid older
pedestrians.
e Use simple designs that minimize crossing widths and minimize the use of complex
elements. Consider 11 foot lane widths.
Assume lower walking speeds
Provide median refuge islands
Provide lighting and eliminate glare sources
Provide adequate guide signs
Use enhanced traffic control devices
Provide enhanced markings and delineation
Use repetition and redundancy in design and signing [6]

Pedestrians have a wide range of walking speeds at which they will cross a street. Typical
pedestrian walking speeds range from approximately 2.5 to 6.0 ft/s. Advanced age is the most
common cause for slower walking speeds, and in areas with older people, a speed of 2.8 ft/s
should be considered for use in design. [6]

Another item especially important in the planning of pedestrian crossings, is Stopping Sight
Distance (SSD). In assessing and determining the location of a pedestrian crossing it is important
that a vehicle be able to see a pedestrian crossing at the location and be able to stop in adequate
time.

Stopping Sight Distance is the length of roadway ahead that is needed for stopping and includes

both brake reaction time and braking distance. [6]
2

SSD = 1.47Vt + 1.075
30|(322) + ¢

where:
SSD = Stopping Sight Distance
V = design speed (mph)
t = brake reaction distance, 2.5 s
a = deceleration rate, ft/s’
G = grade, rise/run, ft/ft

The second part of the equation is the braking distance. It may be important to consider the
vertical grades in some areas which can increase or decrease the braking distance.
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Guide for the Planning, Design, and Operation of Pedestrian Facilities [7]

“The purpose of the guide is to provide guidance on the planning, design, and operation of
pedestrian facilities along streets and highways.” [7] While this is an extensive document,
specific sections are of direct interest to this study.

Walk decisions are primarily based upon three factors: travel distance; personal safety and
security; and personal comfort and attractiveness. [7]

Pedestrian walking speeds range from 2.5 to 6.0 ft. per sec. The busier a crossing is, the slower
the speed of pedestrians. Wheelchair and scooter users require wider paths and ramps for travel.
Cross grades should not be steeper than 2%. [7]

Transit networks rely on pedestrian access. [7]

During project planning crossing measures are needed to ensure frequent and safe opportunities
to cross a corridor. “Crossing distances should be kept to a minimum. New construction or
altered walkways and street crossing shall be accessible to the maximum extent possible.”
Extra care is necessary when developing street crossing near schools. Children are smaller and
motorists may have difficulty seeing them. Ensure objects do not inhibit the ability to see
children. [7]

The design details on crossings should be followed and evaluated when completing a field
review of crossings.

e Crosswalks, landing areas, corners and other parts of the pedestrian route should be clear
of obstructions.

e Pedestrians should have a clear view of travel lanes and motorists.

e Symbols, signs, and markings should clearly indicate what actions a pedestrian should
take.

e Curb ramps are required to have adequate maneuvering space and detectable warnings.
Detectable truncated dome warnings must be provided for the full width of ramps to mark
the street edge. Curb ramps to be a minimum of four feet wide but should match the width
of the pedestrian route.

e Adequate lighting should be included if pedestrians are present during nighttime hours. In
areas of heavy growth, lighting may need to be evaluated when there is full growth.
Midblock crossings have additional considerations when compared to corner crossings.
Midblock crossings are located according to a number of factors including pedestrian
volume, desired paths for pedestrians, roadway width, or the volume of pedestrians or
vehicles. They should not be installed where sight distance or sight lines are limited for
either the motorist or pedestrian. The design details on crossings should be followed and
evaluated when completing a field review of mid-block crossings. [7]

The guidance provide attributes where midblock crossings can be most effective. Some of the
attributes include:

e Location is already a source for substantial midblock crossings

e Land use is such that pedestrians are unlikely to cross at the next intersection
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e Safety and capacity of adjacent intersections or large turning volumes creates a difficult
crossing situation
e Spacing between adjacent intersections exceeds 660 ft. [7]

Medians or crossings islands are recommended at mid-block crossing locations. Midblock
pedestrian crossings should be supplemented with warning signs. Overhead warning signs can
improve motorist awareness of the crossing. Parking should be reviewed for impacts to sight
distance. [7]

If grade-separated crossings are an alternative at a crossing location, the use of the grade
separated crossing depends on the time to use each alternative route. If the crossing time of the
“safe” route (underpass or overpass) is generally more than the crossing time at ground level,
there is a high probability that pedestrians will not use the “safe” route. [7] The document uses
the word “safe” to describe an underpass or overpass but at-grade options can also be designed
“safe.”

Table 3.1 Percent of Pedestrians Using the a Bridge or Tunnel Route

Travel Times Bridge Tunnel
Equal 15 to 60% 95%
30% Longer on 0 0
Safe Route 0% 2510 70%
50% Longer on 0 0
Safe Route 0% 0%
This may also be of consideration when evaluating the effectiveness of an alternative route
versus just waiting at the existing at-grade crossing.

Minnesota’s Best Practices for Pedestrian/Bicycle Safety [8]

The Best Practices Guide is a resource to assist agencies in the effort to safely accommodate
pedestrians and bicyclists on roads and highways. The information is primarily presents the
guidance prepared by the Federal Highway Administration (FHWA), the American Association
of State Highway and Transportation Officials (AASHTO), and the National Cooperative
Highway Research Program (NCHRP). The strategies focus on the best practices to reduce the
number of severe crashes involving pedestrians and bicyclists. The guide provides information
on different strategies to reduce the number of pedestrian and bicyclist crashes based on a
proven, tried, or experimental basis. The guide explanations of each type of strategy, the crash
reduction, operational effects, candidate locations, design features and estimated construction
costs. Specific strategies mentioned in the guide as it is related to uncontrolled pedestrian
crossings include:

e Crosswalks and Crosswalk Enhancements,

e Medians and Crossing Islands,

e Curb Extensions,

e Pedestrian Hybrid Beacon System,

e Rectangular Rapid Flashing Beacon,
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e Crosswalk Lighting,

e Traffic Signals,

e Grade Separated Crossing, and
e Crossing Guards.

This guide should be used a go to source to understand specific safety strategies in more detail.
Some of this information is included in Chapter 8.

Best Practices Synthesis and Guidance in At-Grade Trail Crossing Treatments [9]

The document presents best practices observed in Minnesota, as well as nationally, for guidance
on safety treatment applications at trail crossings. The guide provides a standardized procedure
to determine options based on the needs of the individual trail crossings. An extensive decision
tree is provided to determine possible options for individual crossings. The roadway crossing
features needed for the decision tree include urban/rural, two-lane/multi-lane, undivided/divided,
speed limit, traffic volume, and crossing location. The treatments presented are not intended for
crossings other than trail crossings and do not include intersection crossings. Many of the
treatment options are also presented in detail to understand what the treatment options contain.
Some of this information is included in Chapter 8.

Improving Pedestrian Safety at Unsignalized Crossings [10]

The study developed guidelines that can be used to select pedestrian crossing treatments for
unsignalized intersections and midblock locations. The procedures in the guidelines use variables
such as pedestrian volume, street crossing width, and traffic volume to recommend one of four
possible crossing treatment categories. The research provided recommendations to revise the
MUTCD pedestrian warrant for traffic control signals to the National Committee on Uniform
Traffic Control Devices.

The research also provided information on walking speed and motorist compliance. Pedestrian
walking speed recommendations were 3.5 ft/s for the general population and 3.0 ft/s for the older
or less able population. Motorist compliance was the primary measure of effectiveness for
engineering treatments at unsignalized roadway crossings. The study found that the type of
crossing treatment affects motorist compliance; other factors influencing the treatment
effectiveness were the number of lanes being crossed and posted speed limit.

The document does present a flowchart for guidelines for pedestrian crossing treatments. It also
provides worksheets which are a precursor to the methodology presented in the Highway
Capacity Manual for evaluation based on pedestrian delay.
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WORKSHEET 1: PEAK-HOUR, 35 MPH (55 KM/H) OR LESS

Analyst and Site Information

Analyst: Major Street:
Analysis Date: Minor Street or Location:
Data Collection Date: Peak Hour:

Step 1: Select worksheet (speed reflects posted or statutory speed limit or 85" percentile speed on the major street):
a) Worksheet 1 — 35 mph (55 km/h) or less
b) Worksheet 2 — exceeds 35 mph (55 km/h), communities with less than 10,000, or where major transit stop exists

Step 2. Does the crossing meet minimum pedestrian volumes to be considered for a TCD type of treatment?

Peak-hour pedestrian volume (ped/h), V, | 2a |

If 22> 20 ped/h, then go to Step 3.

If 2a < 20 ped/, then consider median refuge islands, curb extensions, traffic calming, etc. as feasible.

Step 3: Does the crossing meet the pedestrian volume warrant for a traffic signal?

Major road volume, total of both approaches during peak hour (veh/h), Vinajs 3a
Minimum signal warrant volume for peak hour (use 3a for Vi), SC
SC = (0.00021 Vigjs® — 0.74072 Vi s + 734.125)/0.75 3b
OR [(0.00021 34" — 0.74072 3a + 734.125)/0.75]
[f 8b< 133, then enter 133. If 3b> 133, then enter 3b. 3¢
If 15" percentile crossing speed of pedestrians is less than 3.5 ft/s (1.1 m/s), then reduce 3¢ by 34
up to 50 percent; otherwise enter 3¢.

If 2a> 3d, then the warrant has been met and a traffic signal should be considered if not within 300 ft (91 m) of
another traffic signal. Otherwise, the warrant has not been met. Go to Step 4.

Step 4. Estimate pedestrian delay.

Pedestrian crossing distance, curb to curb (ft), L 4a
Pedestrian walking speed (ft/s), S, 4b
Pedestrian start-up time and end clearance time (s}, ts 4e
Critical gap required for crossing pedestrian (s), to= (L/Sp) + t= OR  [(4a/4b) + 40)] 4d

Major road volume, total both approaches or approach being crossed if median refuge

island is present during peak hour (veh/h), Viai-q de
Major road flow rate (veh/s), v = Ving0/3600 OR [4e/3600] 4f
Average pedestrian delay (s/person), d, = (@ “ —vt.— 1}/v OR [ ("** —4fx4d— 1)/ 4f] 4g
Total pedestrian delay (h), D, = (dn < V,)/3,600 OR [(4g<2a)/3600]
(this is estimated delay for all pedestrians crossing the major roadway without a crossing 4h
treatment — assumes 0% compliance). This calculated value can be replaced with the actual
total pedestrian delay measured at the site.
Step 5. Select treatment based upon total pedestrian delay and expected motorist compliance.
Expected motorist compliance at pedestrian crossings in region, Comp = high or low | 5a |
Total Pedestrian Delay, D, (from 4h) and | Treatment Category
Motorist Compliance, Comp (from 5a) (see Descriptions of Sample Treatments for examples)
Dy = 21.3 h (Comp = high or low)
OR RED
53h <D, <213 hand Comp = low
1.3 h <D, < 5.3 h (Comp = high or low) ACTIVE
OR OR
53 h <D< 21.3 hand Comp = high ENHANCED
Dy < 1.3 h (Comp = high or low) CROSSWALK

Figure 3.5 Pedestrian Safety Crossing Treatments Worksheet 1: 35 MPH or Less
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WORKSHEET 2: PEAK-HOUR, EXCEEDS 35 MPH (55 KM/H)

Analyst and Site Information

Analyst. Major Street:
Analysis Date: Minor Street or Location;
Data Collection Date: Peak Hour:

Step 1: Select worksheet (speed reflects posted or statutory speed limit or 85" percentile speed on the major street):
a) Worksheet 1 — 35 mph (55 km/h) or less
b) Worksheet 2 — exceeds 35 mph (55 km/h), communities with less than 10,000, or where major transit stop exists

Step 2: Does the crossing meet minimum pedestrian volumes to be considered for a TCD type of treatment?

Peak-hour pedestrian volume (ped/h), V, | 2a |

If 2a> 14 ped/h, then go to Step 3.

If 2a < 14 ped/h, then consider median refuge islands, curb extensions, traffic calming, etc. as feasible.

Step 3: Does the crossing meet the pedestrian volume warrant for a traffic signal?

Major road volume, total of both approaches during peak hour (veh/h), Vinais 3a
Minimum sighal warrant volume for peak hour (use 3a for Ving.6), SC
SC = (0.00035 Vmaj.f —0.80083 Vs + 529.197)/0.75 3b
OR [(0.00035 34° — 0.80083 3a + 529.197)/0.75]
It 3b < 83, then enter 83. If 3b> 93, then enter 3b. 3¢
If 15" percentile crossing speed of pedestrians is less than 3.5 ft/s (1.1 m/s), then reduce 3c by ad
up to 50 percent; otherwise enter 3c.

If 2a> 3d, then the warrant has been met and a traffic signal should be considered if not within 300 ft (81 m) of
another traffic signal. Otherwise, the warrant has not been met. Go to Step 4.

Step 4. Estimate pedestrian delay.

Pedestrian crossing distance, curb to curb (ft), L 4a
Pedestrian walking speed (ft/s), S, 4b
Pedestrian start-up time and end clearance time (s), ts 4c
Critical gap required for crossing pedestrian (s), t. = (L/S;) +t. OR [(4a/4b) + 4c)] 4d
Major road volume, total both approaches or approach being crossed if median refuge 4o
island is present during peak hour (veh/h), Vig.4

Major road flow rate (veh/s), v = (Vi15.0/0.7)/3600 OR [{4e6/0.7)/3600] 4f
Average pedestrian delay (s/person), d, = ("” —vi.—1)/v OR | (e4f”d—4fx 4d— 1)/ 4f ] 4g
Total pedestrian delay (h), D, = (d, x V;)/3,600 OR [{4gx2a)/3600]

(this is estimated delay for all pedestrians crossing the major roadway without a crossing 4h

treatment — assumes 0% compliance). This calculated value can be replaced with the actual

total pedestrian delay measured at the site.

Step 5: Select treatment based upon total pedestrian delay and expected motorist compliance.
Expected motorist compliance at pedestrian crossings in region, Comp = high or low | ba |
Total Pedestrian Delay, D, (from 4h) and | Treatment Category
Motorist Compliance, Comp (from 53) (see Descriptions of Sample Treatments for examples)
Dy 2 21.3 h {(Comp = high or low)
OR RED
53h<D,<21.3hand Comp = low
Dy < 5.3 h (Comp = high or low) ACTIVE
OR OR
5.3h <D, «21.3 hand Comp = high ENHANCED

Figure 3.6 Pedestrian Safety Crossing Treatments Worksheet 2: Greater than 35 MPH
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Step 1. Select worksheet based on (1) posted or statutory speed limit or the 85
percentile speed on the major street and (2) other conditions present:
a) Worksheet 1 - 35 mph (55 km/h) or less
b) Worksheet 2 - Exceeds 35 mph (55 kmvh) or lecations where the community
has a less than 10,000 population or where a major transit stop is present

Step 2. Does the crossing meet minimum
peak-hour pedestrian volumes to be
considered for a traffic control device type
of treatment?

v

NO
Consider median refuge islands, curb
YES extensions, traffic calming, etc. as
Goto Step 3 feasible. No traffic control devices
l are recommended.

Step 3. Does the crossing meet the
warrant for a traffic signal?

v

YES
Warrant met, consider traffic signal if
NO site is not within 300 ft (91 m) of
Go to Step 4 another signal.

\ 4
Step 4. Estimate pedestrian delay.

v

Step 5. Select treatment based upon total
pedestrian delay and expected motorist
compliance.

Figure 3.7 Pedestrian Safety Crossing Treatments Flowchart

Results from the study are incorporated into the MUTCD and Highway Capacity Manual
(HCM). Some of this information is included in Chapter 8.
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Safety Effects of Marked Versus Unmarked Crosswalks at Uncontrolled Locations [11]

The report is a comprehensive document that covers research into the safety of unmarked versus
marked crosswalks. The research recognized that most crossings are unmarked but marked
crossings can increase the visibility of pedestrians and alerts motorists to the likely presence of
pedestrians. Marked crosswalks are also generally accompanied by crosswalk signage.

Marked crosswalks may provide a false sense of security. When there are multiple travel lanes on
each approach there is a higher occurrence of crashes due to the multiple threat posed.

[11]
Figure 3.8 Multiple-Threat Pedestrian Crash Illustration

Sites in the study did not include any traffic-calming treatments or other devices. School
crossings were also excluded from the site selection process. As such, the results do not apply to
crossings with those attributes.

The research indicates that there is a statistically significant difference in the safety between a
marked and unmarked crossing when traffic volume is over 15,000 or over 12,000 without a
median under most speeds. [11]
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Figure 3.9 Pedestrian Crash Rate versus Type of Crossing
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Based on the research marked crosswalks alone are not recommended at uncontrolled crossing
locations on multilane roads (i.e., four or more lanes), where traffic volume exceeds
approximately 12,000 vehicles per day (with no raised medians), or approximately 15,000 ADT
(with raised medians that serve as refuge areas). The recommendation is based on the analysis of
pedestrian crash experience, as well as exposure data and site conditions.

Additionally, marked crosswalks should not be installed alone on two lane roads with ADTs
greater than 12,000 or on multilane roads with ADTs greater than 9,000 (with no raised median)
to add a margin of safety and/or to account for future increases in traffic volume.

The study also recommends against installing marked crosswalks alone on roadways with speed
limits higher than 40 mph based on the expected increase in driver stopping distance at higher
speeds. Enhanced crossing treatments (e.qg., traffic-calming treatments, traffic and pedestrian
signals when warranted, or other substantial improvement) are recommended.

“On two-lane roads and lower volume multilane roads (ADTs less than 12,000), marked
crosswalks were not found to have any positive or negative effect on pedestrian crash rates at the
study sites. It is recommended that crosswalks alone not be installed at locations that may pose
unusual safety risks to pedestrians. Pedestrians should not be encouraged to cross the street at
sites with limited sight distance, complex or confusing designs, or at sites with certain vehicle
mixes (many heavy trucks) or other dangers unless adequate design features and/or traffic
control devices are in place.” [11]

The following paragraph includes special consideration:

“At uncontrolled pedestrian crossing locations, installing marked crosswalks should not be
regarded as a magic cure for pedestrian safety problems. However, marked crosswalks also
should not be considered as a negative measure that will necessarily increase pedestrian crashes.
Marked crosswalks are appropriate at some locations (e.g., at selected low-speed, two-lane
streets at downtown crossing locations)_to help channel pedestrians to preferred crossing
locations, but other roadway improvements are also necessary (e.g., raised medians, traffic-
calming treatments, traffic and pedestrian signals when warranted, or other substantial crossing
improvement) when used at other locations.” [11]

Based on the results of the research of pedestrian crossings throughout the United States the
report provides a table for where marked pedestrian crossings should be placed based on the
cross-street ADT, travel speed, and number of lanes. It is important to recognize that the research
indicates where pedestrian crossing markings alone may or may not be sufficient. The research
does not indicate where pedestrian crossings with alternative treatments should or should not be
located. In all cases, an engineering study should be completed to determine whether a location
is suitable or not, and if additional pedestrian crossing treatments are justified. The table and
additional safety considerations are included in Chapter 5.
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HCM 2010, Highway Capacity Manual_[12]

The Highway Capacity Manual (HCM) provides the methodology for evaluation of pedestrian
crossings on an operational basis. The HCM provides an analysis methodology for both
signalized and unsignalized crossing locations. This includes an analysis to determine delay and
service levels at pedestrian crossings at for pedestrians. The focus of this study is on uncontrolled
crossings (i.e. crossings in which vehicle traffic is not controlled by a signal or stop sign and/or
pedestrian traffic is not controlled by a signal). This methodology is included in Chapter 6 of this
report.

25



Chapter 4
Data Collection and Field Review
The first step in understanding the pedestrian needs at a potential pedestrian crossing location is
completing a review of the location and adjacent facilities. A Data Collection Field Review
Worksheet is provided for the data collection at the end of this chapter. The Field Data Review
should consider the following elements and information to be collected.

Geometrics

Crossing Length

The length across the roadway at the crossing location affects how long a pedestrian is exposed
to conflicting motorist traffic. A shorter pedestrian crossing length is preferred. The crossing
length (L) is measured from curb face to curb face and it is the total length a pedestrian is
exposed to conflicting traffic. In cases where there is a median, two separate crossing lengths are
measured, as shown in Figure 4.2.

Figure 4.2 Two-Stage Pedestrian
Crossing Length

Figure 4.3 Pedestrian Crossing Length (2 of 2)
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Median Width

The median can provide for a staged crossing where a pedestrian only needs to cross one side of
the street at a time. A median provides a refuge space for pedestrians. A median should be of
sufficient size to handle the pedestrians using the crossing. In most cases a sufficiently sized
raised pedestrian median refuge includes a minimum median width of 6” and a minimum 5’
crossing width. This would indicate that there is a sufficient median refuge for pedestrians to
allow for a staged crossing, but smaller medians may be sufficient based on the type of
pedestrians using the crossing. A wider median is preferred by pedestrians. In the case of smaller
medians, the majority of pedestrians would use a different adjacent crossing location that
provides close to equal travel time. The median width (W) is measured from curb face to curb
face.

Figure 4.5 Median Width (2 of 2)
Figure 4.4 Median Width (1 of 2) Not ADA Compliant
ADA Compliant

Another consideration is that a minimum 4’ x 4’ landing area must be provided at all pedestrian
refuges as consistent with Americans with Disabilities Act (ADA) requirements. With the
addition of truncated domes (domes usually come in 2* by 2’ squares) to separate walking spaces
from spaces designated for both motor vehicles and pedestrians, this essentially would require a
minimum 8’ wide median instead of the 6’ wide median as the minimum width. Best practice is
to make the median crossing with the same width as the crosswalk markings. Measure the width
of the median and the width of the crossing through the median.

Crosswalk Width

Another important measurement is the crosswalk width. While crosswalks are typically six to
eight feet wide, the effective crosswalk width may actually be different. The effective crosswalk
width (W;) is the narrowest spot on the entire crossing length. This can be dictated by a number
of different aspects including the truncated dome width, the crosswalk marking width, median
noses or other obstructions, and/or the median opening width. Striping outside of the crossing
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width is essentially unusable space when considering the needs of all pedestrians. That being
said, the effective width may be wider than the truncated domes and/or pedestrian ramp if
determined to be appropriate based on the crossing users, such as in urban downtown settings
with significant pedestrian users that do not use the pedestrian ramp and can effectively use the
entire crossing width. A review of actual pedestrian use of the crossing is recommended to
verify.

Figure 4.7 Effective Crosswalk Width (2 of 2)
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Curb Ramps

The MN MUTCD states that “Crosswalk markings should be located so that the curb ramps are
within the extension of the crosswalk markings. Detectable warning surfaces mark boundaries
between pedestrian and vehicular ways where there is no raised curb. Detectable warning
surfaces are required by 49 CFR, Part 37 and by the Americans with Disabilities Act (ADA)
where curb ramps are constructed at the junction of sidewalks and the roadway, for marked and
unmarked crosswalks. Detectable warning surfaces contrast visually with adjacent walking
surfaces, either light-on- dark, or dark-on-light. The "Americans with Disabilities Act
Accessibility Guidelines for Buildings and Facilities (ADAAG)" contains specifications for
design and placement of detectable warning surfaces.” [2], [13]

—

— Secondary i
Ramp ==

Landing

Ramp

Figure 4.9 Detectable Warning Surfaces (Truncated Domes)
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Access to the crossing by all non-motorized traffic must be provided if the crossing is to be used
by pedestrian traffic. This includes providing curb ramps for access to the crossing location. [13]
Curb design acceptable for all users is a course unto itself and the details of it are beyond the

scope of this study. Guidance on acceptable curb ramp design and parameters are included on the
MnDOT Accessibility Webpage. [13]

Curb ramp locations and directionality should be noted. Note where there are truncated domes.
Truncated domes do not have to be directional with the crosswalk.

Figure 4.10 Curb Ramps with Landing and No Truncated Domes [14]

Google sarth

Figure 4.11 Curb Ramp with Landing and Truncated Domes [14]
Eagan

Curb ramps provide equal access to all users. Pedestrian curb ramps are required for all
pedestrian crossing locations. Determine if curb ramps are provided. Are they ADA compliant,

i.e. include truncated domes, maximum 5% grade if there is no change in direction or maximum
8.3% grade with a 4’x4’ landing?
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Roadway Speed

The posted speed limit or 85" percentile speed of the crossed roadway
affects the stopping sight distance of vehicles and the safety of the
crossing. The higher the vehicle speed, the higher the probability for a
fatal crash. This effect is as shown in the following tables, based upon
research completed.

Figure 4.1: Risk of pedestrian fatality calculated using logistic regression from the

Ashton and Mackay, OTS and police fatal file, and Rosen and Sander
dataszets

Fedestrlan Impacts with front of cars
Ashton and Mackay data (all ages, n = 358)
e (TS and fatal lle data (all ages, n = 187}
s Rosdn and Sander data {ages 15-96, n = 4490}
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Figure 4.12 Risk of Pedestrian Fatality Based on Vehicle Impact Speed [15]
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injury
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Figure 4.13 Vehicle Impact Speed and Pedestrian Severity [16]
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As indicated by the above, slower vehicle speeds have been shown to reduce the possibility of a
fatal crash. A pedestrian crossing location that is in an area where speed limits are lower is
preferable to placing a crossing on a higher speed roadway segment due to the higher incidence
of a fatality. The speed of a vehicle directly impacts the sight distance needed and the braking
time of a vehicle. The roadway design speed (S) is used to determine the stopping sight distance.
The speed should be the 85™ percentile speed of the roadway being crossed. In the absence of
collected speed data, it is assumed that the 85™ percentile speed is equal to the speed limit.

Average Walking Speed

The speed of pedestrians using a crossing can have a direct impact on pedestrian sight distance
and the Highway Capacity Manual (HCM) Level of Service. The default for pedestrian walking
speed is 3.5 ft/s, unless field data on average speed can be collected at the actual crossing.
Crossings that serve a significant volume of children, an older population, or people with
disabilities may require a slower walk time while crossings with a significant volume of runners
and/or teens may have faster walk times. It may be important to determine walking speeds
depending on pedestrian composition and traffic volume at different times of day.

Although average walking speed is used in the calculations, the 3.5 ft/s walking speed dictated in
the MN MUTCD and other sources, is actually the 15" percentile speed and not the average.
This ensures that 85% of pedestrians are able to cross faster than the walking speed accounted
for or as in the case of a signalized crossing, ensure that 85% of pedestrians using a crossing are
able to get across in the time allotted during a flashing don’t walk. Examples from real-world
locations in Minnesota are included in Chapter 6, Table 6.1 for a comparison.

Roadway Curvature

The crossing location should be located outside of horizontal and vertical curves to provide
adequate stopping sight distance to the crossing location. Motorist attention to the curvature of
the roadway can detract motorist attention to any potential crossing location and a pedestrian
using the crossing.

Possible obstructions include:
e buildings,

o trees, gt | POTﬂqufﬁ-ﬂN? &
e hills, and/or & W i , 'j' ,M\

¢ landscaping. — -—. *'A_,__,
R 35,,
Is the crossing location within a Ll
horizontal or vertical curve? If i ol .
so, additional considerations are SIGHT OBSTRUCTION
needed to ensure adequate
stopping sight distance.

!
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Figure 4.14 Horizontal Curvature Obstruction
Sight Distance

Stopping Sight Distance

As defined by AASHTO, the Stopping Sight Distance is the length of roadway ahead that is

needed for stopping and includes both brake reaction time and braking distance. [6]
2

30|(z22) £ @

SSD =147Vt + 1.075

Where:

SSD = Stopping Sight Distance
V =roadway speed (mph)

t = brake reaction distance, 2.5 s
a = deceleration rate, ft/s

G = grade, rise/run, ft/ft

Default values may be used for brake reaction distance and deceleration rate:
t=25s from AASHTO
a =112 ft/s> from AASHTO

All pedestrian crossings shall be placed to provide adequate stopping sight distance. Additional
features or roadway geometry changes may be needed to provide adequate sight distance.

Pedestrian Sight Distance

Another consideration is the distance in which a pedestrian is able to see a conflicting vehicle
and determine if they are able to cross the pedestrian crossing location before the vehicle is at the
crossing. This is especially important where there is an absence of warning signs, markings, or
other pedestrian crossing treatments. While motorists are required to stop for pedestrians, the
pedestrian sight distance takes into consideration when vehicles do not tend to yield right-of-way
and also accounts for the pedestrian needs.

Pedestrian Crossing Sight Distance is the length of roadway that must be seen from the crossing
that is needed for crossing the roadway in the absence of vehicle yielding and includes both
pedestrian start-up and clearance times and the time to cross the roadway.

S

L
PedSD = 1.47V <— + ts>
P

Where:

PedSD = Pedestrian Crossing Sight Distance

V = roadway speed (mph)

L = Crossing distance (ft)

S, = average pedestrian walking speed (ft/s)

t, = pedestrian start-up and end clearance time (s)
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Default values may be used for pedestrian walking speed and pedestrian start-up and end
clearance time:

S, =3.5ft/s  from MN MUTCD

t;=15s from HCM 2010

Traffic and Pedestrian Data

Traffic Volume

The volume of traffic on the roadway directly affects the available gaps for pedestrians to cross
the roadway. Measure the traffic volume in 15-minute increments on the roadway to be crossed.
The volume includes all traffic across the crossing location.

Pedestrian VVolume

The volume of pedestrians using the crossing location can indicate if the pedestrian crossing is
necessary or if additional treatment options may be needed. Measure the pedestrian crossing
volume in 15-minute increments on the roadway to be crossed.

In most cases, the daily pedestrian volume will not be collected, but can be an indicator of the
crossing location use throughout the day.

Additional Site Characteristics

Lighting

Lighting is important in providing a guide to drivers and pedestrians by lighting both the
pedestrian using the crossing and the pedestrian pathway across a roadway. It also provides a
visual cue to drivers that there is an intersection or pedestrian crossing location.

Lighting should be placed to provide positive contrast to pedestrians using a crossing. This
includes lighting pedestrians from the front other than providing lighting behind the pedestrian.
In most cases this means that lighting should be placed prior to the crossing location for each
direction of traffic. While this is not possible for all locations, it is especially important on wider
roadways with or without medians.

Example lighting configurations to provide positive contrast are provided on the next page.
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Figure 4.15 Lighting Placement (1 of 5)
Two Lane Mid-Block Crossing

Figure 4.18 Lighting Placement (4 of 5)
Intersection: Pedestrian Crossing Focused

Figure 4.16 Lighting Placement (2 of 5)
Multi-Lane or Long Mid-Block Crossing

Figure 4.19 Lighting Placement (5 of 5)
Intersection: Pedestrian Crossing Focused
on One Leg

Figure 4.17 Lighting Placement (3 of 5)
Intersection: Traditional
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Is there continuous street lighting, intersection lighting, and/or pedestrian level lighting on
pedestrian facilities within the area? Note the placement of the lighting to determine if positive
guidance is provided for crossing locations.

Depending on the location, it may be important to field verify that the entire crossing is lighted,
especially if there is a high probability of pedestrians using the crossing during dark/nighttime
hours. For wide roadways (more than two approach lanes in each direction) or roadways with
medians it may be advantageous to evaluate the lighting levels across the crossing. The most
important aspects of this evaluation is to ensure that there are no dark spots along the crossing
and that the lighting is moderately uniform. Lighting evaluation and guidance should follow the
AASHTO Roadway Lighting Design Guide. Pedestrian lighting of crossings should meet the
requirements of the roadway being crossed. [17]

Crosswalk Pavement Markings

Crosswalk pavement markings alert and provide visual guidance to drivers and roadway users
that there is a designated crossing location and to expect pedestrians. Crosswalk pavement
markings also indicates to pedestrians that a specific location is preferred over other unmarked
locations along the same roadway. In most cases a marked crosswalk location will also include
appropriate crosswalk signage.

The MN MUTCD defines the appropriate marking sizes that must be followed for installation of
a marked crosswalk. “When crosswalk lines are used, they shall consist of solid white lines that
mark the crosswalk. They shall not be less than 6 inches or greater than 24 inches in width. If
transverse lines are used to mark a crosswalk, the gap between the lines should not be less than 6
feet. If diagonal or longitudinal lines are used without transverse lines to mark a crosswalk, the
crosswalk should be not less than 6 feet wide. Crosswalk lines, if used on both sides of the
crosswalk, should extend across the full width of pavement to the edge of the intersecting
crosswalk to discourage diagonal walking between crosswalks.” [2]

Spacing of lines
selected to avoid
wheel path

Figure 4.20 Crosswalk Marking Examples [2]
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Figure 4.21 Crosswalk Marking Patterns [11]

High visibility crosswalk markings include: Continental, Zebra, and Ladder. Solid and Dashed
markings are not recommended. Solid can result in very slippery surfaces while dashed can be
difficult for motorists to see. Markings should be in good to excellent condition and highly
visible to approaching traffic. The condition of the markings is important to determine if they
should be replaced or not.
e Excellent: No visible wear to markings, “like new”
e Good: Minimal wear to markings
e Fair: Extensive wear in places but can generally be seen by approaching vehicles,
replacement may be needed
e Poor: Extensive wear, difficult to determine if the crossing is marked, immediate
replacement recommended

Verify if the pedestrian crossing is currently marked. What is the condition of the markings? Are
the markings easily defined? Do they need replacement? What is the current crosswalk marking
pattern? If at an intersection, which legs are marked? For additional information on crosswalk
pavement markings see the MN MUTCD and MnDOT Traffic Engineering Manual (TEM).

Figure 4.22 Standard Crosswalk Figure 4.23 Continental Crosswalk
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Signing

Pedestrian warning signs may be used to alert road users in advance of a pedestrian crossing
location where unexpected entries into the roadway might occur or where shared use of the
roadway by pedestrians might occur. They may be placed in advance of a crossing location
and/or at the crossing location. “Non-vehicular signs should be used only at locations where the
crossing activity is unexpected or at locations not readily apparent.” [2]

The MN MUTCD dictates the acceptable signing to be used in conjunction with a pedestrian
crossing. Signing may or may not be installed in conjunction with crosswalk markings.
Signing shall follow the design and placement as stated in the Minnesota Manual on Uniform
Traffic Control Devices. Additional information on signing is included in Chapter 3.

Is the crossing currently signed with the appropriate warning signs at the crossing? Any warning
signs in advance of the crossing? At what distance are the signs from the crossing?

Figure 4.24 Pedestrian Crossing Warning Sign (W11-2)
Placed at the Crossing Location
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Figure 4.26 Advanced Pedestrian Crossing Warning Sign
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Figure 4.27 School Crossing Warning Sign

Enhancements

The presence of pedestrian crossing enhancements at the location being studied should be noted.
This includes any activated crossing features, pedestrian control devices, and/or traffic calming
enhancements.

Adjacent Facilities

The presence of other crossings parallel to the location being studied should be recognized. This
includes both marked and unmarked locations that may be used by pedestrians. It is especially
important to determine where the nearest currently marked crossing of the same street or
highway is located. Evaluation may determine that another crossing may be more appropriate
and serve the same origins and destinations with little or no additional delay imposed on the
pedestrian.

e How far is the nearest adjacent marked crossing?

e What facilities are present at the nearest adjacent marked crossing?

e Does the crossing have warning signs, a flasher system, etc. that may make it an easier
crossing to use?

e How far is the nearest all-way stop, roundabout, or traffic signal? The presence of these
types of traffic control in conjunction with a pedestrian crossing provide a different level
of pedestrian safety and recognition of pedestrian movements by motorists.

e Could another location serve the same pedestrian crossing movement? It is important to
understand if another crossing location nearby can serve the same pedestrian movements
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that can be provided at the studied location. If there is missing sidewalk or connection
between the locations, the same movements may not be served effectively at another
location.

e Could another location serve the movement more effectively? This requires a
determination of the origins and destinations near the study site. Another location may
more effectively connect the origins and destinations that is not readily apparent. What is
the most direct route between origins and destinations? If route is actually shorter,
determining why this route is preferred is an important aspect to answer.

o If there is a nearby pedestrian crossing facility that can serve the same movements, the
crossing location being studied may not be needed. In some cases, an existing pedestrian
crossing may not serve the pedestrian movements of the area and should be moved to a
more appropriate location. The other location may actually provide a shorter travel time
when considering the time waiting to cross.

Site Sketch or Aerial

Concurrent with a field review, a site sketch or aerial view and notes on the potential crossing
location should be completed. This brings context to the location and helps to provide a record of
what is currently in the field. It may also provide justification for whether changes may or may
not be needed.

Specific items to note on the sketch or aerial if not readily apparent in the picture.

e Pavement Markings: The current pavement markings at the crossing location should be
recorded. This includes the presence of crosswalk markings, edge lines, center lines, lane
lines, stop lines, or any other markings.

e Signing: This includes signing at and near the crossing including pedestrian signs and any
other signs, as the location of signing may impact how drivers view the area. Reduced
signing in the area reduces visual clutter, making pedestrians easier to see.

e Lighting: Note the location of lighting to check positive guidance. If needed, lighting
levels may also be checked if mounting height and fixtures are known.

e Curb Ramps and Truncated Domes: curb ramp locations and directionality should be
noted. Note where there are truncated domes and general directionality of the domes.

o Parallel and nearby crosswalk locations: Measure distances to nearest crosswalk locations
that serve the same roadway being crossing.

e Adjacent Intersections with All-Way Stop, Signal, or Roundabout: Measure distances to
nearest intersection with any of the above traffic controls.
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e Origins and Destinations: Review the area for
origins and destinations to determine the need
for the crossing at the location. All
marked crossings should serve a
needed origin-destination
connection. Typical origins and
destinations of importance include:
0 Bus stops to businesses and
residences

o0 High density residential to bus
stops and commercial/retail

0 Hospitals and medical centers
to bus stops and parking

0 Retirement communities to bus

stops and commercial/retail

0 Schools/colleges/universities to
residential housing and parking

o Parks to residences

0 Recreational/community centers to
residences and parking

0 Theatres and museums to parking

O Trails to parks and other trails

o Commercial/retail space to parking

CITY HALL &
COMMUNITY CENTER
B

Look at origins and destinations that are connected,
such as parking on one side of a roadway and an
office building or restaurant on the other side. Note
the location of office building and restaurant
entrances.

It is important to remember that pedestrians will take the shortest route if at all possible. This
relates to understanding why a route is being used, especially when there are alternatives
available that may actually be safer and provide less delay. In some cases existing crossings may
not actually be placed where pedestrians are using them if the understanding of origins and
destinations has changed over time or is incorrect to begin with.
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Uncontrolled Pedestrian Crossing
Data Collection Worksheet

LRRB
Location: Date:
City, State: Scenario:
Reviewer(s): Agency:
Project #: ID #:
The first step in understanding the pedestrian needs at a potential crossing location is completing
a review of the location and adjacent facilities.
Crossing Length: Measure the crossing distance from curb to curb. Crossing 1 ft.
Fill in Crossing 1 distance if there is no median. If there is a median at the Crossing 2 ft.
crossing location, fill in Crossing 1 and 2 distances.
Median: width of median at crossing location ft.
Crossing Width: effective crosswalk width ft.
Raised Median Available? [] Yes [] No
- ADA Compliant Median Available {(minimum 4' x 4' landing)? 0 Yes [ No
'g Curb Ramps Available? [ Yes [J No
g ADA Compliant Curb Ramp Available (width, grades, truncated domes)? [0 Yes [0 No
b Speed: Posted or 85" percentile speed mph
it Roadway Curvature and Sight Distances: Average walking speed ft/s
Is the crossing location within a horizontal or vertical curve? [ Yes [J] No
Equations to calculate the following are located on the next page
Direction 1: Stopping Sight Distance {SSD) ft. provided? [J Yes [ No
Direction 2: Stopping Sight Distance {SSD) ft. provided? [0 Yes [0 No
Direction 1: Pedestrian Sight Distance {PedSD) ft. provided? [0 Yes [ No
Direction 2: Pedestrian Sight Distance {PedSD) ft. provided? 1 Yes [ No
Traffic and Measure traffic and pedestrian volume in 15-minute increments on the roadway to be crossed.
i Attach Counts vehicles: Dal.ly pedestrians: Dal.ly
Data AM Peak Hourly Pk 15-min Hourly Pk 15-min
PM Peak Hourly Pk 15-min Hourly Pk 15-min
Lighting:
Is street lighting present and does it light the crosswalk location? [0 Yes [ No
Crosswalk Pavement Markings: Is the pedestrian crossing currently marked? 0 Yes [ No
What is the condition of the markings? [[] Excellent [0 Good [] Fair [ Poor
8 Are the markings easily defined? [0 Yes [0 No
_E Do they need replacement? [ Yes [] No
g What is the crosswalk marking pattern? |
g Signing: Currently signed at crosswalk? [ Yes [J] No
S Currently signed in advance of crosswalk? [J Yes [ No
P Distances? direction 1 ft. direction 2 | |ft.
% Enhancements: What enhancements are currently at
_E the crossing location?
% Adjacent Facilities: Distance to nearest marked crosswalk? | [ft.
-tto What pedestrian control devices are present
at the nearest adjacent marked crosswalk?
Distance to nearest all-way stop, roundabout or signalized intersection | |ft.
Could another location serve the same pedestrian crossing movement? [ ves [ No
Could another location serve the the movement more effectively? [ Yes [ No

Developed by Bolton & Menk, Inc. in coordination with the Local Road Research Board, Worksheets made without charge and under no circumstances shall be sold by third parties for profit.

Page 1 of 2

Figure 4.28 Data Collection Worksheet (Page 1)
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LRRB

Uncontrolled Pedestrian Crossing
Data Collection Worksheet

Mark the following: site distances and potential conflicts, pavement markings (crosswalk, edge lines, center lines, lane lines, stop lines, and any other
markings), signing, location of lighting units, curb ramps, truncated domes, presence of any other crosswalks or crossing locations parallel to and
nearby the location being studied, adjacent intersection traffic control, parking, intersection width, lane lengths, shoulder widths, sign placement,

and nearby orgins and destinations .

draw or insert map of location being studied

Notes:

Sight Distance Calculations:
Stopping sight distance (S5D), ft = 1.475t + l.O?SS?,Fa

Pedestrian sight distance (PedSD], ft=1.475(L /5, +t,)

where: 5 = design speed, mph

L = length of crossing, ft

Figure 4.29 Data Collection Worksheet (Page 2)

where:

t = brake reaction time, s

a = deceleration rate, ft/s’

S, = average pedestrian walking speed, ft/s

t, = pedestrian start-up and end clearance time, s

Page 2 of 2
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Chapter 5
Safety Evaluation

The Safety Effects of Marked Versus Unmarked Crosswalks at Uncontrolled Locations by the
Federal Highway Administration provides extensive research into safety considerations of
crosswalks through an evaluation of field collected and crash data from sites throughout the
United States.

A table for where marked pedestrian crossings should be placed and appropriate enhancements is
based on the cross-street ADT, travel speed, and number of lanes as shown on the following

page.

Table Definitions

C = Candidate sites for marked crosswalks. Marked crosswalks must be installed carefully
and selectively. Before installing new marked crosswalks, an engineering study is needed to
determine whether the location is suitable for a marked crosswalk. For an engineering study, a
site review may be sufficient at some locations, while a more in-depth study of pedestrian
volume, vehicle speed, sight distance, vehicle mix, and other factors may be needed at other
sites. It is recommended that a minimum utilization of 20 pedestrian crossings per peak hour (or
15 or more elderly and/or child pedestrians) be confirmed at a location before placing a high
priority on the installation of a marked crosswalk alone.

P = Possible increase in pedestrian crash risk may occur if crosswalks are added without
other pedestrian facility enhancements. These locations should be closely monitored and
enhanced with other pedestrian crossing improvements, if necessary, before adding a marked
crosswalk.

N = Marked crosswalks alone are insufficient, since pedestrian crash risk may be increased
by providing marked crosswalks alone. Consider using other treatments, such as traffic-
calming treatments, traffic signals with pedestrian signals where warranted, or other substantial
crossing improvement to improve crossing safety for pedestrians.

It is important to recognize that the research indicates where pedestrian crossing markings alone
may or may not be sufficient. The research does not indicate where pedestrian crossings with
alternative treatments should or should not be located. In all cases, an engineering study should
be completed to determine whether a location is suitable or not, and if additional pedestrian
crossing treatments are justified. [11]
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Table 5.1 Recommendations for Installing Marked Crosswalks at Uncontrolled Location
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Chapter 6
Operational Evaluation

There are two primary methods in determining how the traffic on a roadway affects how long a
pedestrian waits to cross the roadway and determines if it is even possible for a pedestrian to
cross the roadway at the crossing location given actual traffic levels.

e A gap study is used to determine the number of gaps of adequate size to allow for a
pedestrian to cross the roadway at a particular location.

e A Level-of-Service (LOS) evaluation is used to determine how long a pedestrian waits on
average and equates this with a service level. The longer a pedestrian is anticipated to
wait, the more unacceptable the wait becomes and there is a higher probability of a
pedestrian completing a crossing maneuver when it is not safe to do so.

Data collected in the field is used to provide essential information in the evaluation of a
pedestrian crossing location.

Gap Study

A gap study is used to determine the number and size of gaps that are available to cross the
roadway. The length of the gaps is used to determine if there are gaps of adequate size between
vehicles to safely and effectively provide enough time for pedestrians to cross the roadway.
Gap studies require the collection of the time between vehicles and can be quite time intensive.
Additionally, it is recognized that while traffic levels are different depending on the hour of the
day it also does change from day to day and the gaps collected on one day may be different than
another depending on the facility.

The gaps that need to be collected are the gaps that are available at a crossing location. This
includes not only determining the gap between vehicles, but the actual gap in which the crossing
location is not impacted by a vehicle. Essentially this means accounting for the length of the
vehicle by determining the time the actual crossing does not have a vehicle on it. On roadway
crossings of similar volume, a roadway with a higher volume of truck traffic usually results in
shorter gaps due to the longer vehicles.

There are essentially three methods for collecting gap data.

1. Traffic tube counters: counters must be able to provide intervals of at least one second.
This method requires that all calculations be rounded up to the nearest one second. This
also does not account for the length of vehicles. To mitigate the unknowns, vehicle
classification counts are recommended to determine the number of trucks in the traffic
stream and account for the average vehicle length that can also affect the actual gap
available.

2. Count Boards: Most manual count boards provide the functionality to do gap studies.
This provides a very accurate count of the gap length to tenth of a second.
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3. Stopwatch: A stopwatch can be used to also determine the gaps between vehicles but
requires that the times be transferred manually. The inclusion of stopwatch features into
mobile phones and other electronic devices can include ways to more effectively record
the gap times.

The collected gaps are then used to compare against how long it takes a pedestrian to cross the
roadway. The adequate pedestrian crossing time or critical headway (t;) includes:

1. Start-up and end clearance time (ts): The time for a pedestrian to make a decision that
there is an adequate gap and step onto the roadway plus the time for pedestrians to clear
the roadway after crossing. The end clearance time is zero if there is a shoulder on the
roadway being crossed. The end clearance is provided to ensure that there is some time
between a pedestrian and a vehicle as a pedestrian completes the crossing maneuver.

2. Walking time (t): The time for a pedestrian to actually cross the roadway. This is
determined by dividing the length of the crossing by the crossing speed. Observed
pedestrian walking speed should be collected. In the absence of collected data a standard
pedestrian walking speed is 3.5 feet per second, consistent with the pedestrian walking
speed used in the Minnesota Manual on Uniform Traffic Control Devices.

tw=L/Sp
where:
tw = pedestrian walking time (s)
L = crosswalk length (ft)
Sp = average pedestrian walking speed (ft/s), default = 3.5 ft/s [2], [10]

te =t +ty
where:
t. = critical headway (s)
ts = pedestrian start-up and end clearance time (s)
tw = pedestrian walking time (s)

The 2010 Highway Capacity Manual provides a default pedestrian start-up and end clearance
time of 3 seconds in the absence of field collected data. [12]

The adequate gap for crossing the roadway is equal to the crossing time. The crossing location
should also be checked to ensure that a pedestrian is able to see a vehicle to provide the crossing
time. The pedestrian sight distance required is equal to the crossing time divided by the 85"
percentile travel speed along the roadway.

PedSD =147 *S*
where:
PedSD = pedestrian sight distance (ft)
t. = critical headway (s)
S = 85" %ile speed of the roadway being crossed or speed limit (mph)
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Level of Service Study

A level of service analysis uses the methodology presented in the 2010 Highway Capacity
Manual (HCM) to evaluate the potential delay to a pedestrian to cross at an unsignalized or
uncontrolled crossing location. An advantage of this methodology over the gap study is that it
provides a basis for when the wait becomes too long for a pedestrian and risk-taking is increased.
It also uses the traffic volume and number of lanes to be crossed to determine the probability for
a delayed crossing to come up with an average delay experienced at the crossing. The LOS
methodology can also use yielding data to determine the effects of crossing treatments.

The information presented here is a summary of the process presented in the HCM. The HCM is
the official document which provides all of the equations and methodology that is presented
within this section of the manual. This manual is not meant to be a replacement of the manual
but expands upon the information presented and presents it within the context of a step in the
evaluation process of unsignalized and uncontrolled pedestrian crossings.

The Level-of-Service methodology follows six essential steps.

e N

Step 1: Identify Two-Stage Crossings

Step 2: Determine Critical Headway

Step 3: Estimate Probability of a Delayed Crossing

Step 4: Calculate Average Delay to Wait for Adequate Gap

Step 5: Estimate Delay Reduction due to Yielding Vehicles

Step 6: Calculate Average Pedestrian Delay and Determine LOS

Figure 6.1 Level of Service Methodology [12]

o1



Step 1: Identify Two-Stage Crossings

A two-stage pedestrian crossing is a crossing that can be completed in two stages as a pedestrian
crosses a roadway. A two-stage crossing is usually provided through the use of a raised median
that separates the crossing into two or more stages. A two-stage crossing most commonly splits
the two directions of traffic so a pedestrian crossing the roadway only has to account for one
direction of traffic at a time. [12]

Considerations

Is there a raised pedestrian median refuge available? If the crossing is defined as a two-stage
crossing, each stage of the crossing is to be calculated separately through each of the subsequent
steps.

A raised pedestrian median refuge should be of sufficient size to accommodate the pedestrians
that are expected to use the crossing. In evaluation of a two-stage crossing, if a currently raised
median is being used as a stop over during a crossing, it can be evaluated as a two-stage crossing.
If the majority of pedestrians are crossing in one stage, it is a one stage crossing. In most cases,
the minimum median width is 6” with a minimum 5’ crossing width for a two-stage crossing.
This indicates that there is a sufficient median refuge for pedestrians to allow for a two-stage
crossing for most pedestrians. Best practice is to provide a 6” wide crossing width to match the
width of the pavement markings.

Another consideration is that a minimum 4’ x 4’ landing area should be provided at all pedestrian
refuges as consistent with Americans with Disabilities Act (ADA) requirements. With the
addition of truncated domes (domes usually come in 2 by 2’ squares) to separate walking spaces
from spaces designated for both motor vehicles and pedestrians, this essentially could require a
median that is 8’wide instead of the 6” wide median as defined above.

| R — oxm i o] ¥ - _'
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Figure 6.2 One-Stage Crossing [14] Figure 6.3 Potential Two-Stage Crossing
Minneapolis [14]
St. Louis Park
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Figure 6.4 Potential Two-Stage Crossing [14]
St. Paul

Step 2: Determine Critical Headway

The critical headway is calculated in the same way critical headway is determined for the gap
study. The critical headway calculation uses crosswalk length, average pedestrian walking speed,
and pedestrian start-up and clearance times. [12]

L
t. = 5 +
Where:

t. = critical headway for a single pedestrian (5),

S, = average pedestrian walking speed (ft/s),

L = crosswalk length (ft), and

t, = pedestrian start-up time and end clearance time (s).

The default for pedestrian walking speed is 3.5 ft/s unless field data on average speed can be
collected at the actual crossing. Crossings that serve a significant volume of children or people
with disabilities that may require a slower walk time while crossings with a significant volume of
runners or teens may have faster walk times. The default for start-up and end clearance times is 3
sec unless field data can be collected.

Examples from real-world locations in Minnesota both from this study and other studies provide
some collected pedestrian walking speeds at uncontrolled pedestrian crossings with a mix of no
markings, marked and signed, flashing beacons, and Rectangular Rapid Flashing Beacons. It
should be noted that although average walking speed is used in the HCM calculations, the 3.5 ft/s
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walking speed dictated in the MN MUTCD and other sources, is actually the 15" percentile
speed and not the average. This ensures that 85% of pedestrians are able to cross faster than the
walking speed accounted for or as in the case for a signalized crossing, ensure that 85% of
pedestrians using a crossing are able to get across in the time allotted during a flashing don’t
walk.

Crossine Citv. Stat Existing Crossing Average Collected 15" % ile Collected
rossing 10y, State Treatment Walking Speed (ft/s) | Walldng Speed (ft/s)
Ciﬁ II)EIE& Chanhassen, MN Unmarked 5.6 53
Powers Bivd & . -
Park Rd Chanhassen. MN Flashing Beacons 5.6 4.7
' Overhead Flasher
SrdSt&Nomm | eapolis. MN | w/ Advance RREB 44 3.7
McGrew Ple
(one-way street)
CR 112 & Mill 5t Long Lake, MN Unmarked too few pedestrians too few pedestrians
CSAH 130 & 5. C e "
School Crossing Rogers, MN Markings/Signs 4.2 38
(iSAH 150 & N. Rogers, MN Marlfrngs-"f{}glls-" 43 3.6
School Crossing In-Street Sign
England Way & . -
= J Sha : T . 2
17th Ave E Shakopee. MN Unmarked 4.7 4
Center Ave & :
S Iy as 5 2.2
TH 1 Montrose. MN Flashing Beacons 4
TH 47 & CR 81 Samt Francis, MIN Overhead RRFB 7.0 52
Bank St & Minneapolis, MN Unmarked 5.7 46
University Ave
Lafayctte & St. Paul MN Unmarked 42 37
8th St
Rice St at Sears . - . .
: /Sisns 5
(S. of Aurora A¥) St. Paul, MN Markings/Signs 4.z 39
Rolling Acres Rd e C e
V a, MN 5 6.2 37
& Rolling Acres La ictoria Markings/Signs
York Ave & . C e
Parklawn Ave Edmna MN Markings/Signs 48 41
Average of All Sites 5.0 4.1

Table 6.1 Field Collected Walking Speeds

In most of the cases, whether the crossing was marked or unmarked, the average walking speed
collected was faster than the 3.5 ft/s walking speed used as a default in the HCM calculations.
Additionally, the 15™ percentile walking speed collected for many of the sites was faster than 3.5
ft/s. While the above data provides a snapshot of some sites in Minnesota, additional research
should be collected before drawing too many conclusions as the data appears to contradict other
studies that have collected slower walking speeds. Overall, the above data indicates that
collected data should always be used if available, as the defaults may give different results.
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Additional data is needed when there is observed platooning. This includes crosswalk width,
pedestrian flow rate, and vehicular flow rate. [12]

8.0(N, — 1)
N, = INT |——S—=
p= 25

Where:

N,, = spatial distribution of pedestrians (ped),

N, = total number of pedestrians in the crossing platoon,

W, = crosswalk width (ft), and

8.0 = default clear effective width used by a single pedestrian to avoid interference when passing
other pedestrians (ft).

In the absence of an actual painted crosswalk the default crosswalk width is eight feet or as wide
as the curb ramps leading to the crossing location.

To compute spatial distribution, the number of pedestrians in the crossing platoon should be
collected in the field or the platoon size can be estimated. [12]

vye’ple + pe Vi

- (v, + v)e(vp_”)tc

Cc

Where:
N, = total number of pedestrians in the crossing platoon (ped),
v, = pedestrian flow rate (ped/s),

v = vehicular flow rate (veh/s), and
t. = single pedestrian critical headway (s).

Group critical headway is:
teg = te+2(N, — 1)
Where:
tcc = group critical headway (s),
t. = critical headway for a single pedestrian (s), and

N,, = spatial distribution of pedestrians (ped).

Step 3: Estimate Probability of a Delayed Crossing

The probability of a blocked lane due to a vehicle interfering with the pedestrian crossing results
in a higher probability of the pedestrian being delayed. This essentially is used to determine the
likelihood of the gaps in a given lane being of sufficient time to accommodate the critical
headway assuming random arrivals of vehicles. This calculation is dependent on the number of
lanes being crossed and the number of vehicles using the roadway in addition to the critical
headway. [12]
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The probability of a delayed crossing assumes random vehicle arrivals and consequentially may
not provide adequate probabilities when calculating crossing delays across a street that is along a
signalized corridor. [12]

_tc,GV

Pb=1—e L

Pd=1_ (1— Pb)L
Where:
P, = probability of a blocked lane,
P, = probability of a delayed crossing,
L = number of through lanes crossed,
tcc = group critical headway (s), and
v = vehicular flow rate (veh/s).

Step 4: Calculate Average Delay to Wait for Adequate Gap

The average pedestrian gap delay is calculated assuming that no motor vehicles yield and a
pedestrian is forced to wait for an adequate gap. This uses the critical headway, vehicular flow
rate, and probability of delayed crossing. [12]

1
dy = ;(e”tch — vt —1)

Where:

d, = average pedestrian gap delay (s),
tcc = group critical headway (s), and
v = vehicular flow rate (veh/s).

The average delay for any pedestrian who is unable to cross immediately upon reaching the
intersection is a function of the probability of a delayed crossing and the average pedestrian gap
delay. [12]

d

dyg = =2
gd Pd

Where:

dgq = average gap delay for pedestrians who incur nonzero delay (s),
d, = average pedestrian gap delay (s), and

P, = probability of a delayed crossing.

After Step 4, if there are no crossing treatments, skip to Step 6.

Step 5: Estimate Delay Reduction due to Yielding Vehicles

Pedestrian crossing treatments can affect the rate in which a motorist yields to a pedestrian. The
average pedestrian delay is calculated using average headway for each through lane, probability
of yielding, and average gap delay.
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This step can be used to determine the effect of a potential crossing treatment to vehicle yielding
and consequentially average pedestrian delay.

Determine if there is a crossing treatment used that could provide vehicle yielding. Crossing
treatments with researched yield rates are included in Table X. This then provides possible
reduction in actual delay. [12]

d, = zh(i _05)P(Y) + (pd _ zP(Yi)> dyq

dga
= INT [ =82

and

Where:

d,, = average pedestrian delay (s),

i =crossing event (i = 1 to n),

h = average headway for each through lane,

P(Y;) = probability that motorists yield to pedestrian on crossing event i,

INT = integer, and

n = average number of crossing events before an adequate gap is available, must be 1 or more.

The probabilities P(Y;) that motorists will yield for different lane crossings are: [12]
One-Lane Crossing
i—1
P(Y) = PyM,(1— M,)’

Two-Lane Crossing

(2P, (1 — P)M,) + (P,*M,,?)

(1) | >

i_
P(Y,) = |Py —
=0

Three-Lane Crossing

i—-1
P,°M,° + 3P,*(1 — P,)M,* + 3P, (1 — P,)’M
P(Yl): Pd_ ZP(Y]) l y > y y
: d

j=0
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Four-Lane Crossing

P(Y) = [Ps— ) P(Y)|x

i_
j=0
Py*M,* + 4P, (1 — P,)M,> + 6P, % (1 — Pp)2M,* + 4P, (1 — P,°) M,

Py

Where:

P(Y;) = probability that motorists yield to pedestrian on crossing event i,
i =crossing event (i = 1 to n),

P, = probability of a delayed crossing,

P, = probability of a blocked lane,

M,, = motorist yield rate (decimal),

P(Y;) = probability that motorists yield to pedestrian on crossing event j,
j=crossingevent (j =0toi—1),and

P(Y,) =0.

Potential crossing treatments and the motorist yield rates shown on the next page.
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Crossing Treatment Staged Pedestrian Motorist Unstaged Pedestrian
g Yield Rate Motorist Yield Rate
Crosswalk Moarrll;ir(\lg)s and Signs 7% 7%
Median Refuge Islands ¥ 34% 29%
Pedestal Mounted Flashing 0
Beacon (2-Lane, 35 mph)® N/A >7%
Overhead Flashln.g Bfeaco(?) 47% 49%
(push-button activation)
Overheéd Flashlng Bea(ulc)on 31% 67%
(passive activation)
Pedestrian Crossing Flags " 65% 74%
School Crossing Guards ) N/A 86%
In-street Crossing Signs
(25-30 mph)g‘” ¢ 87% 90%
Warning Sign with Edge 0
Mounted LEDs N/A 28%
In-road warning lights N/A 66%
High-visibility Signs and 0 0
Markings (35 mph) 17% 20%
High-visibility Signs and 0 0
Markings (25 mph)® 61% 91%
Rectangular Rapid-Flash
Beacon 84% 81%
(RRFB)
School Crossing Guards
with RRFB © N/A L%
Pedestri(aHnAl-\;\yllltz)ri(g Beacon 97% 99%
N/A: No Research Found on Effect to Yielding Rate

Crossing treatment motorist yield rate sources provided on the next page.

Table 6.2 Crossing Treatment Yield Rates
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Crossing treatment yield rate sources:

(1) Fitzpatrick, K., S.M. Turner, M. Brewer, P.J. Carlson, B. Ullman, N.D. Trout, E.S. Park, J.
Whitacre, N. Lalani, and D. Lord. NCHRP Report 562: Improving Pedestrian Safety at
Unsignalized Crossings. Transportation Research Board of the National Academies, Washington
D.C., 2006.

(2) Lewis, R., J.R. Ross, D.S. Serpico : Assessment of Driver Yield Rates Pre- and Post-RRFB
Installation, Bend, Oregon. Oregon Department of Transportation, Washington D.C., 2011.
(3) Bolton & Menk Field Data Collection

(4) Transportation Research Board, HCM 2010 Highway Capacity Manual, Washington D.C.:
National Academy of Sciences, 2010.

(5) Brewer, Marcus A., Kay Fitzpatrick. Before-and-After Study of the Effectiveness of
Rectangular Rapid-Flashing Beacons Used with School Sign in Garland, Texas. Texas
Transportation Institute, College Station, TX, April 2012.

(6) Kipp, Wendy M.E., Jennifer M. V. Fitch. Evaluation of SmartStud In-Pavement Crosswalk
Lighting System and BlinkerSign Interim Report. Vermont Agency of Transportation, Report
2011-3, Montpelier, VT, February 2011. (Rate Normalized to High Visibility Markings and
Signs at 35 mph)

Step 6: Calculate Average Pedestrian Delay and Determine LOS

Sum the delay for each stage of a two stage crossing or use the delay from a one-stage crossing
and use the following table to determine the level of service (LOS) for the crossing movement.
[12]

Control Delay

LOS . Comments
(sec/pedestrian)

A 0-5 Usually no conflicting traffic

B 5-10 Occasionally some delay due to conflicting traffic

C 10-20 Delay noticeable to pedestrians, but not inconveniencing

D 20-30 Del_ay noticeable and irritating, increased likelihood of risk
taking

E 30-45 Delay approaches tolerance level, risk-taking behavior likely

F 45 ?i!ay exceeds tolerance level, high likelihood of pedestrian risk-
aking

Table 6.3 Pedestrian Mode Level of Service
LOS F indicates that there are not enough gaps of suitable size to allow pedestrians to cross
through traffic on the major street safely. LOS F may result in pedestrians selecting smaller than
usual gaps, indicating a safety concern that warrants further study.

Evaluation Worksheets are provided on the following pages.
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2010 Highway Capacity Manual (HCM)
Pedestrian Level of Service (LOS) at Uncontrolled Crossing Locations
Intersection and Mid-Block Crossings

Introduction:

The Worksheets provide a procedure for evaluating the Level of Service (LOS) at uncontrolled pedestrian
crossings according to the methodology presented in Chapter 19 of the 2010 Highway Capacity Manual.
Uncontrolled pedestrian crossings include: marked crossings at mid-block locations; marked crossings at
intersections; and unmarked crossings at intersections, that are not controlled by a traffic control device such as
signals and stop or yield signs.

Use of these Worksheets in Microsoft Excel results in an automated procedure. While this automated procedure
has been checked for accuracy using multiple examples, no warranty is made by the developers as to the
accuracy, completeness, or reliability of the equations and results. No responsibility is assumed for incorrect
results or damages resulting from the use of these worksheets.

This process is not for use at signalized crossings and has not been verified to be accurate for unsignalized
pedestrian crossings within a signalized corridor.

The equations and methodology presented through this process is contained within the 2010 Highway Capacity
Manual (HCM). Any questions on the approach, assumptions, and limitations of the procedure or for verification
of equations are directed to the 2010 HCM.

This material was developed by Bolton & Menk, Inc. in coordination with the Local Road Research Board (LRRB)
for the use by practicioners. These Worksheets are made without charge and under no circumstances shall be
sold by third parties for profit.

Submitted for Approval: May 12, 2014
Updated June 6, 2014

Developed by Bolton & Menk, Inc. for the
Local Road Research Board Introduction Page 1of 5

HCM Evaluation Worksheet

Figure 6.5 Highway Capacity Manual Evaluation Worksheet (Page 1)
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2010 Highway Capacity Manual (HCM)

Pedestrian Level of Service (LOS) at Uncontrolled Crossing Locations
Intersection and Mid-Block Crossings

Crossing Location:

Date:

City, State:

Scenario:

Reviewer(s):

Agency:

Project Number:

ID#:

The following is the base information needed to complete the analysis.

If this is a one-stage crossing, use only Crossing 1.

If this is a two-stage crossing, each stage must be evaluated separately using Crossing 1 and Crossing 2.

Crossing 1:

Evaluation Inputs:

L = crosswalk length (ft)

S, = average pedestrian walking speed (ft/s)

t, = pedestrian start-up and end clearance time (s)
V = vehicular hourly volume {veh/hr)

U, = pedestrian flow rate (ped/s)

v = vehicular flow rate (veh/s) = V/3600

W, = crosswalk width (ft)

N = number of through lanes crossed (Integer)

Crossing 2:

{only

defaults: Input Table:
L=
Sp= 35 Sp=
t,= 3.0 t=
V=
U, = o* V,=
v=V/3600 ys=
w,= 8.0 W, =
N= INT(L/11) N=

*no platooning observed

used for two-stage crossings)

Evaluation Inputs:

L = crosswalk length (ft)

S, = average pedestrian walking speed (ft/s)

t, = pedestrian start-up and end clearance time (s)
V = vehicular hourly volume (veh/hr)

V, = pedestrian flow rate (ped/s)

v = vehicular flow rate (veh/s) = V/3600

W, = crosswalk width (ft)

N = number of through lanes crossed (Integer)

Crossing Treatment Yield Rate

M., = motorist yield rate (decimal)

Entering data into the tables above will populate the evaluation tables in Microsoft Excel.

Results:

Average Delay
LOS

Developed by Bolton & Menk, Inc.
for the Local Road Research Board

defaults: Input Table:
L=
S, = 3.5 S, =
t.= 3.0 t=
V=
'Up = 0* ’Up:
v=V/3600 V=
W, = 8.0 W =
N= INT(L/11) N=
"no platooning cbserved
Input Table:
M, =
sec/ped
Inputs and Results Page 2 of 5

HCM Evaluation Worksheet

Figure 6.6 Highway Capacity Manual Evaluation Worksheet (Page 2)
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Uncontrolled Pedestrian Crossing Level of Service
Evaluation Worksheet

LRRB
Crossing Location: Date:
City, State: Scenario:
Reviewer(s): Agency:
Step 1: Identify | Is there a median available for a two-stage crossing? [0 Yes [J No
Two-5tage If yes, does the median refuge meet ADA requirements (4' x 4' landing)? [J Yes [ No
Crossings If yes, do pedestrians treat this as a two-stage crossing location? [ Yes [ No
Critical headway is the time below which a pedestrian will not attempt to begin crossing the street. Pedestrians
use judgement to determine whether the available headway is sufficent for a safe crossing.
For a single pedestrian: where:t. = critical headway for a single pedestrian (s)
L L = crosswalk length (ft}
te= g + s S, = average pedestrian walking speed (ft/s)
t, = pedestrian start-up and end clearance time (s)
crossing 1 crassing 2 5.=3.5ft/s
L= t,= L= t,= t,=3sec
Sp = t.= Sp = t.=
If pedestrian platooning is observed, the spatial distribution of pedestrians should be computed:
1. use field observations or estimate platoon size using equation:
vpevp"'c + pe Pl where: N, = total number of pedestrians in crossing platoon
e (v, + v)elp—oke (pE{_j} )
] v, = pedestrian flow rate (ped/s)
Sl 2 crossing 1 crossing 2 1 = vehicular flow rate across crossing (veh/s)
_E_]etermme Vg, = t = Vg = t.= t. = single pedestrian critical headway (s)
Critical Headway P £ P £ ¢
VU= N.= U= N, =
2. compute spatial distribution:
8.0(N, — 1) where: N, = spatial distributions of;.)ede.strians [Iped}
N, = INT ’TI N, = total number of pedestrians in crossing platoon
- (ped)
crossing 1 crossing 2 W, = crosswalk width (ft)
N.= N, = 8.0 = default clear width used by a single pedestrian
W, = N, =| W, = N, :l to avoid interference with other pedestrians (ft)
3. compute group critical headway: clear width, if other than S:I:Ift.
tog =t 2 ( Np 1) where: tc‘G_= _group critical_headfmia\r (s)
t. = single pedestrian critical headway (s)
crossing 1 crossing 2 N, = spatial distributions of pedestrians (ped)
N = N =
tl: = tc,G =| tl: = tc.G =

Probability that a pedestrian will not incur any crossing delay is equal to the likelihood that a pedestrian will
encounter a gap greater than or equal to the critical headway immediately upon arrival at the intersection.

y Ztech where: P, = probability of blocked lane
Step 3: Estimate Ppb=1—¢e L °F ”V ;
N P, = probability of delayed crossing
Probability of a Py=1— (1— P)*
Delaved d b N = number of through lanes crossed
C \" crossing 1 crossing 2 t.s = group critical headway (s) = t. if no platooning
rossin
g tg= tg= 1 = vehicular flow rate across crossing(veh/s)
V= Pb = V= Pb =
N= P,= N= Py =
Developed by Bolton & Menk, Inc. for the LRRB. HCM Calculations Sheet 1 Page 3 of 5

HCM Evaluation Worksheet

Figure 6.7 Highway Capacity Manual Evaluation Worksheet (Page 3)
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LRRB

Uncontrolled Pedestrian Crossing Level of Service
Evaluation Worksheet

d = 1 (eww pb.— 1) where:  d = average pedestrian gap delay (s)
4 p .8 t. = group critical headway (s)
crossing 1 crossing 2 v = vehicular flow rate across crossing (veh/s)
t.c= ta=
Step 4: Calculate| ¢ <G
v= d, =| U= d, =|
Average Delay - - - . . . .
to Wait for Average delay for a pedestrian who is unable to cross immediately upon reaching the intersection
Ad . (e.g., any pedestrian experiencing nonzero delay.)
equate Ga
- : d = dg where:  dp, = average gap delay for pedestrians who incur
gd — P, nonzero delay
crossing 1 crossing 2 d, = average pedestrian gap delay (s)
dg = dll = P, = probability of a delayed crossing
P, = dga =| P, = dga =|

Average delay assumes that no motor vehicles yield and the pedestrian is forced to wait for an adequate gap.

Step 5: Estimate

Delay Reduction

due to Yielding
Vehicles

(If yielding is
zero, then skip
step 5)

When a pedestrian arrives at a crossing and finds an inadequate gap, that pedestrian is delayed until one of two
situations occurs: (a) a gap greater than the critical headway is available, or (b) motor vehicles yield and allow the
pedestrian to cross. While motorists are legally required to stop for crossing pedestrians in MN at all intersections

and at all marked crossings, motorist yield rates actually vary considerably.
Some crossing treatments and yield rates based on research are provided on the next page.
Average pedestrian delay

d, = Z h(i —0.5) P(Y;) + (Pa - Z P(Yi)) ga

where: d, = average pedestrian delay (s)
1 = crossing event (1=1to 7t)
F = average headway for each through lane = N/
P(Y;) = probability that motorists yield to

crossing 1 crossing 2 pedestrian on crossing event 1
h =[ I = h =| ] n= 71 = Int(dga/h), average number of crossing
dp = dp = events before an adequate gap is available, >0

1. One-Lane Crossing 7 = crossing event (7=0to 1-1)

P = PuM(1— M i1 (Y ;) = probability that motorists yield to
il = Td )’( J”) pedestrian on crossing event 7
M., = motorist yield rate (decimal) M, =
i-1 2oy iZ
1, [(2P,(1 = PYM,) + (P M,7)]
PO = [P ;P(ﬂ-) l o

3. Three-Lane Crossing

2. Two-Lane Crossing

el [P> M, +3P,2(1 = P)M,? + 3P, (1 — P,)*M, ] Summary
PO = [Pa= ;P(lj-) | Py Average
4. Four-Lane Crossing LOS
- 4 4, 39 3 2rq 2 2 _py
P(Y) = [P.x _ E};:,P(Y,-)]x Pyt My 4Py (1=Pp)My +6P;: (1-Pp)? My * +4Py (1-Py " Y0y]
Pg
LOS | Control Delay (sec/ped) Comments
Step 6: Calculate
A B A 0-5 Usually no conflicting traffic
verage
Pedes%rian Dela B 5-10 Occasionally some delay due to conflicting traffic
T ¥ C 10-20 Delay noticeable to pedestrians, but not inconvienencing
LOS D 20-30 Delay naoticeable/irritating, increased chance of risk-taking
E 30-45 Delay approaches tolerance level, risk-taking likely
F =45 Delay exceeds tolerance level, high chance of risk-taking
Developed by Bolton & Menk, Inc. for the LRRE. HCM Calculations Sheet 2 Page 4 of 5
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Figure 6.8 Highway Capacity Manual Evaluation Worksheet (Page 4)
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' Uncontrolled Pedestrian Crossing Level of Service

I;Eﬁ Evaluation Worksheet

Determine if there is a crossing treatment used that could provide vehicle yielding. This then provides
a possible reduction in delay.

Crossing Treatment Staged Pedestrian Yield Rate | Unstaged Pedestrian Yield Rate
Crosswalk Markings and Signs
) 7% 7%
Only
Median Refuge Islands ! 34% 29%
Pedestal Mounted Flashing
) N/A 57%
Beacon (2-Lane, 35 mph)
Overhead Flashing Beacon
o 47% 49%
(push-button activation)
Overhead Flashing Beacon
) o 31% 67%
(passive activation)
>
b= Pedestrian Crossing Flags ! 65% 74%
1}
] : )
o School Crossing Guards N/A 86%
o
In-street Crossing Signs
s e 87% 90%
= (25-30 mph}*
i Warning Sign with Edge Mounted
Rl (6) N/A 28%
= LEDs
Q
® o ()
g In-road warning lights N/A 66%
High-visibility Signs and
e 17% 20%
Markings (35 mph)
High-visibility Signs and
i 61% 91%
Markings (25 mph)
Rectangular Rapid-Flash Beacon
84% 81%
(RRFB) @@
School Crossing Guards
i ) N/A 91%
with RRFB
Pedestrian Hybrid Beacon
po 97% 99%
(HAWK) '
N/A: No Research Found on Effect to Yielding Rate

Sources: (1) Fitzpatrick, K., S.M. Turner, M. Brewer, P.J. Carlson, B. Ullman, N.D. Trout, E.S. Park, ). Whitacre, N. Lalani, and D. Lord.
NCHRP Report 562: Improving Pedestrian Safety at Unsignalized Crossings. Transportation Research Board of the National
Academies, Washington D.C., 2006.

(2) Lewis, R., ).R. Ross, D.S. Serpico : Assessment of Driver Yield Rates Pre- and Post-RRFB Installation, Bend, Oregon. Oregon
Department of Transportation, Washington D.C., 2011.

(3) Bolton & Menk Field Data Collection

(4) Transportation Research Board, HCM 2010 Highway Capacity Manual, Washington D.C.: National Academy of Sciences,
2010.

(5) Brewer, Marcus A., Kay Fitzpatrick. Before-and-After Study of the Effectiveness of Rectangular Rapid-Flashing Beacons Used
with School Sign in Garland, Texas. Texas Transportation Institute, College Station, TX, April 2012.

(6) Kipp, Wendy M.E., lenniter M. V. Fitch. Evaluation of SmartStud In-Pavement Crosswalk Lighting System and BlinkerSign
Interim Report. Vermont Agency of Transportation, Report 2011-3, Montpelier, VT, February 2011. (Rate Normalized to High
Visibility Markings and Signs at 35 mph)

Developed by Bolton & Menk, Inc. for the LRRE. Yield kates (M) Page5of>

HCM Evaluation Worksheet

Figure 6.9 Highway Capacity Manual Evaluation Worksheet (Page 5)
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Chapter 7

Evaluation Procedure

The location details, evaluation, decisions, and design process should be thoroughly documented.
This includes any stakeholder involvement and public comments. The jurisdictional authority has
the final decision on the control and design of pedestrian crossing features on their roadways.

Using the information provided in Chapters 2 through 6, a crossing evaluation procedure has
been developed to take into consideration safety and operations. The procedure is based on
previous research and evaluation methodologies.

The evaluation methodology guidance is shown in the flowchart, Figure 7.1.

Step 1. Field Data Review

The Field Data Review should consider the elements defined under Chapter 4 of
this report.

Information to be collected should include
e Geometrics
o Crossing Length
= pedestrian exposure is reduced on shorter crossings
0 Median Width
= if used by pedestrians the median should be sufficient in size to handle the
pedestrians using it
0 Curb Ramps
= curb ramps are required for all pedestrian crossing locations
o0 Americans with Disabilities Act (ADA) Requirements
= ADA requirements for pedestrian crossings including grades, tactile
surfaces/truncated domes, and landing areas.
0 Roadway Speed
= for a pedestrian/vehicle crash slower speeds have been shown to reduce
the possibility of a fatal crash
0 Roadway Curvature
= vertical and horizontal curvature can impact sight lines
o Sight Distance
= Stopping Sight Distance
e must be provided at pedestrian crossings
= Pedestrian Sight Distance
e should be provided at unmarked and unsigned crossings
e Traffic and Pedestrian Data
o Vehicle Traffic Volume
0 Pedestrian Traffic Volume
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UNCONTROLLED PEDESTRIAN CROSSING EVALUATION FLOWCHART

@

Consider Pedestrian
Barriers and Pedestrian

-Routi oo el o Consider Appropriate
Jechontne J el 3 n Signing and Marking

April 30, 2014

Consider Calming Ireatments
Appropriate Traffic
Calming Treatments | ressing freatme |
| + |
Consider Do Nothing, Pedestrian Re-Routing @ Uunsid%l[&;uuqlglaﬁﬁﬁmlied

Appropriate High Level Treatme s

Consider No Changes at
Existing Crossing or
Removal, if Location

. . Does Not Nead Treatments
Caonsider Evaluation

of Mltarnative
Crossing Lacation

Tregtment.

Consider Appropricte Traffic I

Consider Appropriate Signing
and Marking Treatments

Figure 7.1 Uncontrolled Pedestrian Crossing Evaluation Flowchart
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e Additional Site Characteristics
o

Lighting
= should be provided at marked crossings used at night and provide positive
contrast

Crosswalk Pavement Markings
= must follow the designs as stated in the Manual on Uniform Traffic
Control Devices
Signing
= must follow the design and placement as stated in the Manual on Uniform
Traffic Control Devices
Enhancements
= enhancements installed at the crossing location may or may not be
appropriate and provide effective yielding
Distance to Adjacent Pedestrian Crossing Facilities
= an adjacent crossing location may provide a shorter travel time, less delay,
a safer crossing environment, and/or a more direct route between origins
and destinations
Distance to Adjacent Intersections with All-Way Stop, Signal, or Roundabout
Control
= an adjacent controlled crossing location may provide a shorter travel time
Origins and Destinations
= all marked crossings should serve a needed origin-destination connection
= Typical origins and destinations of importance include:
e Bus stops
e High density residential
e Hospitals and medical centers
e Retirement communities
e Schools, colleges, and universities
e Parks
e Recreational and community centers
e Theatres and museums
e Trails

Step 2. Safety Review

The safety review includes evaluating the crash records for the crossing
location. Pedestrian crashes may necessitate a more in-depth look into the issues
and concerns at a crossing location. The field review can assist with determining

potential issues. This includes an inspection of potential hazards and may include a visual view

of operations.

Rear-end crashes at a location may indicate that motorists are stopping for pedestrians but may
also indicate that there is inadequate stopping sight distance.
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Other types of crashes should be reviewed to determine if the conflicts are impacting the crossing
safety and may indicate other intersection concerns.

Step 3. Stopping Sight Distance

Every pedestrian crossing location should have adequate Stopping Sight
Distance (SSD). If adequate SSD cannot be provided at a potential crossing
location, the location may not be suitable for a pedestrian crossing. Adequate
SSD ensures that most motorists under normal conditions will be able to stop for a pedestrian
that has entered onto the roadway. If SSD cannot be met, pedestrian barriers and pedestrian
routing to an alternative location should be considered. Pedestrian barriers can include fencing,
concrete barriers, and/or bushes. The pedestrian barrier should be continuous between acceptable
crossing locations to guide pedestrians to the locations to be used. Any breaks in the barrier, such
as for a driveway or street access, will likely result in the pedestrian crossing at that location.
Pedestrian routing may include wayfinding signage to guide pedestrians to the acceptable
alternative crossing locations.

Step 4. Level of Service

Determine the Level of Service (LOS) of the current crossing condition
following the procedure as outlined in the 2010 Highway Capacity Manual and
Chapter 6 of this report.

LOS is generally deemed acceptable at A to D and unacceptable at E or F. Local agency
direction on acceptable service levels should be verified. If the Level of Service is acceptable and
the location already has treatments such as signing and/or striping, consider no changes at the
existing crossing. If the crossing location has acceptable service levels without any treatments,
consider removal of the treatments.

If LOS is unacceptable, skip to Step 6. If this is completed after Step 11, consider applying
appropriate treatment option(s) if LOS is acceptable.

Step 5. Pedestrian Sight Distance

If adequate service levels are provided, Pedestrian Sight Distance (PedSD)
should be checked if the crossing does not have any treatments (i.e. is unmarked
and unsigned). If adequate PedSD is provided, consider no changes at the
existing crossing.

Step 6. Review Origins and Destinations
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The potential origins and destinations in the area should be reviewed for the most likely path to
determine how it lines up with the crossing being analyzed. The most important thing to
remember is that pedestrians will take the shortest route if at all possible. Understanding this is
of essential importance in understanding why a route is being used, especially when there are
alternatives available that may actually be safer and provide less delay. In some cases existing
crossings may not actually be placed where pedestrians are using them if the understanding of
origins and destinations is incorrect.

Studies have shown that many pedestrians will take the fastest route and the most direct route
irrespective of the safety potential of the crossing location. [18] The percentage of pedestrians
using the most direct route and fastest route are higher for younger people than older.
Additionally if traffic is sparse, the percentage of pedestrians crossing at a given location,
irrespective of the crossing treatments, is 40 to 60% and is generally equal between younger and
older people. [19]

Check to see if an alternative route is available that can serve the same origin-destination pair
(same movements) effectively while providing less delay. This includes the time to traverse to
the alternative crossing, cross, and complete the movement to the destination. Average wait time
at signals should be added into the equation if the crossing requires traversing a traffic signal.

Additionally, the alternative crossing route location should be visually seen from the location
being studied. If the crossing cannot be seen there is no way for the pedestrian to know if it is
available, unless there is route signage. Even with route signage, the potential trip length may not
be known to a pedestrian if the crossing cannot be seen. This can affect the potential use of the
alternative crossing location.

If the primary origin-destination movements can be accomplished effectively at another crossing
without much backtracking, has a shorter travel time and can be seen from the location being
studied, there should be consideration for no change at the existing crossing. The alternative
crossing location should be evaluated separately to determine the needs at that crossing location.

Step 7. Access Spacing and Functional Classification

The functional classification of the roadway and the current access control of
the roadway being crossed should be considered. Marked uncontrolled
pedestrian crossings should only be implemented on signalized roadway
corridors if the spacing between the signalized intersections does not adequately serve the
pedestrian traffic in the community. The spacing of pedestrian crossing facilities should at least
follow the access spacing guidelines for signals and primary intersections on the corridor of
interest. Primary access intersections are intersections that will remain full access over time
while secondary access intersections may provide full or limited access over time.

Due to the limited access along grade-separated roadway facilities, marked and unmarked
pedestrian crossings are limited to interchanges, tunnels, and bridges. The high speed of the
facilities along with the driver expectations for conflicts makes any at-grade crossing a safety
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concern. If the crossing location is on a coordinated signalized corridor or a grade-separated
facility, pedestrian barriers and pedestrian routing to an alternative location should be
considered. Pedestrian barriers can include fencing, concrete barriers, and/or bushes. The
pedestrian barrier should be continuous between acceptable crossing locations to guide
pedestrians to the locations to be used. Any breaks in the barrier, such as for a driveway or street
access, will likely result in the pedestrian crossing at that location. Pedestrian routing may
include wayfinding signage to guide pedestrians to the acceptable alternative crossing locations.

Step 8. Speed and Pedestrian Use

Consistent with previous research and evaluation methods, the conditions
present at the crossing location should be reviewed and the need for the
crossing should consider pedestrian traffic volume using the crossing. It is
important that the pedestrian use be collected at multiple times of day to get an accurate picture
of the pedestrian traffic need. The highest hour pedestrian need may not coincide with the
highest hour traffic volume crossing the location. In such circumstances, the Level of Service
should be evaluated for the highest pedestrian volume hour and the highest vehicle volume hour
separately.

If the crossing location is on a roadway with speeds greater than 35 miles per hour (mph), isin a
community of less than 10,000 people, or provides a connection to a major transit stop, there
should be a minimum of 14 pedestrians using the crossing during one hour of the day.

If the crossing location is on a roadway with speed 35 mph or less there should be a minimum of
20 pedestrians using the crossing during one hour of the day.

The above pedestrian volumes thresholds can be reduced by 0.33 if more than 50% of the
pedestrian traffic using the crossing is elderly or children.

If the thresholds cannot be met, skip to Step 10.
Step 9. FHWA Safety Guidance

The Federal Highway Administration (FHWA) guidance in the Safety Effects of
Marked versus Unmarked Crosswalks at Uncontrolled Locations and as shown
in Chapter 5 should be determined based on the traffic volume, speed, and
roadway type. The study indicates the types of treatments recommended for
installing marked crosswalks at uncontrolled locations.

Research indicates that there is a statistically significant difference in the safety between a
marked and unmarked crossing when traffic volume is over 15,000 or over 12,000 without a
median under most speeds and provides the basis for the guidance in the table.

It is important to recognize that the research indicates where pedestrian crossing markings alone
may or may not be sufficient. The research does not indicate where pedestrian crossings with
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alternative treatments should or should not be located. In all cases, an engineering study should
be completed to determine whether a location is suitable or not, and if additional pedestrian
crossing treatments are justified.

The FHWA recommendations for installing marked crosswalks and other treatments is included
in Table 7.1.

Table Definitions

C = Candidate sites for marked crosswalks. Marked crosswalks must be installed carefully
and selectively. Before installing new marked crosswalks, an engineering study is needed to
determine whether the location is suitable for a marked crosswalk. For an engineering study, a
site review may be sufficient at some locations, while a more in-depth study of pedestrian
volume, vehicle speed, sight distance, vehicle mix, and other factors may be needed at other
sites. It is recommended that a minimum utilization of 20 pedestrian crossings per peak hour (or
15 or more elderly and/or child pedestrians) be confirmed at a location before placing a high
priority on the installation of a marked crosswalk alone.

P = Possible increase in pedestrian crash risk may occur if crosswalks are added without
other pedestrian facility enhancements. These locations should be closely monitored and
enhanced with other pedestrian crossing improvements, if necessary, before adding a marked
crosswalk.

N = Marked crosswalks alone are insufficient, since pedestrian crash risk may be increased
by providing marked crosswalks alone. Consider using other treatments, such as traffic-
calming treatments, traffic signals with pedestrian signals where warranted, or other substantial
crossing improvement to improve crossing safety for pedestrians.

It is important to recognize that the research indicates where pedestrian crossing markings alone
may or may not be sufficient. The research does not indicate where pedestrian crossings with
alternative treatments should or should not be located. In all cases, an engineering study should
be completed to determine whether a location is suitable or not, and if additional pedestrian
crossing treatments are justified. [11]

73



[11]

papasu aJe sjuawaaoidiul 1eym SUILLISIEP 0] paloyuow fjaunnol ag pjnous (Samii2e) jo }2.| Jo) saijine} uelsspad JSYl0 pUB SHEMSSO0ID payIely

(anoy yead 1ad usapjyo Jojpue sueuisapad Apsp|e siow Jo g Jo) anoy yead Jad gz noge spasaxa
awnjoa uelysapad assym sBunpew yjemssos Bupwoid ue peoeid aq pinoys fAuoud JayBly ‘pepioak 2q pinoys suonelo| pajjenuodun je sBulssosn paypew jo asmusno apypy, (Aguesu Julod Buissol pun ue o} pasoddo se ybipeans e 1e uoneao| Buissal
e e “ba) suoneso| Buisselo pausyeid 18 Sy[EMSS0ID ||EISU| 03 pasn aq pinoys wawbpnl Bunsswbug suod Buisselo sidynw slepljosuoca digy few yemssold payiew e Guyjelsul ‘(sesle uMoOIUMOP U S19811s suel-om) ‘pasds-mo) “6-8) suopens swos u|

‘suelsapad Jo} fages Buissosd anoidw o) uswaaoidw) Buissolo |ERUEISENS JBU10 JO ‘pajueLEm
o1d Aq pasealoul aq Aew ysu ysesd uesapad aduls ‘UIIAYNSUI SIE SUOJE SY|BMSSOID Payepy = N

[E2-21E1) SE YINS ‘Sjuswieal] Jayio Guisn Japisuo) "auoje syjemssold payiew bu

auaym s|eubis uemsapad yum sjeufiis oyen ‘swusunesn B

yemssosd payew e Guippe siojeq ‘fuesssosu
sjuswaroidw Buissoss uemsapad Jaylo Y psouByUS pue psiojiuow £asold aq piRoys SUCHEID| 8SaL{] yus Ajpoey uesapad 1810 INOYIM PSPPE a1 SY[EMSS0ID JI N30 Aew ysu ysels uewysapad ul asealoul a|qissod = 4

"3UOIE YEMSS0ID payiew e jo uonejelsul sy ue Aipoud yby e Buped s1oeq uonedo| B 1B paLUyuod aq (suemsapad ply2 Jojpue Auspje alow Jo §| Jo) Jnoy yead Jad sbujssola uewlsapad Oz Jo uonez|n
WNWIUILL B JEL) PRPUSLILLIODS] S| ]| SBUS IS0 1B papasu aq ABw S10108} J8YI0 PUB ‘XIw 8[1yaa ‘sauelsip Wbis “paads appiyen ‘swnjon ueulsapad jo Apnis yidspul s10w e 3)IyM 'SUONEDO| BLUOS 1B JusPWNs aq fAew mainal aus e ‘Apms Bupssulbus ue Jog
“H|EMSS01D PSYIELL B 10} 8|GBUNS S| UONEIO0| SU) Jalsym sulwlslap o) papasu s1 Apnys Buusawbus ue 'syjemssord paylew wmau Buyeisul alojag flaos|as pue fjjnjaied pajelsul 84 1SNLU SY[EMSS0ID PayIE)| - SY|EMSSO0ID paylew 10} $ais sleplpued =

sauljepinb (0 1HSYY)
selwo uopepodsues] pue Aemybiy 21815 Jo UONEDOSSY UBISWY PUB 001 NW Yum 92ueplodde ul ‘suelsapad Jo) eaie alingas e se Ajsienbape amas 01 Buo| (Y 9) w g pue spw (Y #) W z'| 1583 18 24 ISnW pue|si BuIssom 10 UBlpall pasiel 8] ...

“suonea0| pazieubisun j pasn 54 10U PNOYS SUOJE SY|BMSS0I3 paxew (YW 0F) YWY §+9 Spas0xs Nwi| peads syl SI3Up ..

Sy|EMSS02 [EISUl o) 3saym Guipioap Joy sesea |enpiapul ul pasn aq pinoys uawbpnl Bupssubus

poob ‘suonepuswwosal [eisush sie assy) Buissols auy Jo Msges ay; saoidw 0} ‘papeau se (SUISUSIXS qUND ‘sainsesw Bujes-oyer ‘Bunyby pesyaae peoueyus ‘Buoueu Aempeol ‘eubis owern ‘ueipsw pasies “6-8) sjuswaoueyua foe) uewsapad
18Y)0 J8pIsuod o) Juepodwi 1 ) ‘Pa||EISUl BIE SYBMSS0ID PaYIEL J0U Jo 18UisL\, “suelsapad Joj Buiddols ssjoiyea slow Ul Ynssd Ajuessasau Asy) |4 Jou ‘18)es sBUISS0I0 SYEW JOU [[is SUOJE SY[BMSS0ID BUIppY "S801ASD [01JU0D DIYEL) 10/pUE SBINES)
ufiisap s1enbape Buipiaoad 1say 1noyum ‘s1sbuep Jsyio Jo ‘syjona faeay Jo swnjea [enuelsqns e ‘sufissp Buisnyuod Jo xsjdwoo ‘souelsip bis Jood s1 as8y) s1sym se yons ‘sueuisapad o) ysu flajes paseasoul ue Jussald pNoD JBY) SUCNEJO| 1B P3|EISUI

30 J0U PINOYS SH[EMSSOIY) "UBIPALU B PRISPISUCD JOU S| SUE| WN} JaJuad fem-om v sBuissosd jooyas o} fjdde jou op Ay ‘Buissosa syl 0} yaeoidde ay) uo subis dojs Jo sjeubis 21yel) ou LW SUCKEDO| ¥20|QPILL PUE UGIISSISIUI Spnjoul saulapinb asay)

UB|pall pasiel
N N N N N N N d d N d 2 noyim (Ssue| 310W 10 noy) su

selBIPAW
N N N N d d N d 2 d 2 2 pasiel yim (SaUE| S10W 1o Inoy) suenjy
N N d N d d d d 2 d 3 2 SaUE| FILL
N d o] N o] o] d 2 2 d o] 2 S8uE| oM ]|

{ypw op) (4w gg) {ypw pg)
Yy p'pg | uuw p'ag | U £8P S

(4w op) (ynw gg) (4w pg) (41w op) (4 gg) (4w og) (4w ow) (ymu gg)
ywy g | YN 29S| Wu e'gk 5 | WuM pp9 |y prag juy €°8F 5 | Wwqp'P9 |y p'ag

(adA] ueipap pue saue

» 3w paadg
12A€a] jo saqunp) 2dh) KAempeoy

000°Gk < 000°S}-000°T k< 000°Z} ©3 000'6< 000'6 =
10V 2121424 10V 21228 1AV 2RI2A 10V 21°P2A
. SUONEI0| pajjonuoIun e pad pap layio pue sy| 012 payJew Bujj|elsul o) SUCHEPUSWILIODAY || B|qe]

Table 7.1 Recommendations for Installing Marked Crosswalks at Uncontrolled Location
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Step 10. School Crossings

The safety of children to get to and from school is of special consideration that
may require the implementation of a crosswalk at locations that might otherwise
not be considered. A school crossing location will traditionally have significant
use by children that occurs consistent with school start and dismissal times,
making the crossing use noticeable to motorists. Consider appropriate treatment options
including crossing guards. At higher traffic speed crossings, this includes appropriate traffic
calming treatments in addition to other treatments.

If this step is completed directly after Step 8, and the location is not a school crossing location,
go to Step 9.

Step 11. Consider Appropriate Treatment Options

Appropriate treatment options should be considered for crossing locations as
based on the evaluation flowchart. In many cases, the most appropriate option is
to keep the location unmarked and unsigned (i.e. “Do Nothing”,) as any
treatment may increase the crash potential at the location.

The treatment options have been organized into four separate categories as shown in Table 7.2 to
7.5 depending on their primary function in serving pedestrian crossings.

Signing and Marking Treatments
Uncontrolled Crossing Treatments
Traffic Calming Treatments

High Level Treatments

Some of the options have not been shown to have any noticeable impact to motorist yielding and
service levels, but are provided as examples that have been implemented by some agencies.
Many of the traffic calming treatments may not directly impact motorist yielding but do result in
shorter crossing distances and a potential for lower traffic speeds. For ADA compliant versions
of the treatment summary tables, please see Appendix A.

In all cases, when speed limits are over 40 mph and/or the FHWA guidance indicates an N

designation, it may be appropriate to consider traffic calming treatments, no matter the other
treatments recommended.
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Signing and Marking Treatments

Signing and Marking Treatments (Table 7.2) are generally low cost and provide little to no
benefit in terms of operational impacts. The most significant impact is for High Visibility
Markings. The treatments can be appropriate by themselves on low volume and low speed
roadways unless accompanied by other types of treatments.

Figure 7.5 Pedestrian Crossing Warning
Sign with Down Arrow

La0/iE SN

Figure 7.3 Advance Pedestrian Crossing
Warning Sign

Figure 7.6 High Visibility Continental
Figure 7.4 In-Street Crossing Sign Crosswalk Markings
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Uncontrolled Crossing Treatments

Uncontrolled Crossing Treatments generally provide some level of increased yielding rate. They
are generally applied to locations with marked crosswalks to provide an extra level of

operational and safety benefit due to higher volume and speeds. Many of the treatments are
pedestrian activated.

Figure 7.7 Center Median with Refuge
Island

Figure 7.8 School Crossing Guard

Figure 7.9 Pedestal Mounted Flashing
Signal Beacons
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Figure 7.10 Overhead Flashing Signal
Beacons

Figure 7.11 Rapid Rectangular Flashing
Beacons (RRFB)

Figure 7.12 In-Road Warning Lights with Edge Lit Warning Sign
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Table 7.3 Uncontrolled Crossing Treatments
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Traffic Calming Treatments

Traffic Calming Treatments are generally applied to locations that are experiencing high traffic
speeds. Traffic speeds should be lowered to enable any type of at-grade crossing. They can also
be used to shorten crossing distances and improve pedestrian visibility. The shortened crossing
distances reduce the total time of exposure to conflicting traffic. This reduced exposure results in
safer crossing environments. These treatments may be completed in conjunction with
Uncontrolled Crossing Treatments and/or other treatments if determined to be necessary.

.

il apt

L1

Island i S 112 e

Figure 7.16 Curb Bump-Out

Figure 7.14 Crossing Location Lighting

Figure 7.17 Channelized Turn Lane with
Raised Crossing
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Table 7.4 Traffic Calming Treatments
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High Level Treatments

High Level Treatments are generally high cost and are generally implemented on high volume
and high speed roadways. They are much more difficult to implement unless they are justified
based on traffic and pedestrian volume.

Figure 7.21 Overpass

Figure 7.19 Pedestrian Traffic Signal
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Table 7.5 High Level Treatments
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The specific instance in which to use each treatment option is up to engineering judgment, but
recommended locations are provided as a starting basis. Additional research into which
treatments to use in which situations should be studied further and would provide valuable
insight to be used by agencies for consistent application of treatments. For additional information
on treatment options, please see:
e Minnesota Department of Transportation, "Minnesota's Best Practices for
Pedestrian/Bicycle Safety,” MnDOT Office of Traffic, Safety and Technology, Roseville,
MN, September 2013.
e D. A Noyce, "Best Practices Synthesis and Guidance in At-Grade Trail-Crossing
Treatments,” Minnesota Department of Transportation, St.Paul, MN, September 2013.

Repeat Step 4. Evaluate LOS for Treatment Option(s)
QEPEA4),

Step 4 should be repeated after deciding on a potential treatment option.
Determine the Level of Service (LOS) of the crossing condition with the
potential treatment options following the procedure as outlined in the 2010
Highway Capacity Manual and Chapter 6 of this report. An acceptable service

level should be determined by the Agency. If acceptable service levels cannot be met:

Do Nothing (consider leaving the crossing unmarked and unsigned,)

Consider a different treatment option,

Consider pedestrian routing to another location, and/or

Consider High Level Treatments, if justified.

85



This page intentionally left blank.

86



Chapter 8

Examples

Using the information provided in Chapters 2 through 6, some examples from Minnesota are
provided. The names of cities, streets, and other location specific information has been removed
as these examples and results have not been approved by the jurisdictional authority.

Examples 1 through 4 include the full analysis, equations, and procedure while examples 5
through 10 include a brief synopsis of the procedure but all analysis is completed in the attached

worksheets.
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Example 1: Two-Lane Rural Highway Trail Crossing

Site Review
Conduct a field review and take pedestrian/vehicle counts during the peak hours.

Residential

Google earth

The crossing location connects a Regional Trail. The trail crossing extends across the two-lane
highway. The crossing has no medians, has pavement markings and pedestrian crossing warning
signs.
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Complete Field Review Worksheet.

w

Uncontrolled Pedestrian Crossing

mﬁ Data Collection Worksheet
Location: Example 1: Two-Lane Rural Highway Date:
City, State: Any City, Minnesota Scenario: Trail Crossing
Reviewer(s): Agency:
Project #: 1D #:
The first step in understanding the pedestrian needs at a potential crossing location is completing
a review of the location and adjacent facilities.
Crossing Length: Measure the crossing distance from curb to curb. Crossing 1 45 ft.
Fill in Crossing 1 distance if there is no median. If there is a median at the Crossing 2 8] ft.
crossing location, fillin Crossing 1 and 2 distances
Median: width of median at crossing location (4] ft.
Crossing Width: effective crosswalk width 6 ft.
Raised Median Available? ] Yes No
" ADA Compliant Median Available (minimum 4' x 4' landing)? [ Yes [4 No
§ Curb Ramps Available? [ Yes No
E ADA Compliant Curb Ramp Awvailable (width, grades, truncated domes)? [ Yes No
$ Speed: Posted or 85" percentile speed 45 mph
@ Roadway Curvature and Sight Distances: Average walking speed 6.2 ft/s
Is the crossing location within a horizontal or vertical curve? [ Yes No
Equations to calculate the following are located on the next page
Direction 1: Stopping Sight Distance [S5D) 360 ft. provided? Yes [ No
Direction 2: Stopping Sight Distance (SSD) ft. provided? [0 Yes [ Mo
Direction 1: Pedestrian Sight Distance (PedSD) 679 ft. provided? Yes [] No
Direction 2: Pedestrian Sight Distance (PedSD) ft. provided? [ Yes [] No
Trafficand Measure traffic and pedestrian volume in 15-minute increments on the roadway to be crossed.
Pedestrian Attach Counts vehicles: Daily| 8,200 pedestrians: Daily
. AM Peak Hourly 508 Pk 15-min 142 Hourly 16 Pk 15-min
PM Peak Hourly 341 Pk 15-min 94 Hourly 15 Pk 15-min
Lighting:
Is street lighting present and does it light the crosswalk location? ] Yes No
Crosswalk Pavement Markings: Is the pedestrian crossing currently marked? Yes [ No
What is the condition of the markings? [] Excellent [] Good [] Fair Poor,
s Are the markings easily defined? ] Yes No
:‘{E Do they need replacement? Yes [] No
% What is the crosswalk marking pattern? I Continental
E Signing: Currently signed at crosswalk? Yes [ No
i Currently signed in advance of crosswalk? Yes [ No
P Distances? direction 1 547 ft. direction 2 458  |ft.
‘—“: Enhancements: What enhancements are currently at Trail Crossing signs (text)
_E the crossing location? dir 1: north, dir 2: south
§ Adjacent Facilities: Distance to nearest marked crosswalk? 2,000 |ft
< What pedestrian control devices are present Traffic signal
at the nearest adjacent marked crosswalk?
Distance to nearest all-way stop, roundabout or signalized intersection 2,000 |ft
Could another location serve the same pedestrian crossing movement? [ Yes No
Could another location serve the the movement more effectively? ] Yes No

Developed by Bolton & Menk, Inc. incoosdination with the Local Road Research Board. Worksheets made without charge and under no circumstances shall be sold by third parties for profit.

Page 1 of 2
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' Uncontrolled Pedestrian Crossing

I{ﬁ Data Collection Worksheet

Mark the following: site distances and potential conflicts, pavement markings (crosswalk, edge lines, center lines, lane lines, stop lines, and any other
markings), signing, location of lighting units, curb ramps, truncated domes, presence of any other crosswalks or crossing locations parallel to and
nearhy the location being studied, adjacent intersection traffic control, parking, intersection width, lane lengths, shoulder widths, sign placement,
and nearby orgins and destinations .

draw or insert map of location being studied

\G00 __ le earth

Notes: No curb, trail meets roadway at-grade, crossing connects a regional trail, in no passing zone
12" lanes, shoulder 0 to 8" wide,
crosswalk &' wide, trail 12' wide

Sight Distance Calculations: where: defaults:
Stopping sight distance [SSD), ft= 1475t + 1.0?551,&3 L = brake reaction time, s 25
Pedestrian sight distance (PedSD), ft = 1.475(L/ 5, + ) a = decelerztion rate, ft/s’ 112
S, = average pedestrian walking speed, ft/s 35

where: 5 = design speed, mph t, = pedestrian start-up and end clearance time, s a0

L = length of crossing, ft

Page 2 of 2
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Safety Review
No pedestrian crashes at the location within last ten years. There have been three rear-end

crashes at the location within the last ten years.

What does this tell us? Vehicles are stopping, but may be late in stopping. Sight distance may be
impaired. Review of location indicates that pedestrians may come out quickly from tree cover.

SSD, PedSD Calculation
The Field Review Worksheet completes this calculation.

VZ

Where:

dprt = driver perception — reaction distance, (ft)
dyr = braking distance (ft)

V = design speed (mph)

t = brake reaction time (s) [DEFAULT = 2.5 sec]

a = deceleration rate (j—z) [DEFAULT = 11.2 It

s2

2

45
SSD = 1.47 x45 % 2.5+ 1.075m = 359.7 ft = 360 ft

Evaluation of the crossing indicates that there is sufficient stopping sight distance.

L
PedSD = 1.47V(— + t,)
Sp
Where:

L = length of crossing (ft)
ft

?]

ts = pedestrian start — up and end clearance time (s) [DEFAULT = 3.0 sec]

ft
Sp = average pedestrian walking speed (§> [DEFAULT = 3.5

Actual pedestrian walking speed collected: average 6.2 ft/s
45
PedSD = 1.47 x 45 x (E + 3.0) =679 ft

Again, evaluation of the crossing indicates that there is sufficient pedestrian sight distance for
this crossing. There is approximately 880 ft available to the south, and approximately 860 ft
available to the north.
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HCM Analysis
Determine inputs:

V =508 in AM, 341 in PM

Evaluation Inputs: defaults: Input Table:
L = crosswalk length (ft) L= 45
S, = average pedestrian walking speed (ft/s) Sp= 35 Sp= 6.2
t, = pedestrian start-up and end clearance time (s) ts= 3.0 ts= 3
V = vehicular hourly volume (veh/hr) V= 508
Peak 15-minute volume (veh) 142
V, = pedestrian flow rate (ped/s) V, = o* V, = 0
W, = crosswalk width (ft) W, = 8.0 W, = 6.0
N = number of lanes crossed N=  INT(L/11) N = 2

AM Peak Hour
Step 1: Identify Two-Staged Crossings

a. There is no median.
b. There are no curb ramps — There is no curb

Step 2: Determine Critical Headway

Pedestrian Platooning is NOT observed, so the spatial distribution of pedestrians can assumed to

be 1 (Ny=1, v, = 0) and the critical headway is determined from the equation below:
Single Pedestrian:

L
te=teg= —+¢

Sp

45
teg = 62 + 3.0 = 10.3 sec

Step 3: Estimate Probability of a delayed crossing

Calculate the flow rate (since we have the data, using peak 15-minutes):

_ vV _ 508 _ 508_5681Jeh_016 L
V= PHF~ 508 89 oo e /s
4 %142
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Calculate the probability of a delayed crossing
_tc,GV
Pb =1—e N

Pi=1—(1-Py"

-10.3(0.16)
Pb =1—c¢e 2 = 0.55

P;=1-(1-0.55)*=0.80

Step 4: Calculate Average Delay to Wait for Adequate Gap

1 vt
dgy = ;(e o6 —vt.s — 1)

d

_ 9

dgq = 5,

1
dy = —— (%1103 — 0.16(10.3) — 1) = 15.4 sec
0.16
15.4

dga = 056 - 19.2 sec

If there are no additional treatments at the crossing, delay = 19.2 sec. (LOS C)

Delay is acceptable. Location does have high visibility markings and signs but they are in poor
condition. The roadway has a speed limit of 45 mph. Little to no yielding is likely due to the
presence of the markings and signs. Considered to have no treatments. Go to Step 5 of the
flowchart.

Pedestrian Sight Distance

Pedestrian Sight Distance is provided. Based on available data, the crossing does not need any
treatments and does not have to be marked or signed.

PM Peak Hour

Same process as AM Peak Hour:
Delay = 12.3 sec = LOSC

Analysis of the crossing indicates that the crossing is experiencing LOS C during the AM Peak
Hour and LOS C in the PM Peak Hour. Pedestrian traffic is essentially equal in the AM and PM.

Result
Acceptable Service Level in the AM and PM
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Because there is an acceptable level of service for this crossing, and the PedSD/SSD are met, no
changes are recommended at this crossing. Based on the analysis, the signings and markings
could be removed but since they are already in place, that can be difficult politically.

Some recommendations based on the field review.
e The crosswalk markings should be re-applied so that they are effective for traffic.

e The crosswalk markings should be re-marked to match the width of the trail, 12’ instead
of the standard 6°.

e Trail crossing warning signs should be updated with the most recent version from the MN
MUTCD.

How does this compare to a gap study?

Gap Study (If Available)

AM Gap Study

M Both Directions Southbound Only Northbound Only

350
300
250
200
150
100

50

0 I I [ | B = - =

0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 41-45 46-50 51-55 56-60 More
GAP (SEC)

OCCURENCES
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PM Gap Study

M Both Directions Southbound Only Northbound Only

180
160
140
120
100

80

60
40 I
20 I I
0 [ [ ! = - - - _

0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 41-45 46-50 51-55 56-60 More
GAP (SEC)

OCCURANCES

A gap study can show how much time exists between successive vehicles. This can be used to
determine if there are available gaps to cross. As can be seen by these graphs, most of the gaps
are very small (0-10 sec) for both directions, meaning these are the gaps available to cross both
directions of traffic.

45
Needed Gap = Crossing Time + Start/End Time = 2 +3 =10.3 sec

Check of the data provided in the gap study graph indicates that there are 131 gaps available
during the AM peak hour and 137 gaps available during the PM peak hour that meet the needed
crossing time of 10.3 seconds. This indicates that there is approximately one acceptable gap
every 30 seconds. Generally this would indicate an average wait time of around 15 seconds,
close to the results from the HCM analysis.

The HCM evaluation worksheets are provided on the next pages.
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4

Uncontrolled Pedestrian Crossing Level of Service
Evaluation Worksheet

LRRB
Crossing Location: Example 1:Two Lane Rural Highway Date:
City, State: Any City, Minnesota Scenario: Trail Crossing, AM Peak Hour
Reviewer(s): Agency:
Step 1: Identify Is there a median available for a two-stage crossing? [ Yes No
Two-5Stage If yes, does the median refuge meet ADA requirements (4' x 4' landing)? [ Yes No
Crossings If yes, does the median refuge need to meet ADA requirements (4" x 4' landing)? ] Yes No
Critical headway is the time below which a pedestrian will not attempt to begin crossing the street. Pedestrians use
judgement to determine whether the available headway is sufficent for a safe crossing.
For a single pedestrian: where:t. = critical headway for a single pedestrian (s)
t = L t, L = crosswalk length (ft)
Sy S, = average pedestrian walking speed (ft/s)
crossing 1 crossing 2 t, = pedestrian start-up and end clearance time (s)
L= 45 t.= 3] L= t= S,=3.5ft/s
S,=| 6.2 t.=| 10.3] §,= t. = t, =3 sec
If pedestrian platooning is observed, the spatial distribution of pedestrians should be computed:
1. use field observations or estimate platoon size using equation:
_ v o Vsle 4 eV where: N = total number of pedestrians in crossing platoon
T w,tv)e (ped)
Step 2: Uy = pedestrian flow rate (ped/s)
. crossing 1 crossing 2 1 = vehicular flow rate across crossing (veh/s)
EﬁtiraT:_'n:adway Vp = te=| 10.3| vp= t. L. = single pedestrian critical headway (s)
v=| 0.16 N, = V= N.=
2. compute spatial distribution:
N = 8.0(N.-1) ] where: Ny = spatial distributions of pedestrians (ped)
P Int W, +1 N, = total number of pedestrians in crossing platoon
(ped)
crossing 1 crossing 2 W, = crosswalk width (ft)
N, = N, = 8.0 = default clear width used by a single pedestrian
W, = 6 N, :l W, = N, :[— to avoid interference with other pedestrians (ft)

clear width, if other than Szl:lft.

where: t.g = group critical headway (s)

3. compute group critical headway:

t.g=t. +2(N-1
oo = t+ 2(Ny-1) t. = single pedestrian critical headway (s)

crossing 1 Np = spatial distributions of pedestrians (ped)

crossing 2
N, = N, =

t.=| 103 t= to=

th=

Probability that a pedestrian will not incur any crossing delay is equal to the likelihood that a pedestrian will
encounter a gap greater than or equal to the critical headway immediately upon arrival at the intersection.

where: Py = probability of blocked lane

. Py= 1N . .
Step 3: Estimate P4 = probability of delayed crossing
Probability of a P.=1-(1-P )" N = number of lanes crossed
Delayed d (1-Py) t.c = group critical headway (s) =t if no platooning
Crossing crossing 1 crossing 2 v = vehicular flow rate across crossing(veh/s)
tec=| 10.3 te=
=| 0.16 P,=| 0.56] v= P, =
= 2 Ps=| 0.8 = Py=

Calculations Sheet 1 Page 3 of 5

Developed by Bolton Menk, Inc.

for the Local Road Research Board

HCM Evaluation Waorksheet
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' Uncontrolled Pedestrian Crossing Level of Service
' Evaluation Worksheet

LRRB
Average delay assumes that no motor vehicles yield and the pedestrian is forced to wait for an adequate gap.
1 where:  d, = average pedestrian gap delay (s)
dy = (€' - Ut - 1) ¢ -
v y t.s = group critical headway (s)
crossing 1 crossing 2 v = vehicular flow rate across crossing (veh/s)
Step 4: Calculate| t. g=| 10.26 tc=
Average Delay v= 016 ds=| 15.42 w= dI‘:[
to Wait for Average delay for a pedestrian who is unable to cross immediately upon reaching the intersection
Adequate Gap (e.g., any pedestrian experiencing nonzero delay.)
dyo = d‘ where:  d,4 = average gap delay for pedestrians who incur
Py nonzero delay
crossing 1 crossing 2 d, = average pedestrian gap delay (s)
ds =| 15.42 ds = P4 = probability of a delayed crossing
Pg=| 080| dpy=[ 19.22] Py= dya =
When a pedestrian arrives at a crossing and finds an inadequate gap, that pedestrian is delayed until one of two
situations occurs: (a) a gap greater than the critical headway is available, or (b) motor vehicles yield and allow the
pedestrian to cross. While motorists are legally required to stop for crossing pedestrians in MN at all marked crossings
and either marked or unmarked crossings at intersections, motorist yield rates actually vary considerably.
Some crossing treatments and yield rates based on research are provided on the next page.
Average pedestrian delay where: d; = average pedestrian delay (s)
= " 1 = crossing event (1=1to 7.)
d,= - . - .
P ;flh‘ O'S}P(YJ +(Py Z‘ﬁlylndsd fi = average headway for each through lane = N/
Step 5: Estimate ) ) F(Y';) = probability that motorists yield to
Delay Reduction crassing 1 crassing 2 pedestrian on crossing event 1
due to Yielding h =| | n= h =| | ns= 1t = Int{d,g/h), average number of crossing
Vehicles d, = d, = events before an adequate gap is available
1. One-Lane Crossing 7 = crossing event (7=0to 1-1)
If yielding is . P(Y ) = probability that motorists yield to
(Ify g ) P{Y;)= P,M [1-M ]1, 1 J ) } .
zero, then skip ¥ ¥ pedestrian on crossing event 7
step 5) 2. Two-Lane Crossing M., = motorist yield rate (decimal) My, ::|
it a3 ) p Zag 2
P(Y1)= 2P,(1-P,)M, +1P,’M, > PLY )= [p = S p()|[GROZ) + (274,
L—lr b(1-Py) y b Wiy b (] Z (%) | P, |
3. Three-Lane Crossing
=1 3py 3 2 z 2
Py M7+ 3P, (1= Py )M, + 3P, (1 — Pp)*M.
P(Y-;] = 1Py ZP“’H” o v My s ( b; y ) w( b) yl Summarv
= d Average 19.2
4. Four-Lane Crossing LOS C
i-1 g 4 3 3 z 2ay T 3
Pyt M+ 4P (1 - PMLT) + 6P (1 = PREMLY) + 4PL(1 - PyTIM
P‘Yt,= [Pd_ZP(Vj])]‘{ b My b ( w)My) ;ﬂ( 5} My") bl b ) Y,
=0
LOS |Control Delay (sec/ped) Comments
Step 6: Calculate — -
Average A 0-5 Usually no conflicting traffic
& . B 5-10 Occasionally some delay due to conflicting traffic
Pedestrian Delay - . - - .
. C 10-20 Delay noticeable to pedestrians, but not inconvienencing
& Determine - — - -
LOS D 20-30 Delay noticeable/irritating, increased chance of risk-taking
E 30-45 Delay approaches tolerance level, risk-taking likely
F >45 Delay exceeds tolerance level, high chance of risk-taking
Calculations Sheet 2 Page 4 of 5

Developed by Bolton Menk, Inc. .
for the Local Road Research Board HCM Evaluation Worksheet
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Uncontrolled Pedestrian Crossing Level of Service
Evaluation Worksheet

LRRB
Crossing Location: Example 1:Two Lane Rural Highway Date:
City, State: Any City, Minnesota Scenario: Trail Crossing, PM Peak Hour
Reviewer(s): Agency:
Step 1: Identify Is there a median available for a two-stage crossing? [ Yes No
Two-5Stage If yes, does the median refuge meet ADA requirements (4' x 4' landing)? [ Yes No
Crossings If yes, does the median refuge need to meet ADA requirements (4" x 4' landing)? ] Yes No
Critical headway is the time below which a pedestrian will not attempt to begin crossing the street. Pedestrians use
judgement to determine whether the available headway is sufficent for a safe crossing.
For a single pedestrian: where:t. = critical headway for a single pedestrian (s)
t = L t, L = crosswalk length (ft)
Sy S, = average pedestrian walking speed (ft/s)
crossing 1 crossing 2 t, = pedestrian start-up and end clearance time (s)
L= 45 t.= 3] L= t= S,=3.5ft/s
S,=| 6.2 t.=| 10.3] §,= t. = t, =3 sec
If pedestrian platooning is observed, the spatial distribution of pedestrians should be computed:
1. use field observations or estimate platoon size using equation:
_ v o Vsle 4 eV where: N = total number of pedestrians in crossing platoon
T w,tv)e (ped)
Step 2: Uy = pedestrian flow rate (ped/s)
. crossing 1 crossing 2 1 = vehicular flow rate across crossing (veh/s)
EﬁtiraT:_'n:adway Vp = te=| 10.3| vp= t. L. = single pedestrian critical headway (s)
v=| 01 N, = V= N.=
2. compute spatial distribution:
N = 8.0(N.-1) ] where: Ny = spatial distributions of pedestrians (ped)
P Int W, +1 N, = total number of pedestrians in crossing platoon
(ped)
crossing 1 crossing 2 W, = crosswalk width (ft)
N, = N, = 8.0 = default clear width used by a single pedestrian
W, = 6 N, :l W, = N, :[— to avoid interference with other pedestrians (ft)

clear width, if other than Szl:lft.

where: t.g = group critical headway (s)

3. compute group critical headway:

t.g=t. +2(N-1
oo = t+ 2(Ny-1) t. = single pedestrian critical headway (s)

crossing 1 Np = spatial distributions of pedestrians (ped)

crossing 2
N, = N, =

t.=| 103 t= to=

th=

Step 3: Estimate
Probability of a
Delayed
Crossing

Probability that a pedestrian will not incur any crossing delay is equal to the likelihood that a pedestrian will
encounter a gap greater than or equal to the critical headway immediately upon arrival at the intersection.
where: Py = probability of blocked lane

P.=1 _e"e,z:‘-’fu
b P4 = probability of delayed crossing
N = number of lanes crossed
Py=1-(1-P,)" L . )
t.c = group critical headway (s) =t if no platooning
crossing 1 crossing 2 v = vehicular flow rate across crossing(veh/s)
tec=| 10.3 te=
v=| 01 Py=| 041 v= P, =
= 2 Pd =| 0.66 = Pd =

Calculations Sheet 1 Page 3 of 5
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LRRB

Uncontrolled Pedestrian Crossing Level of Service
Evaluation Worksheet

Average delay assumes that no motor vehicles yield and the pedestrian is forced to wait for an adequate gap.

1 where:  d, = average pedestrian gap delay (s)
dy = (€' - Ut - 1) ¢ -
) y t.s = group critical headway (s)
crossing 1 crossing 2 v = vehicular flow rate across crossing (veh/s)
Step 4: Calculate| t. g=| 10.26 tc=
Average Delay v 0.10 d, =| 8.07] v= d, =[
to Wait for Average delay for a pedestrian who is unable to cross immediately upon reaching the intersection
Adequate Gap (e.g., any pedestrian experiencing nonzero delay.)
do. = d‘ where:  d,4 = average gap delay for pedestrians who incur
& Py nonzero delay
crossing 1 crossing 2 d, = average pedestrian gap delay (s)
ds =| 8.071 ds = P4 = probability of a delayed crossing
Pg=| 066| dp=[ 12.304] Py= dya =

Step 5: Estimate
Delay Reduction
due to Yielding
Vehicles

(If yielding is
zero, then skip
step 5)

When a pedestrian arrives at a crossing and finds an inadequate gap, that pedestrian is delayed until one of two
situations occurs: (a) a gap greater than the critical headway is available, or (b) motor vehicles yield and allow the
pedestrian to cross. While motorists are legally required to stop for crossing pedestrians in MN at all marked crossings
and either marked or unmarked crossings at intersections, motorist yield rates actually vary considerably.

Some crossing treatments and yield rates based on research are provided on the next page.
Average pedestrian delay where: d; = average pedestrian delay (s)

- " 1 = crossing event i=1to 71
d, = Zh[’b- U-S]P(Yi]+{Pd-ZP[Yi}]dsd 1. = crossing event (1 0 7)
=1 i=1

fi = average headway for each through lane = N/
F(Y';) = probability that motorists yield to

crossing 1 crossing 2 pedestrian on crossing event 1
h =| | n= h =| | n= 7. = Int(d,y/h), average number of crossing
dp = dp = events before an adequate gap is available

7 = crossing event (7=0to 1-1)
P(Y';) = probability that motorists yield to

1. One-Lane Crossing

P(Y3)= P,M, (1-M,)*" .
* d yl 'y] pedestrian on crossing event
M., = motorist yield rate (decimal) M

P(};}l =|p, - z P(x)

=

2. Two-Lane Crossing

¥

[f'.H‘,.[l =P )M,) + U’nzu;-':}]
[ Py |

P(Y1) = 2P,(1-P, )M, +1P,’M,
i=1
3. Three-Lane Crossing

=1 3py 3 2 z 2
Py M 3P (1—-PpM 3P (1 - Pp)*M
P(Y1]= Py ZP“’H”'l s My + 3P( b; v )+ 3P( b) 7 Summary
=0 d Average 12.3
4. Four-Lane Crossing LOS C
P(Y,)= [Pd—jz‘:‘”“’n)] , [P,,*MJ,‘ +4Py (1 - PyIM,®) + 6P 7 (1 — Py Y M%) + 4Py(1 — P,,-‘)MJ,}
=0 P"
LOS |Control Delay (sec/ped) Comments
Step 6: Calculate
Avel:a o A 0-5 Usually no conflicting traffic
& . B 5-10 Occasionally some delay due to conflicting traffic
Pedestrian Delay - . - - .
. C 10-20 Delay noticeable to pedestrians, but not inconvienencing
& Determine - — - -
LOS D 20-30 Delay noticeable/irritating, increased chance of risk-taking
E 30-45 Delay approaches tolerance level, risk-taking likely
F >45 Delay exceeds tolerance level, high chance of risk-taking
Calculations Sheet 2 Page 4 of 5

Developed by Bolton Menk, Inc.
for the Local Road Research Board
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Example 2: Two-Lane Urban Street Crossing

Site Review
Conduct a field review and take pedestrian/vehicle counts during the peak hours.

Regional
S sl Recreational Park

VRN [, o Restaurant
o

- F o

Bus Stop

GI.II.TIE._‘:IE earth

The crossing is currently unmarked and there is a bus stop at the crossing location.
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Complete Field Review Worksheet.

4

Uncontrolled Pedestrian Crossing

mﬁ Data Collection Worksheet
Location: Two Lane Urban Street Date:
City, State: Any City, Minnesota Scenario: Saturday, Noon
Reviewer(s): Agency:
Project #: 1D #:
The first step in understanding the pedestrian needs at a potential crossing location is completing
a review of the location and adjacent facilities.
Crossing Length: Measure the crossing distance from curb to curb. Crossing 1 66 ft.
Fill in Crossing 1 distance if there is no median. If there is a median at the Crossing 2 8] ft.
crossing location, fillin Crossing 1 and 2 distances
Median: width of median at crossing location (4] ft.
Crossing Width: effective crosswalk width 8 ft.
Raised Median Available? [ Yes [] No
" ADA Compliant Median Available (minimum 4' x 4' landing)? [ Yes [ No
§ Curb Ramps Available? [ Yes [J Neo
E ADA Compliant Curb Ramp Awvailable (width, grades, truncated domes)? [ Yes [ MNo
$ Speed: Posted or 85" percentile speed 30 mph
@ Roadway Curvature and Sight Distances: Average walking speed 3.5 ft/s
Is the crossing location within a horizontal or vertical curve? Yes [ No
Equations to calculate the following are located on the next page
Direction 1: Stopping Sight Distance [S5D) 197 ft. provided? Yes [ No
Direction 2: Stopping Sight Distance (SSD) ft. provided? [0 Yes [ Mo
Direction 1: Pedestrian Sight Distance (PedSD) 964 ft. provided? [ Yes [“] No
Direction 2: Pedestrian Sight Distance (PedSD) ft. provided? [ Yes [] No
Trafficand Measure traffic and pedestrian volume in 15-minute increments on the roadway to be crossed.
Pedestrian Attach Counts vehicles: Daily| 10,400 pedestrians: Daily
. AM Peak Hourly Pk 15-min Hourly Pk 15-min
PM Peak Hourly 650 Pk 15-min 219 Hourly 3 Pk 15-min
Lighting:
Is street lighting present and does it light the crosswalk location? Yes [ No
Crosswalk Pavement Markings: Is the pedestrian crossing currently marked? [] Yes No
What is the condition of the markings? [] Excellent [] Good [] Fair [ Poor
s Are the markings easily defined? [J Yes [J No
:‘{E Do they need replacement? [ Yes [] No
% What is the crosswalk marking pattern? I
E Signing: Currently signed at crosswalk? [ Yes No
i Currently signed in advance of crosswalk? ] Yes No
P Distances? direction 1 ft. direction 2 ft.
‘—“: Enhancements: What enhancements are currently at
_E the crossing location?
§ Adjacent Facilities: Distance to nearest marked crosswalk? 515 |ft.
< What pedestrian control devices are present Traffic Signal
at the nearest adjacent marked crosswalk?
Distance to nearest all-way stop, roundabout or signalized intersection 515  |ft
Could another location serve the same pedestrian crossing movement? Yes [ No
Could another location serve the the movement more effectively? ] Yes No

Developed by Bolton & Menk, Inc. incoosdination with the Local Road Research Board. Worksheets made without charge and under no circumstances shall be sold by third parties for profit.

Page 1 of 2
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' Uncontrolled Pedestrian Crossing

If“’ ﬁ Data Collection Worksheet

Mark the following: site distances and potential conflicts, pavement markings (crosswalk, edge lines, center lines, lane lines, stop lines, and any other

markings), signing, location of lighting units, curb ramps, truncated domes, presence of any other crosswalks or crossing locations parallel to and

nearby the location being studied, adjacent intersection traffic control, parking, intersection width, lane lengths, shoulder widths, sign placement,
and nearby orgins and destinations .

draw or insert map of location being studied

No Truncated
Dome/Curb Cut

Google earth

Notes: Crossing location unmarked, no effective curb ramps, lighting on north corner
no pedestrian crossing signing

Sight Distance Calculations: where: defaults:
Stopping sight distance [SSD), ft= 1475t + 1.0?551,’3 L = brake reaction time, s 25
Pedestrian sight distance (PedSD), ft = 1.475(L/ 5, + ) a = decelerztion rate, ft/s’ 112
S, = average pedestrian walking speed, ft/s 35

where: 5 = design speed, mph t, = pedestrian start-up and end clearance time, s ER]

L = length of crossing, ft

Page 2 of 2
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Safety Review
No pedestrian crashes at the location within last ten years. Two run off road crashes near the

intersection in past ten years.
No safety issues indicated by crash data.

SSD, PedSD Calculation

VZ
Where:
dpgrt = driver perception — reaction distance, (ft)
dyr = braking distance (ft)
V = design speed (mph)
t = brake reaction time (s) [DEFAULT = 2.5 sec]
a = deceleration rate (Sf—z) [DEFAULT = 11.2 g

2

SSD = 1.47 » 30 * 2.5 + 1.075 112

=197 ft
Looking at a map of the crossing, there is sufficient stopping sight distance for this crossing.

L
PedSD = 1.47V(— + t,)
Sp
Where:

L = length of crossing (ft)
ft

?]

tg = pedestrian start — up and clearance time (s) [DEFAULT = 3.0 sec]

ft
Sp = average pedestrian walking speed (;) [DEFAULT = 3.5

66
PedSD = 1.47 % 30 * (ﬁ + 3) =964 ft

Looking at a map of the crossing, there is not sufficient pedestrian sight distance. There is
approximately 400 to 500 ft ft available to the east, and approximately 1,200 to 1,400 ft available
to the northwest.
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HCM Analysis
Determine inputs:

Evaluation Inputs: defaults: Input Table:
L = crosswalk length (ft) L= 66
S, = average pedestrian walking speed (ft/s) Sp= 35 Sp= 3.5
t, = pedestrian start-up and end clearance time (s) ts= 3.0 ts= 3
V = vehicular hourly volume (veh/hr) V= 690
Peak 15-minute volume (veh) 219
V, = pedestrian flow rate (ped/s) V, = o* V, =

W, = crosswalk width (ft) W, = 8.0 W, =

N = number of lanes crossed N=  INT(L/11) N =

Weekend Midday Peak Hour
Step 1: Identify Two-Staged Crossings
There is no median at the crosswalk. This is a one-stage crossing
Step 2: Determine Critical Headway
Pedestrian Platooning is NOT observed, so the spatial distribution of pedestrians can assumed to

be 1 (Ny=1, v, = 0) and the critical headway is determined from the equation below:
Single Pedestrian:

66
teg = 35 + 3.0 = 21.9 sec

Step 3: Estimate Probability of a delayed crossing

_tc,GV
Pb=1—e N

Pd:].—(l—Pb)N

v 690 _87617eh_024 L
v_PHF_ 290 = =0 veh/s
4 %219
—21.9(0.24)
P,=1—¢ 2 = 0.93



P,=1-(1-0.93)2=0.99

Step 4: Calculate Average Delay to Wait for Adequate Gap

1 vt
dg = ;(e o6 —vt.e — 1)

d
_ _9
dgd —_ P_d
1
— 0.24(21.9) _ _ —
dg = 5=2 (e 0.24(21.9) — 1) = 765 sec
764
gd = m = 769 sec

There is no reduction in delay due to yielding vehicles

d, = dgq =769 sec =LOSF

Analysis of the crossing indicates that the crossing is experiencing LOS F the Midday Peak
Hour.

Result: Unacceptable Service Level. Skip to Step 6 of the evaluation flowchart.
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LRRE
Crossing Location:
City, State:
Reviewer(s):

Uncontrolled Pedestrian Crossing Level of Service
Evaluation Worksheet

Example 2: Two Lane Urban Street Date:
Any City, Minnesota Scenario: Saturday, noon
Agency:

Step 1: Identify Is there a median available for a two-stage crossing? [ Yes
Two-5Stage If yes, does the median refuge meet ADA requirements (4' x 4' landing)? [ Yes
Crossings If yes, does the median refuge need to meet ADA requirements (4" x 4' landing)? ] Yes No
Critical headway is the time below which a pedestrian will not attempt to begin crossing the street. Pedestrians use
judgement to determine whether the available headway is sufficent for a safe crossing.
For a single pedestrian: where:t. = critical headway for a single pedestrian (s)
t = L t, L = crosswalk length (ft)
Sy S, = average pedestrian walking speed (ft/s)
crossing 1 crossing 2 t, = pedestrian start-up and end clearance time (s)
L= 66 t.= 3] L= t,= S,=3.5ft/s
S,=| 3.5 t.=| 21.9] §;,= t. = t, =3 sec
If pedestrian platooning is observed, the spatial distribution of pedestrians should be computed:
1. use field observations or estimate platoon size using equation:
_ v o Vsle 4 eV where: N = total number of pedestrians in crossing platoon
© gyt vietr (ped)
Step 2: Uy = pedestrian flow rate (ped/s)
D tp " crossing 1 crossing 2 1 = vehicular flow rate across crossing (veh/s)
etermine
. Uy = t.=| 219| v,= t.= L. = single pedestrian critical headway (s
Critical Headway P ¢ P ¢ cTsingiep vis)
v=| 0.24 N, = V= N.=
2. compute spatial distribution:
N = 8.0(N.-1) ] where: Ny = spatial distributions of pedestrians (ped)
P Int W, +1 N, = total number of pedestrians in crossing platoon
(ped)
crossing 1 crossing 2 W, = crosswalk width (ft)
N, = N, = 8.0 = default clear width used by a single pedestrian
W, = 8 N, =| W, = N, = to avoid interference with other pedestrians (ft)
3. compute group critical headway: clear width, if other than 8: ft.
where: t. = group critical headway (s,
to= t+2(N,-1) i = Broup . ”v{)
t. = single pedestrian critical headway (s)
crossing 1 crossing 2 Np = spatial distributions of pedestrians (ped)
N, = N, =
t=| 218 t,= t= te=

. Py= 1N . .
Step 3: Estimate P4 = probability of delayed crossing
Probability of a P.=1-(1-P )" N = number of lanes crossed
Delayed d (1-Py) t.c = group critical headway (s) =t if no platooning
Crossing crossing 1 crossing 2 v = vehicular flow rate across crossing(veh/s)
tee=| 21.9 te=
v=| 0.24 P,=| 093] v= P, =
= 2 Py=| 0.99 = Py=

Probability that a pedestrian will not incur any crossing delay is equal to the likelihood that a pedestrian will
encounter a gap greater than or equal to the critical headway immediately upon arrival at the intersection.
where: Py = probability of blocked lane

Developed by Bolton Menk, Inc.
for the Local Road Research Board
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LRRB

Uncontrolled Pedestrian Crossing Level of Service
Evaluation Worksheet

Step 4: Calculate
Average Delay
to Wait for
Adequate Gap

Average delay assumes that no motor vehicles yield and the pedestrian is forced to wait for an adequate gap.

dg =;{em"“-'utm -1) where:  d, = average p_eglestrian gap delay (s)
. t.s = group critical headway (s)
crossing 1 crossing 2 v = vehicular flow rate across crossing (veh/s)
t.c=| 21.86 tc=
v= 024 d,=| 76461 v= d, =/
Average delay for a pedestrian who is unable to cross immediately upon reaching the intersection
(e.g., any pedestrian experiencing nonzero delay.)
dye :-dL where:  d,4 = average gap delay for pedestrians who incur
Py nonzero delay
crossing 1 crossing 2 d, = average pedestrian gap delay (s)
ds =| 764.6 ds = P4 = probability of a delayed crossing
Py=| 0.995| dp=[ 768.66] Py= dy =|

Step 5: Estimate
Delay Reduction
due to Yielding
Vehicles

(If yielding is
zero, then skip
step 5)

When a pedestrian arrives at a crossing and finds an inadequate gap, that pedestrian is delayed until one of two
situations occurs: (a) a gap greater than the critical headway is available, or (b) motor vehicles yield and allow the
pedestrian to cross. While motorists are legally required to stop for crossing pedestrians in MN at all marked crossings
and either marked or unmarked crossings at intersections, motorist yield rates actually vary considerably.

Some crossing treatments and yield rates based on research are provided on the next page.
Average pedestrian delay where: d; = average pedestrian delay (s)

- " 1 = crossing event i=1to 71
d, = Zh[’b- U-S]P(Yi]+{Pd-ZP[Yi}]dsd 1. = crossing event (1 0 7)
=1 i=1

fi = average headway for each through lane = N/
F(Y';) = probability that motorists yield to

crossing 1 crossing 2 pedestrian on crossing event 1
h =| | n= h =| | n= 7. = Int(d,y/h), average number of crossing
dp = dp = events before an adequate gap is available

7 = crossing event (7=0to 1-1)
P(Y';) = probability that motorists yield to

1. One-Lane Crossing

P(Y3)= P,M, (1-M,)*" .
* d yl 'y] pedestrian on crossing event
M., = motorist yield rate (decimal) M

P(};}l =|p, - z P(x)

=

2. Two-Lane Crossing

¥

[f'.H‘,.[l =P )M,) + U’nzu;-':}]
[ Py |

P(Y1) = 2P,(1-P, )M, +1P,’M,
i=1
3. Three-Lane Crossing

=1 3py 3 2 z 2
Py M7+ 3P, (1= Py )M, + 3P, (1 — Pp)*M.
P(Y-;] = 1Py ZP“’H” o v My s ( 5IM,%) w( b) yl Summarv
=0 Pa Average 768.7
4. Four-Lane Crossing LOS F
i-1 g 4 3 3 z Zar Z 3
Pyt Mt + 4P 301 = PIML) + 6P (1 = PLPMLE) + 4PL(1 = PLTIM.
P‘Yt]= [Pd_ZP(Yﬂ)]‘[ b My b1 wIMy) b ( ») M) bl b ) )
=0 P“
LOS |Control Delay (sec/ped) Comments
Step 6: Calculate
Avel:a o A 0-5 Usually no conflicting traffic
& . B 5-10 Occasionally some delay due to conflicting traffic
Pedestrian Delay - . - - .
. C 10-20 Delay noticeable to pedestrians, but not inconvienencing
& Determine - — - -
LOS D 20-30 Delay noticeable/irritating, increased chance of risk-taking
E 30-45 Delay approaches tolerance level, risk-taking likely
F >45 Delay exceeds tolerance level, high chance of risk-taking
Calculations Sheet 2 Page 4 of 5
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Review Origins and Destination, Alternate Routes
Origins and Destinations

The crossing is at a location that connects restaurants to a regional recreational park. Crossing
also connects multiple restaurants and bus stops.

Alternative Routes

There may be an alternative route to use the signalized intersection based on where pedestrians
are in the park, but may not be an alternative for some.

Calculate how much time it would take for a pedestrian to walk to the nearest adjacent marked
crossing, cross the roadway, and return to the location where they started.

This total amount of time is compared to the average pedestrian delay (average measured wait
time).

Distance to nearest marked crossing = 505 ft to the northwest (Signalized intersection)

Walking Time to Signalized Intersection:
505 ft

3.5Lt
S

= 144 sec

Wait Time and Crossing Time at Intersection:
Assume average wait time of 30 sec.

65 ft
30 + —— =49 sec

35Lt
S
Walking Time back to Original Location:
505 ft

3.5Lt
S

= 144 sec

Total Time:
144 + 49 + 144 = 337 sec

Average Measured Wait Time (Pedestrian Delay) without a crossing
769 sec with current crossing (from HCM Analysis)

The alternative route time is considerably less than the average wait time at the current crossing.
Pedestrians should be encouraged to use the crossing at the signalized intersection to cross the
roadway. However, there is a direct origin-destination connection between the southeast end of
the Park and the shopping center/restaurants.
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Result: There could be an acceptable alternative route at the signalized intersection, but there is a
direct origin-destination connection at the crossing.

Access Spacing and Functional Classification
The crossing is not located in a signalized corridor or grade-separated facility.

Speed and Pedestrian Use
The speed limit is 30 mph, but the city population is less than 10,000.

There were 3 pedestrians during the peak hour.
Result: Go to Step 10 of the evaluation flowchart.

School Crossing
This is not a school crossing, go to Step 9.

FHWA Safety Guidance
Three lanes, speed limit = 30 mph, ADT = 10,400. Results in C designation. Go to Step 11,
Traffic Calming Treatments.

Traffic Calming Treatment Options

Treatment Options should consider the roadway environment.
a. Urban section (curb)

Two-Lane Undivided with left turn lanes

Speed Limit = 30 mph

Origin-Destination connection

Clear motorist sight lines (SSD is met)

Pedestrian sight lines impacted (PedSD not met)

Crossing is not currently signed and marked

No pedestrian crashes reported in past 10 years

S@ o a0 o

Review the Traffic Calming Treatment options that are available.

Center Median with Refuge Island — possible, remove shoulder, traffic to curb
Raised Crossing — possible, but difficult with the curve

Lighting — already implemented

Pavement Striping — already two-lane section

Curb Bump-Out/Extensions — possible

Channelized Turn Lanes — not recommended

s~ o0 T

Due to the low pedestrian volume collected at the site, the biggest need is to increase the
pedestrian sight distance, but that would require extensive reconstruction and/or property
acquisition. There is an alternative route at the signal that is recommended. Pedestrian walkway
enhancements to get people to use that crossing location is recommended.
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Based on the traffic calming treatment options, the curb bump-outs would likely be the easiest to
implement, would not obstruct the travel lanes, and would reduce the crossing length.
Uncontrolled crossing treatments are not recommended due to the low pedestrian count. No
other changes should be considered at the existing crossing besides advanced warning signs to
alert motorists of the chance of pedestrians crossing.

Curb bump-outs plus lane narrowing and moving the crossing further north could reduce the
crossing length to 38” (2-11’ lanes, 12’ turn lane, 2’ curb reaction).

Repeat Step 4

Determine inputs:

Evaluation Inputs: defaults: Input Table:
L = crosswalk length (ft) L= 38
S, = average pedestrian walking speed (ft/s) Sp= 35 Sp= 3.5
t, = pedestrian start-up and end clearance time (s) ts= 3.0 ts= 3
V = vehicular hourly volume (veh/hr) V= 690
Peak 15-minute volume (veh) 219
V, = pedestrian flow rate (ped/s) V, = o* V, = 0
W, = crosswalk width (ft) W, = 8.0 W, =

N = number of through lanes crossed N=  INT(L/11) N = 2

Weekend Midday Peak Hour
Step 1: Identify Two-Staged Crossings
There is no median at the crosswalk. This is a one-stage crossing
Step 2: Determine Critical Headway

Pedestrian Platooning is NOT observed, so the spatial distribution of pedestrians can assumed to
be 1 (Ny=1, v, = 0) and the critical headway is determined from the equation below:
Single Pedestrian:

L
te = teg = S—+t5
p

38
teg = 35 + 3.0 = 13.9 sec

Step 3: Estimate Probability of a delayed crossing
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_tc,GV
Pb=1—e N

Pi=1—(1-Py"

= 4 = 690 —876veh—024 h
U_PHF_ T =0 veh/s
4 %219
—13.9(0.24)
P,b=1—¢ 2 = 0.81

P,=1-(1-0.81)%=0.96

Step 4: Calculate Average Delay to Wait for Adequate Gap

1 vt
dg = —(e"e6 —vt.c — 1)

v
d

—_ _9

dga = p-
1
dyg = ——(e%2*139 — 0.24(13.9) — 1) = 98 sec
0.24
dga = 096~ 102 sec

There is no reduction in delay due to yielding vehicles
d, = dgq = 102sec = LOS F

Analysis of the crossing with the curb bump-outs could reduce the crossing delay by 667 seconds
or by 85%. The curb bump-outs would also increase the visibility of any pedestrian to oncoming
vehicles.

Result
Still unacceptable Service Level. Could consider do nothing, just add the curb bump-outs, or
consider appropriate high level treatments. Pedestrian count too low for high level treatments.

Recommendation: Consider curb bump-outs or do nothing.
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Uncontrolled Pedestrian Crossing Level of Service
Evaluation Worksheet

LRRB
Crossing Location: Example 2: Two Lane Urban Street Date:
City, State: Any City, Minnesota Scenario: Saturday, noon, Curb Bump-Outs
Reviewer(s): Agency:
Step 1: Identify Is there a median available for a two-stage crossing? [ Yes No
Two-5Stage If yes, does the median refuge meet ADA requirements (4' x 4' landing)? [ Yes No
Crossings If yes, does the median refuge need to meet ADA requirements (4" x 4' landing)? ] Yes No
Critical headway is the time below which a pedestrian will not attempt to begin crossing the street. Pedestrians use
judgement to determine whether the available headway is sufficent for a safe crossing.
For a single pedestrian: where:t. = critical headway for a single pedestrian (s)
t = L t, L = crosswalk length (ft)
Sy S, = average pedestrian walking speed (ft/s)
crossing 1 crossing 2 t, = pedestrian start-up and end clearance time (s)
L= 38 t.= 3 L= t= S,=3.5ft/s
S,=| 3.5 t.=| 13.9] §,= t. = t, =3 sec
If pedestrian platooning is observed, the spatial distribution of pedestrians should be computed:
1. use field observations or estimate platoon size using equation:
_ v o Vsle 4 eV where: N = total number of pedestrians in crossing platoon
T w,tv)e (ped)
Step 2: Uy = pedestrian flow rate (ped/s)
. crossing 1 crossing 2 1 = vehicular flow rate across crossing (veh/s)
EﬁtiraT:_'n:adway Vp = te=| 13.9] vp= t.= L. = single pedestrian critical headway (s)
v=| 0.24 N, = V= N.=
2. compute spatial distribution:
N = 8.0(N.-1) ] where: Ny = spatial distributions of pedestrians (ped)
P Int W, +1 N, = total number of pedestrians in crossing platoon
(ped)
crossing 1 crossing 2 W, = crosswalk width (ft)
N, = N, = 8.0 = default clear width used by a single pedestrian
W, = 8 N, :l W, = N, :[— to avoid interference with other pedestrians (ft)

clear width, if other than Szl:lft.

where: t.g = group critical headway (s)

3. compute group critical headway:

t.g=t. +2(N-1
oo = t+ 2(Ny-1) t. = single pedestrian critical headway (s)

crossing 1 Np = spatial distributions of pedestrians (ped)

crossing 2
N, = N, =

t.=| 139 t= to=

th=

Step 3: Estimate
Probability of a
Delayed
Crossing

Probability that a pedestrian will not incur any crossing delay is equal to the likelihood that a pedestrian will
encounter a gap greater than or equal to the critical headway immediately upon arrival at the intersection.

where: Py = probability of blocked lane

P.=1 _e"e,z:‘-’fu
b P4 = probability of delayed crossing
N = number of lanes crossed
Py=1-(1-P,)" L . )
t.c = group critical headway (s) =t if no platooning
crossing 1 crossing 2 v = vehicular flow rate across crossing(veh/s)
teo=| 13.9 te=
=| 0.24 Py=| 0.81| v= P, =
= 2 Py=| 0.96 = Py=

Calculations Sheet 1 Page 3 of 5
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Uncontrolled Pedestrian Crossing Level of Service
Evaluation Worksheet

Step 4: Calculate
Average Delay
to Wait for
Adequate Gap

Average delay assumes that no motor vehicles yield and the pedestrian is forced to wait for an adequate gap.

dg =;{em"“-'utm -1) where:  d, = average p_eglestrian gap delay (s)
. t.s = group critical headway (s)
crossing 1 crossing 2 v = vehicular flow rate across crossing (veh/s)
t.,c=| 13.86 tc=
v= 024 d,=| 97.2388] v= d, =/
Average delay for a pedestrian who is unable to cross immediately upon reaching the intersection
(e.g., any pedestrian experiencing nonzero delay.)
dye :-dL where:  d,4 = average gap delay for pedestrians who incur
Py nonzero delay
crossing 1 crossing 2 d, = average pedestrian gap delay (s)
ds =| 97.89 ds = P4 = probability of a delayed crossing
Py=| 0.964| dp=[ 101.54] Py= dy =|

Step 5: Estimate
Delay Reduction
due to Yielding
Vehicles

(If yielding is
zero, then skip
step 5)

When a pedestrian arrives at a crossing and finds an inadequate gap, that pedestrian is delayed until one of two
situations occurs: (a) a gap greater than the critical headway is available, or (b) motor vehicles yield and allow the
pedestrian to cross. While motorists are legally required to stop for crossing pedestrians in MN at all marked crossings
and either marked or unmarked crossings at intersections, motorist yield rates actually vary considerably.

Some crossing treatments and yield rates based on research are provided on the next page.
Average pedestrian delay

dy= SR 0.5)P(Y ) + (Pe- 3 PLY i)y
=1 i=1

where: d; = average pedestrian delay (s)
1 = crossing event (1=1to 7.)
fi = average headway for each through lane = N/
F(Y';) = probability that motorists yield to

crossing 1 crossing 2 pedestrian on crossing event 1
h =| | n= h =| | n= 7. = Int(d,y/h), average number of crossing
dp = dp = events before an adequate gap is available

1. One-Lane Crossing 7 = crossing event (7=0to 1-1)

’ P(Y ) = probability that motorists yield to
P(Y;)=P,M, (1-M,)"" ’
Y Y

pedestrian on crossing event 7

L I

- P)M,) + (BM,%)]
[ |

2. Two-Lane Crossing M., = motorist yield rate (decimal)

P(};}l =|p, - z P(x)

=

[(2p1

P(Y1) = 2P,(1-P, )M, +1P,’M, l

i=1
3. Three-Lane Crossing

=1 3py 3 2 z 2
Py M7+ 3P, (1= Py )M, + 3P, (1 — Pp)*M.
P(Y-;] = 1Py ZP“’H” o v My s ( 5IM,%) w( b) yl Summarv
=0 Pa Average 101.5
4. Four-Lane Crossing LOS F
i-1 g 4 3 3 z 2ay T 3
PIMLY 4 aP (1 — POMLT) + 6P (1 — PREMLY) + 4P (1 — PRI
P‘Yt,= [Pd_ZP(Vj])]‘{ b My b ( w)My) s [ 5} My") bl b ) Y,
=0 P"
LOS |Control Delay (sec/ped) Comments
Step 6: Calculate
Avel:a o A 0-5 Usually no conflicting traffic
& . B 5-10 Occasionally some delay due to conflicting traffic
Pedestrian Delay - . - - .
. C 10-20 Delay noticeable to pedestrians, but not inconvienencing
& Determine - — - -
LOS D 20-30 Delay noticeable/irritating, increased chance of risk-taking
E 30-45 Delay approaches tolerance level, risk-taking likely
F >45 Delay exceeds tolerance level, high chance of risk-taking
Calculations Sheet 2 Page 4 of 5
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Example 3: Four-Lane Divided Urban Street Crossing

Site Review
Conduct a field review and take pedestrian/vehicle counts during the peak hours.

Recreational and
—4 Community Center

Senior Living
Facility

Multi-family
Apartments and
Condos

Senior Living

Facility  [oge '

E;i_u_‘.lﬂh: aarth

The crossing location is currently marked and signed. There is a median along the street but the
median does not extend through the crossing location. There are two senior living facilities, a
community/recreational center, and bus stops within walking distance of the crossing.
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Complete Field Review Worksheet.

4

Uncontrolled Pedestrian Crossing

mﬁ Data Collection Worksheet
Location: Example 3: Four-Lane Divided Street Date:
City, State: Any City, Minnesota Scenario:
Reviewer(s): Agency:
Project #: 1D #:
The first step in understanding the pedestrian needs at a potential crossing location is completing
a review of the location and adjacent facilities.
Crossing Length: Measure the crossing distance from curb to curb. Crossing 1 112 |ft
Fill in Crossing 1 distance if there is no median. If there is a median at the Crossing 2 ft.
crossing location, fillin Crossing 1 and 2 distances
Median: width of median at crossing location ft.
Crossing Width: effective crosswalk width 6 ft.
Raised Median Available? Yes [] No
" ADA Compliant Median Available (minimum 4' x 4' landing)? [ Yes [4 No
§ Curb Ramps Available? Yes [ No
E ADA Compliant Curb Ramp Awvailable (width, grades, truncated domes)? ] Yes [] MNo
$ Speed: Posted or 85" percentile speed 35 mph
@ Roadway Curvature and Sight Distances: Average walking speed 4.8 ft/s
Is the crossing location within a horizontal or vertical curve? O ves [0 No
Equations to calculate the following are located on the next page
Direction 1: Stopping Sight Distance [S5D) 246 ft. provided? Yes [ No
Direction 2: Stopping Sight Distance (SSD) ft. provided? [0 Yes [ Mo
Direction 1: Pedestrian Sight Distance (PedSD) 1355  |ft. provided? [ Yes [“] No
Direction 2: Pedestrian Sight Distance (PedSD) ft. provided? [ Yes [] No
Trafficand Measure traffic and pedestrian volume in 15-minute increments on the roadway to be crossed.
Pedestrian Attach Counts vehicles: Daily| 15,000 pedestrians: Daily
. AM Peak Hourly 948 Pk 15-min 262 Hourly 6 Pk 15-min
PM Peak Hourly 841 Pk 15-min 227 Hourly 6 Pk 15-min
Lighting:
Is street lighting present and does it light the crosswalk location? Yes [ No
Crosswalk Pavement Markings: Is the pedestrian crossing currently marked? Yes [ No
What is the condition of the markings? [] Excellent Good [] Fair [] Poor
s Are the markings easily defined? Yes [ No
:‘{E Do they need replacement? ] Yes No
% What is the crosswalk marking pattern? I Continental
E Signing: Currently signed at crosswalk? Yes [ No
i Currently signed in advance of crosswalk? Yes [ No
P Distances? direction 1 527 ft. direction 2 478  |ft.
‘—“: Enhancements: What enhancements are currently at Signs and High Visibility Markings
_E the crossing location?
§ Adjacent Facilities: Distance to nearest marked crosswalk? 905 |ft.
< What pedestrian control devices are present Traffic signal
at the nearest adjacent marked crosswalk?
Distance to nearest all-way stop, roundabout or signalized intersection a05 |ft
Could another location serve the same pedestrian crossing movement? [ Yes No
Could another location serve the the movement more effectively? ] Yes No

Developed by Bolton & Menk, Inc. incoosdination with the Local Road Research Board. Worksheets made without charge and under no circumstances shall be sold by third parties for profit.

Page 1 of 2
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' Uncontrolled Pedestrian Crossing

If]’; ﬁ Data Collection Worksheet

Mark the following: site distances and potential conflicts, pavement markings (crosswalk, edge lines, center lines, lane lines, stop lines, and any other

markings), signing, location of lighting units, curb ramps, truncated domes, presence of any other crosswalks or crossing locations parallel to and

nearby the location being studied, adjacent intersection traffic control, parking, intersection width, lane lengths, shoulder widths, sign placement,
and nearby orgins and destinations .

draw or insert map of location being studied

SSD Met,
PedSD Not Met

Truncated Domes SSD & PedSD met

Notes: Many O-D connections, ped crossings signs present and in good condition.
Curb ramps have recently been updated.

Sight Distance Calculations: where: defaults:
Stopping sight distance [SSD), ft= 1475t + 1.0?551,’3 L = brake reaction time, s 25
Pedestrian sight distance (PedSD), ft = 1.475(L/ 5, + ) a = decelerztion rate, ft/s’ 112
S, = average pedestrian walking speed, ft/s 35

where: 5 = design speed, mph t, = pedestrian start-up and end clearance time, s ER]

L = length of crossing, ft

Page 2 of 2
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Safety Review

There were two pedestrian crashes at the location within the last ten years (2004 & 2009). The
2004 crash resulted in a pedestrian fatality. There have been a total of 14 crashes at this location
over the last ten years. Most having to do with turning vehicles. Many turning movements and
lanes to keep track of in addition to the pedestrians.

SSD, PedSD Calculation

VZ
Where:
dpgrt = driver perception — reaction distance, (ft)
dyr = braking distance (ft)
V = design speed (mph)
t = brake reaction time (s) [DEFAULT = 2.5 sec]
a = deceleration rate (Sf—z) [DEFAULT = 11.2 g

2

35
SSD =147 %3525+ 1.075m = 246.2 ft = 246 ft

Looking at a map of the crossing, there is sufficient stopping sight distance for this crossing.

L
PedSD = 147V (- + ;)

p
Where:

L = length of crossing (ft)
ft

~1
s
ty = pedestrian start — up and clearance time (s) [DEFAULT = 3.0 sec]

ft
Sp = average pedestrian walking speed (§> [DEFAULT = 3.5

112
PedSD = 1.47 * 35 * (48 + 3) — 1,355 ft

Again, looking at a map of the crossing, there is not sufficient pedestrian sight distance. There is
approximately 1,000 to 1,200 ft available to the north, and approximately 1,400 to 1,600 ft
available to the south.
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HCM Analysis
Determine inputs:

V =948 in AM peak hour, 841 in PM peak hour

Evaluation Inputs: defaults: Input Table:
L = crosswalk length (ft) L= 112
S, = average pedestrian walking speed (ft/s) Sp= 35 Sp= 4.8
t, = pedestrian start-up and end clearance time (s) ts= 3.0 ts= 3
V = vehicular hourly volume (veh/hr) V= 948
Peak 15-minute volume (veh) 262
V, = pedestrian flow rate (ped/s) V, = o* V, = 0
W, = crosswalk width (ft) W, = 8.0 W, =

N = number of through lanes crossed N=  INT(L/11) N = 4

AM Peak Hour

Step 1: Identify Two-Staged Crossings

There is a median, but it does not extend to the crossing location. This is a one-stage crossing.

Step 2: Determine Critical Headway

Pedestrian Platooning is NOT observed, so the spatial distribution of pedestrians can assumed to
be 1 (Ny=1, v, = 0) and the critical headway is determined from the equation below:

Single Pedestrian:

112
tcg = —= + 3.0 = 26.3 sec

4.8
Step 3: Estimate Probability of a delayed crossing
_tC,Gv
Pob=1—e N

Pd = 1—(1—Pb)N
N =4 lanes
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= 4 = 018 _1048veh_029 h
U_PHF_ 948 = =0 veh/s
4% 262
—26.3(0.29)
P,b=1—¢ 4 = 0.85

P,=1-(1-0.85)*=1.00

Step 4: Calculate Average Delay to Wait for Adequate Gap

1 vt
dg = ;(e o6 —vt.e — 1)

d

dyg = -2
gd Pd
1
dy = —=(e°2°(263) — 0.29(26.3) — 1) = 7,118 sec
0.29
dyg = 2118 _ 7,121 di
9a= Too = (rounding error)

Delay = 7,118 seconds, LOS F
Step 5: Estimate Delay Reduction due to Yielding Vehicles

My= 20% because the crossing has high visibility markings and signs at speed limit of 35 mph.

d, = z h(i — 0.5)P(Y;) + [Py — zp(m] x dgg

heN_ i3

v 029 7

= Int dga .y t<7’118)—516
=M ) T 138 ) T

120



4-Lane Crossing

P(Y) = [Pa= ) P(Yy)]

[Pb4My4 +4P,% (1 — Py)M,>) + 6P,* (1 — P,)2M,%) + 4P, (1 — Pb3)My]
E3
Py

P(Y;) =0.2679
P(Y,) = 0.1961

Plug these into equation above to determine average pedestrian delay.

516 516

dp = Z 13.8(i — 0.5)P(Yi) + [1 - Z P(Yl-)] *x 7,121 = 44.5 sec
i=1 i=1

44.5sec = LOSE

Delay is unacceptable, go to Step 6 of the evaluation flowchart. There are high visibility
markings that are in good condition at the crossing.
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LRRB

Uncontrolled Pedestrian Crossing Level of Service
Evaluation Worksheet

Crossing Location: Example 3: Four Lane Divided Street Date:
City, State: Any City, Minnesota Scenario: AM Peak Hour
Reviewer(s): Agency:
Step 1: Identify Is there a median available for a two-stage crossing? [7] yes [ No
Two-5Stage If yes, does the median refuge meet ADA requirements (4' x 4' landing)? [ Yes No
Crossings If yes, does the median refuge need to meet ADA requirements (4" x 4' landing)? Yes [] No
Critical headway is the time below which a pedestrian will not attempt to begin crossing the street. Pedestrians use
judgement to determine whether the available headway is sufficent for a safe crossing.
For a single pedestrian: where:t. = critical headway for a single pedestrian (s)
t = L t, L = crosswalk length (ft)
Sy S, = average pedestrian walking speed (ft/s)
crossing 1 crossing 2 t, = pedestrian start-up and end clearance time (s)
L=| 112 t.= 3] L= t= S,=3.5ft/s
S,=| 4.8 t.=| 26.3] §,= t. = t, =3 sec
If pedestrian platooning is observed, the spatial distribution of pedestrians should be computed:
1. use field observations or estimate platoon size using equation:
_ v o Vsle 4 eV where: N = total number of pedestrians in crossing platoon
T w,tv)e (ped)
Step 2: Uy = pedestrian flow rate (ped/s)
. crossing 1 crossing 2 1 = vehicular flow rate across crossing (veh/s)
EﬁtiraT:_'n:adway Vp = te=| 26.3| vp= t. L. = single pedestrian critical headway (s)
v=| 0.29 N, = V= N.=
2. compute spatial distribution:
N = 8.0(N.-1) ] where: Ny = spatial distributions of pedestrians (ped)
P Int W, +1 N, = total number of pedestrians in crossing platoon
(ped)
crossing 1 crossing 2 W, = crosswalk width (ft)
N, = N, = 8.0 = default clear width used by a single pedestrian
W, = 6 N, :l W, = N, :[— to avoid interference with other pedestrians (ft)

clear width, if other than Szl:lft.

where: t.g = group critical headway (s)

3. compute group critical headway:

tog= t.+2(N,-1)

t. = single pedestrian critical headway (s)

crossing 1 Np = spatial distributions of pedestrians (ped)

crossing 2
N, = N, =

t.=| 263 t= to=

th=

Probability that a pedestrian will not incur any crossing delay is equal to the likelihood that a pedestrian will
encounter a gap greater than or equal to the critical headway immediately upon arrival at the intersection.

where: Py = probability of blocked lane

. Py= 1N . .
Step 3: Estimate P4 = probability of delayed crossing
Probability of a P.=1-(1-P )" N = number of lanes crossed
Delayed d (1-Py) t.c = group critical headway (s) =t if no platooning
Crossing crossing 1 crossing 2 v = vehicular flow rate across crossing(veh/s)
tec=| 26.3 te=
=| 0.29 P,=| 0.85] v= P, =
= 4 Py= 1 = Py =

Calculations Sheet 1 Page 3 of 5
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Uncontrolled Pedestrian Crossing Level of Service
Evaluation Worksheet

dg =;{em"“-'ut:5 -1) where:  d, = average p_eglestrian gap delay (s)
y t.s = group critical headway (s)
crossing 1 crossing 2 v = vehicular flow rate across crossing (veh/s)
Step 4: Calculate| t.g=| 26.33 tc=
Average Delay v 0.29 ds=| 7117.9] v= dI‘:[
to Wait for Average delay for a pedestrian who is unable to cross immediately upon reaching the intersection
Adequate Gap (e.g., any pedestrian experiencing nonzero delay.)
dye :-dL where:  d,4 = average gap delay for pedestrians who incur
Py nonzero delay
crossing 1 crossing 2 d, = average pedestrian gap delay (s)
ds =| 7118 ds = P4 = probability of a delayed crossing
P, = 1 dy=[ 71213] py= dya =

Average delay assumes that no motor vehicles yield and the pedestrian is forced to wait for an adequate gap.

Step 5: Estimate
Delay Reduction
due to Yielding
Vehicles

(If yielding is
zero, then skip
step 5)

When a pedestrian arrives at a crossing and finds an inadequate gap, that pedestrian is delayed until one of two
situations occurs: (a) a gap greater than the critical headway is available, or (b) motor vehicles yield and allow the
pedestrian to cross. While motorists are legally required to stop for crossing pedestrians in MN at all marked crossings
and either marked or unmarked crossings at intersections, motorist yield rates actually vary considerably.

Some crossing treatments and yield rates based on research are provided on the next page.
Average pedestrian delay

dy= SR 0.5)P(Y ) + (Pe- 3 PLY i)y
=1 i=1

where: d; = average pedestrian delay (s)
1 = crossing event (1=1to 7.)
fi = average headway for each through lane = N/
F(Y';) = probability that motorists yield to

crossing 1 crossing 2 pedestrian on crossing event 1
h=| 138 n= 516| h =| ##H T =| FHEHE | = Int{d4/h), average number of crossing
'
dp = 44.5 dp =| HHHHHE |events before an adequate gap is available, >0

1. One-Lane Crossing 7 = crossing event (7=0to 1-1)

’ P(Y ) = probability that motorists yield to
P(Y;)=P,M, (1-M,)"" ’
Y Y

pedestrian on crossing event 7
M., = motorist yield rate (decimal) My, = 20%

yel, < —PM) + (BM)
P(};}l— Pr_.—ZP(';;) o : }

=

2. Two-Lane Crossing

[(2p1

P(Y1) = 2P,(1-P, )M, +1P,’M, l

i=1
3. Three-Lane Crossing

=1 3py 3 2 z 2
Py M7+ 3P, (1= Py )M, + 3P, (1 — Pp)*M.
P(Y-;] = 1Py ZP“’H” o v My s ( b; y ) w( b) yl Summarv .
= d Average 44.5
4. Four-Lane Crossing LOS
i-1 g 4 3 3 z Zar Z 3
Pyt Mt + 4P 301 = PIML) + 6P (1 = PLPMLE) + 4PL(1 = PLTIM.
P‘Yt]= [Pd_zpf"ﬁ])]‘[ b My b1 wIMy) b ( ») M) bl b ) Y,
=0 P“
LOS |Control Delay (sec/ped) Comments
Step 6: Calculate
Avel:a o A 0-5 Usually no conflicting traffic
& . B 5-10 Occasionally some delay due to conflicting traffic
Pedestrian Delay - . - - .
. C 10-20 Delay noticeable to pedestrians, but not inconvienencing
& Determine - — - -
LOS D 20-30 Delay noticeable/irritating, increased chance of risk-taking
E 30-45 Delay approaches tolerance level, risk-taking likely
F >45 Delay exceeds tolerance level, high chance of risk-taking
Calculations Sheet 2 Page 4 of 5
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How does this compare to a gap study?

Gap Study (If Available)

AM Gap Study

M Both Directions  ® Southbound Only Northbound Only

800
700
600
500
400
300
200

100|.
0 L

0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 41-45 46-50 51-55 56-60 More
GAP (SEC)

OCCURENCES

PM Gap Study

M Both Directions  ® Southbound Only Northbound Only

700
600
500
400
300
200

100 I .
0 .I mill p— — —

0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 41-45 46-50 51-55 56-60 More
GAP (SEC)

OCCURENCES

A gap study can show how much time exists between successive vehicles. This can be used to
determine if there are available gaps to cross. As can be seen by these graphs, most of the gaps
are very small (0-10 sec) for both directions, meaning these are the gaps available to cross both
directions of traffic.

112
Needed Gap = Crossing Time + Start/End Time = 28 + 3.0 = 26.3 sec
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Check of the data provided in the gap study graph indicates that there are 4 gaps available during
the AM peak hour and 5 gaps available during the PM peak hour that meet the needed crossing
time of 26.3 seconds. This indicates that there is approximately one acceptable gap every 15
minutes.

Additionally, the median may provide a stopping point for some pedestrians.

e AM Peak, Southbound, 143 gaps available for a needed gap of 8.2 seconds
AM Peak, Northbound, 97 gaps available for a needed gap of 13.8 seconds
PM Peak, Southbound, 127 gaps available for a needed gap of 8.2 seconds
PM Peak, Northbound, 88 gaps available for a needed gap of 13.8 seconds

Consequently, one adequate gap every 1.5 minutes in the AM and PM.

Review Origins and Destinations, Alternate Routes
Origins and Destinations

The crossing is at a location connecting high density residential, retirement communities, bus
stops and a community/recreational center. This is a direct connection and most pedestrians will
not choose a different crossing location.

Alternative Route Analysis

Calculate how much time it would take for a pedestrian to walk to the nearest adjacent marked
crossing, cross the roadway, and return to the location where they started.

This total amount of time will be compared to the average pedestrian delay (average measured
wait time).

Distance to nearest marked crossing = 905 ft to the south (Signalized intersection)

Walking Time to Signalized Intersection:

905 ft
f = 189 sec

4.8 It
S
Wait Time and Crossing Time at Intersection:

Assume average wait time of 30 sec.
125 ft

30 + = 56 sec

4.8E
s

Walking Time to Original Location:
905 ft

= 189 sec
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Total Time:
189 + 56 + 189 = 434 sec

Average wait time from HCM analysis is 45 seconds. Crossing time faster at the crossing.
Result: There could be acceptable alternative routes, but most pedestrians will not use them.

Pedestrian Crossing in a Coordinated Signalized Corridor?
The crossing is along a signalized corridor, but is adequately spaced from the adjacent signalized
intersections. Go to Step 8 of the evaluation flowchart.

Speed and Pedestrian Use

The speed limit is 35 mph, the population is over 10,000, but the crossing location is at a major
transit stop. This transit stop is in a densely populated area and therefore can be considered a
major stop.

There were 6 pedestrians during the AM peak hour and 6 pedestrians during the PM peak hour.

Result: Skip to Step 10 of the evaluation flowchart. Consider traffic calming treatments with
or without uncontrolled crossing treatments.

School Crossing
This is not a school crossing, go to Step 9.

FHWA Safety Guidance
Multi-lane with raised median, speed limit = 35 mph, ADT = 15,000. Results in P designation.
Go to Step 11, Traffic Calming Treatments.

Traffic Calming Treatment Options
Treatment Options should consider the roadway environment.
a. Urban section (curb)
Four-Lane divided
Speed Limit = 35 mph
Crossing location connects residential areas to bus stop/community center
Clear motorist sight lines (SSD is met)
Pedestrian sight lines impacted (PedSD not met)
Crossing is currently signed and marked
Two pedestrian crashes reported in past 10 years (One fatal).

S@ o a0 o

Review the Traffic Calming Treatment options that are available.
a. Center Median with Refuge Island — possible, extend median through crossing
b. Raised Crossing — not recommended due to traffic volume
c. Lighting — already lit
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d. Pavement Striping — possible but difficult to implement without extensive work
e. Curb Bump-Out/Extensions — possible, but does not fit roadway
f. Channelized Turn Lanes — not recommended

Based on the existing options, the center median with the refuge island is the most reasonable for
this situation because there is already a median installed that doesn’t extend to the crosswalk.

Repeat Step 4 of the evaluation flowchart.

HCM Analysis
Determine inputs:

V =948 in AM peak hour, 841 in PM peak hour

Evaluation Inputs: defaults: Input Table:
L = crosswalk length (ft) — east side L= 52
L = crosswalk length (ft) — west side L= 25
S, = average pedestrian walking speed (ft/s) Sp = 35 Sp = 4.8
t, = pedestrian start-up and end clearance time (s) t, = 3.0 t, = 3
V = vehicular hourly volume (veh/hr) — east side V= 524
V = vehicular hourly volume (veh/hr) — west side V= 424
Peak 15-minute volume (veh) — east side 150
Peak 15-minute volume (veh) — west side 112
V, = pedestrian flow rate (ped/s) V, = o* V, = 0
W, = crosswalk width (ft) W, = 8.0 W, = 6
N = number of lanes crossed — east side N=  INT(L/11) = 2
N = number of lanes crossed — west side N=  INT(L/11) = 2

AM Peak Hour
Step 1: Identify Two-Staged Crossings
This is now a two-stage crossing.
Step 2: Determine Critical Headway

Pedestrian Platooning is NOT observed, so the spatial distribution of pedestrians can assumed to
be 1 (N,=1, v, = 0) and the critical headway is determined from the equation below:
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Single Pedestrian:

L
e =teg = S_+ts
p

52
teg = 138 + 3.0 = 13.8 sec

25
teg = 18 + 3.0 = 8.2 sec

Step 3: Estimate Probability of a delayed crossing

_tC,Gv
Pb =1—e N

Pd:].—(l—Pb)N

N = 2 lanes
_ |74 _ 524 _600veh_017 L
V= PHF - 524 e~ 017 veh/s
4 x 150
_ % _ 424 _448veh_012 L
v_PHF_ oA = =0 veh/s
4 %112
-13.8(0.17) -8.2(0.12)
P,=1—¢ 2 = 0.69 P,b=1—¢ 2 =0.39

P,=1-(1-0692=090 P, =1-(1-0.39)2=0.63

Step 4: Calculate Average Delay to Wait for Adequate Gap

1 vt
dg = ;(e o6 —vt.e — 1)

d
dyg = —
gd Pd
1
dy = ——= (%1738 — 0.17(13.8) — 1) = 42 sec
0.17
1
— 0.12(8.2) _ _ —
dg = 575 (e 0.12(8.2) — 1) = 6 sec
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42 6
dga = o= =46sec  dgq = 063

0.90 = Osec

Delay = 55 seconds, LOS F

There is delay reduction. My= 17% because the crossing has high visibility markings and signs at
35 mph, but is now a staged crossing. As there is already a median along the roadway, it is
anticipated that extension of the median would have little to no effect on motorist yielding.

= ) k(i = 05)P(¥y) + [Pa— ) P(H] * dyg

2
= ——=11.8 h =

2
0.17 B

= ——=16.7
0.1

N
h=—
v

N
v

N

—Itdgd —1t<46)—3 —Itdgd —It<9)—0bt the>0,=1
n=iIn h =In 118_ n=In h =In 16'7—,umus e , =

2-Lane Crossing — east side

2
=0 d

2P, (1—P,)M P,*M,*
o= [ru- Shoes >][< o= P) + ()
P(Y,) = 0.0864
P(Y,) = 0.0781
P(Ys) = 0.0707

2-Lane Crossing — west side

i-1 ; i
P(Y;)) = |Pg — ZP(Y]) (ZPb(l —Pb)]\I/iZ) + (Pb M, )

j=0

P(Y,) = 0.0852

Plug these into equation above to determine average pedestrian delay.

3 3
= Z 11.8(i — 0.5)P(Y;)) + [0.90 — Z P(Y;)] * 46 = 35.1 sec
i=1 i=1
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1 1
d, = Z 16.7(i — 0.5)P(Y;y) + [0.63 — z P(Y))] *9 = 5.7 sec
i=1 i=1

40.8sec = LOS E

PM Peak Hour
Same process as AM Peak Hour:

Delay = 23.3sec = LOS D

Analysis of the crossing with a median indicates that the pedestrians crossing would experience
LOS E during the AM and LOS D during the PM Peak Hour with a median. Pedestrian traffic is
essentially equal in the AM and PM.

Result: Unacceptable Service Level in the AM peak hour, but acceptable in the PM peak hour
with a median extended through the crossing location. No other changes are recommended.
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Uncontrolled Pedestrian Crossing Level of Service
Evaluation Worksheet

LRRB
Crossing Location: Example 3: Four Lane Divided Street Date:
City, State: Any City, Minnesota Scenario: AM Peak Hour, Median
Reviewer(s): Agency:
Step 1: Identify Is there a median available for a two-stage crossing? [7] yes [ No
Two-5Stage If yes, does the median refuge meet ADA requirements (4' x 4' landing)? [ Yes No
Crossings If yes, does the median refuge need to meet ADA requirements (4" x 4' landing)? Yes [] No
Critical headway is the time below which a pedestrian will not attempt to begin crossing the street. Pedestrians use
judgement to determine whether the available headway is sufficent for a safe crossing.
For a single pedestrian: where:t. = critical headway for a single pedestrian (s)
t = L t, L = crosswalk length (ft)
Sy S, = average pedestrian walking speed (ft/s)
crossing 1 crossing 2 t, = pedestrian start-up and end clearance time (s)
L= 52 t.= 3 L= 25 t= 3 S,=3.5ft/s
S,=| 4.8 t.=| 13.8] §,=| 48 t.=| 8.21 t,=3sec
If pedestrian platooning is observed, the spatial distribution of pedestrians should be computed:
1. use field observations or estimate platoon size using equation:
_ v o Vsle 4 eV where: N = total number of pedestrians in crossing platoon
T w,tv)e (ped)
Step 2: Uy = pedestrian flow rate (ped/s)
. crossing 1 crossing 2 1 = vehicular flow rate across crossing (veh/s)
EﬁtiraT:_'n:adway Vp = te=| 13.8| vp= t. 8.21] t. = single pedestrian critical headway (s)
v=| 017 N, = v=| 012 N.=
2. compute spatial distribution:
B 8.0(N.-1) where: Ny = spatial distributions of pedestrians (ped)
? 7 Int W, ] +1 N, = total number of pedestrians in crossing platoon
(ped)
crossing 1 crossing 2 W, = crosswalk width (ft)
N, = N, = 8.0 = default clear width used by a single pedestrian
W, = 6 N, :l W, = 6 N, :[— to avoid interference with other pedestrians (ft)

clear width, if other than Szl:lft.

t.s = group critical headway (s}

3. compute group critical headway:

where:
t.g=t. +2(N-1
oo = t+ 2(Ny-1) t. = single pedestrian critical headway (s)

crossing 1 Np = spatial distributions of pedestrians (ped)

crossing 2
N, = N, =

t,=| 13.8 t.=| 821 t,=

th=

Probability that a pedestrian will not incur any crossing delay is equal to the likelihood that a pedestrian will
encounter a gap greater than or equal to the critical headway immediately upon arrival at the intersection.
where: Py = probability of blocked lane

P,=1 _e"e,z:‘-’fu
Step 3: Estimate P4 = probability of delayed crossing
Probability of a Pe=1-(1-P, }N N = number of lanes crossed
Delayed d b t.c = group critical headway (s) =t if no platooning
Crossing crossing 1 crossing 2 v = vehicular flow rate across crossing(veh/s)
teo=| 13.8 te=| 821
v=| 017 P,=| 0.69] v=| 0.12] P,=| 0.39
= 2 Py=| 09| N= 2| py=| 063

Calculations Sheet 1 Page 3 of 5

Developed by Bolton Menk, Inc.

for the Local Road Research Board

HCM Evaluation Waorksheet
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4

LRRB

Uncontrolled Pedestrian Crossing Level of Service
Evaluation Worksheet

dg =;{em"“-'utm -1) where:  d, = average p_eglestrian gap delay (s)
. t.s = group critical headway (s)
crossing 1 crossing 2 v = vehicular flow rate across crossing (veh/s)
Step 4: Calculate| t. g=| 13.83 t,c=| 8.208
Average Delay v=| 017| d,=| 42.067] v=| 012| d,=| 57734
to Wait for Average delay for a pedestrian who is unable to cross immediately upon reaching the intersection
Adequate Gap (e.g., any pedestrian experiencing nonzero delay.)
dye :-dL where:  d,4 = average gap delay for pedestrians who incur
Py nonzero delay
crossing 1 crossing 2 d, = average pedestrian gap delay (s)
d,=| 42.07 d;=| 5.773 P4 = probability of a delayed crossing
Pg=| 0.905| dp=[ 46.494] Py=| 0.627| dyy=[ 9.2145

Average delay assumes that no motor vehicles yield and the pedestrian is forced to wait for an adequate gap.

Step 5: Estimate
Delay Reduction
due to Yielding
Vehicles

(If yielding is
zero, then skip
step 5)

When a pedestrian arrives at a crossing and finds an inadequate gap, that pedestrian is delayed until one of two
situations occurs: (a) a gap greater than the critical headway is available, or (b) motor vehicles yield and allow the
pedestrian to cross. While motorists are legally required to stop for crossing pedestrians in MN at all marked crossings
and either marked or unmarked crossings at intersections, motorist yield rates actually vary considerably.

Some crossing treatments and yield rates based on research are provided on the next page.
Average pedestrian delay

dy= SR 0.5)P(Y ) + (Pe- 3 PLY i)y
=1 i=1

where: d; = average pedestrian delay (s)
1 = crossing event (1=1to 7.)
fi = average headway for each through lane = N/
F(Y';) = probability that motorists yield to

crossing 1 crossing 2 pedestrian on crossing event 1
= . n= 3 = 5.6 n= 1|r = Int , average number of crossing
h 11.8 h 16.67 Int{d,,/h ber of i
dp = 35.1 dp = 5.7 |events before an adequate gap is available, >0

1. One-Lane Crossing 7 = crossing event (7=0to 1-1)

’ P(Y ) = probability that motorists yield to
P(Y;)=P,M, (1-M,)"" ’
Y Y

pedestrian on crossing event 7
M., = motorist yield rate (decimal) My, = 17%

i=1 2 &
Y= |p [(2Po(1 - )M, ) + (P *MP)
P(w}, [Pr' JZ"P(Y') [ Py ]

2. Two-Lane Crossing

P(Y1) = 2P,(1-P, )M, +1P,’M,
=1

3. Three-Lane Crossing

=1 3py 3 2 z 2
Py M7+ 3P, (1= Py )M, + 3P, (1 — Pp)*M.
P(Y-;] = 1Py ZP“’H” o v My s ( b; y ) w( b) yl Summarv
= d Average 40.8
4. Four-Lane Crossing LOS E
i-1 g 4 3 3 z 2ay T 3
PIMLY 4 aP (1 — POMLT) + 6P (1 — PREMLY) + 4P (1 — PRI
P‘Yt,= [Pd_ZP(Vj])]‘{ b My b ( w)My) s [ 5} My") bl b ) Y,
=0 P“
LOS |Control Delay (sec/ped) Comments
Step 6: Calculate
Avel:a o A 0-5 Usually no conflicting traffic
& . B 5-10 Occasionally some delay due to conflicting traffic
Pedestrian Delay - . - - .
. C 10-20 Delay noticeable to pedestrians, but not inconvienencing
& Determine - — - -
LOS D 20-30 Delay noticeable/irritating, increased chance of risk-taking
E 30-45 Delay approaches tolerance level, risk-taking likely
F >45 Delay exceeds tolerance level, high chance of risk-taking
Calculations Sheet 2 Page 4 of 5

Developed by Bolton Menk, Inc.

for the Local Road Resea

rch Board

HCM Evaluation Waorksheet
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Uncontrolled Pedestrian Crossing Level of Service
Evaluation Worksheet

LRRB
Crossing Location: Example 3: Four Lane Divided Street Date:
City, State: Any City, Minnesota Scenario: PM Peak Hour, Median
Reviewer(s): Agency:
Step 1: Identify Is there a median available for a two-stage crossing? [7] yes [ No
Two-5Stage If yes, does the median refuge meet ADA requirements (4' x 4' landing)? [ Yes No
Crossings If yes, does the median refuge need to meet ADA requirements (4" x 4' landing)? Yes [] No
Critical headway is the time below which a pedestrian will not attempt to begin crossing the street. Pedestrians use
judgement to determine whether the available headway is sufficent for a safe crossing.
For a single pedestrian: where:t. = critical headway for a single pedestrian (s)
t = L t, L = crosswalk length (ft)
Sy S, = average pedestrian walking speed (ft/s)
crossing 1 crossing 2 t, = pedestrian start-up and end clearance time (s)
L= 52 t.= 3 L= 25 t= 3 S,=3.5ft/s
S,=| 4.8 t.=| 13.8] §,=| 48 t.=| 8.21 t,=3sec
If pedestrian platooning is observed, the spatial distribution of pedestrians should be computed:
1. use field observations or estimate platoon size using equation:
_ v o Vsle 4 eV where: N = total number of pedestrians in crossing platoon
T w,tv)e (ped)
Step 2: Uy = pedestrian flow rate (ped/s)
. crossing 1 crossing 2 1 = vehicular flow rate across crossing (veh/s)
EﬁtiraT:_'n:adway Vp = te=| 13.8| vp= t.=| 8.21| . = single pedestrian critical headway (s)
v=| 01 N, = v=| 0.16 N.=
2. compute spatial distribution:
N = 8.0(N.-1) ] where: Ny = spatial distributions of pedestrians (ped)
P Int W, +1 N, = total number of pedestrians in crossing platoon
(ped)
crossing 1 crossing 2 W, = crosswalk width (ft)
N, = N, = 8.0 = default clear width used by a single pedestrian
W, = 6 N, :l W, = 6 N, :[— to avoid interference with other pedestrians (ft)

clear width, if other than Szl:lft.

where: t.g = group critical headway (s)

3. compute group critical headway:

t.g=t. +2(N-1
oo = t+ 2(Ny-1) t. = single pedestrian critical headway (s)

crossing 1 Np = spatial distributions of pedestrians (ped)

crossing 2
N, = N, =

t,=| 13.8 t.=| 821 t,=

th=

Step 3: Estimate
Probability of a
Delayed
Crossing

Probability that a pedestrian will not incur any crossing delay is equal to the likelihood that a pedestrian will
encounter a gap greater than or equal to the critical headway immediately upon arrival at the intersection.

where: Py = probability of blocked lane

P.=1 _e"e,z:‘-’fu
b P4 = probability of delayed crossing
N = number of lanes crossed
Py=1-(1-P,)" L . )
t.c = group critical headway (s) =t if no platooning
crossing 1 crossing 2 v = vehicular flow rate across crossing(veh/s)
teo=| 13.8 te=| 821
v=| 01 P,=| 05| v=| 0.16 P,=| 0.48
= 2 Py=| 0.75] N= 2 Py=| 0.73

Calculations Sheet 1 Page 3 of 5

Developed by Bolton Menk, Inc.

for the Local Road Research Board

HCM Evaluation Waorksheet
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LRRB

Uncontrolled Pedestrian Crossing Level of Service
Evaluation Worksheet

dg =;{em"“-'utm -1) where:  d, = average p_eglestrian gap delay (s)
. t.s = group critical headway (s)
crossing 1 crossing 2 v = vehicular flow rate across crossing (veh/s)
Step 4: Calculate| t. g=| 13.83 t,c=| 8.208
Average Delay U 01| d.=| 16.048| v=| 016 d.=| 87826
to Wait for Average delay for a pedestrian who is unable to cross immediately upon reaching the intersection
Adequate Gap (e.g., any pedestrian experiencing nonzero delay.)
dye :-dL where:  d,4 = average gap delay for pedestrians who incur
Py nonzero delay
crossing 1 crossing 2 d, = average pedestrian gap delay (s)
d.=| 16.05 d;=| 8.783 P4 = probability of a delayed crossing
P=| 0.749] dp=[ 21.419] Py=| 0.731] dy=[ 12.013

Average delay assumes that no motor vehicles yield and the pedestrian is forced to wait for an adequate gap.

Step 5: Estimate
Delay Reduction
due to Yielding
Vehicles

(If yielding is
zero, then skip
step 5)

When a pedestrian arrives at a crossing and finds an inadequate gap, that pedestrian is delayed until one of two
situations occurs: (a) a gap greater than the critical headway is available, or (b) motor vehicles yield and allow the
pedestrian to cross. While motorists are legally required to stop for crossing pedestrians in MN at all marked crossings
and either marked or unmarked crossings at intersections, motorist yield rates actually vary considerably.

Some crossing treatments and yield rates based on research are provided on the next page.
Average pedestrian delay

dy= SR 0.5)P(Y ) + (Pe- 3 PLY i)y
=1 i=1

where: d; = average pedestrian delay (s)
1 = crossing event (1=1to 7.)
fi = average headway for each through lane = N/
F(Y';) = probability that motorists yield to

crossing 1 crossing 2 pedestrian on crossing event 1
h =| ?:’]_ﬂl n= 1l h =| 1 ?.r}| n= 1|7 = Int(d,y/h), average number of crossing
dp = 15.0 dp = &.2|events before an adequate gap is available, >0

1. One-Lane Crossing 7 = crossing event (7=0to 1-1)

’ P(Y ) = probability that motorists yield to
P(Y;)=P,M, (1-M,)"" ’
Y Y

pedestrian on crossing event 7
M., = motorist yield rate (decimal) My, = 17%

yel, < —PM) + (BM)
P(};}l— Pr_.—ZP(';;) o : }

=

2. Two-Lane Crossing

[(2p1

P(Y1) = 2P,(1-P, )M, +1P,’M, l

i=1
3. Three-Lane Crossing

=1 3py 3 2 z 2
Py M7+ 3P, (1= Py )M, + 3P, (1 — Pp)*M.
P(Y-;] = 1Py ZP“’H” o v My s ( b; y ) w( b) yl Summarv _
=0 d Average 23.3
4. Four-Lane Crossing LOS D
i-1 g 4 3 3 z 2ay T 3
PIMLY 4 aP (1 — POMLT) + 6P (1 — PREMLY) + 4P (1 — PRI
P‘Yt,= [Pd_ZP(Vj])]‘{ b My b ( w)My) s [ 5} My") bl b ) Y,
=0 P"
LOS |Control Delay (sec/ped) Comments
Step 6: Calculate
Avel:a o A 0-5 Usually no conflicting traffic
& . B 5-10 Occasionally some delay due to conflicting traffic
Pedestrian Delay - . - - .
. C 10-20 Delay noticeable to pedestrians, but not inconvienencing
& Determine - — - -
LOS D 20-30 Delay noticeable/irritating, increased chance of risk-taking
E 30-45 Delay approaches tolerance level, risk-taking likely
F >45 Delay exceeds tolerance level, high chance of risk-taking
Calculations Sheet 2 Page 4 of 5

Developed by Bolton Menk, Inc.
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Example 4: Four-Lane Undivided Urban Street Crossing

Site Review
Conduct a field review and take pedestrian/vehicle counts during the peak hours.

Apartments
and Retail

Apartments Bus Stop

The crossing location is located along a signalized street. The crossing location is unmarked.
Roadway is two lanes in each direction, parking along the street.
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Complete Field Review Worksheet.

4

Uncontrolled Pedestrian Crossing

mﬁ Data Collection Worksheet
Location: Example 4: Four Lane Undivided Urban Street  Date:
City, State: Scenario:
Reviewer(s): Agency:
Project #: 1D #:
The first step in understanding the pedestrian needs at a potential crossing location is completing
a review of the location and adjacent facilities.
Crossing Length: Measure the crossing distance from curb to curb. Crossing 1 60 ft.
Fill in Crossing 1 distance if there is no median. If there is a median at the Crossing 2 ft.
crossing location, fillin Crossing 1 and 2 distances
Median: width of median at crossing location ft.
Crossing Width: effective crosswalk width 8 ft.
Raised Median Available? ] Yes No
" ADA Compliant Median Available (minimum 4' x 4' landing)? [ Yes [4 No
§ Curb Ramps Available? [ Yes No
E ADA Compliant Curb Ramp Awvailable (width, grades, truncated domes)? [ Yes No
$ Speed: Posted or 85" percentile speed 30 mph
@ Roadway Curvature and Sight Distances: Average walking speed 5.7 ft/s
Is the crossing location within a horizontal or vertical curve? Yes [ No
Equations to calculate the following are located on the next page
Direction 1: Stopping Sight Distance [S5D) 197 ft. provided? Yes [ No
Direction 2: Stopping Sight Distance (SSD) ft. provided? [0 Yes [ Mo
Direction 1: Pedestrian Sight Distance (PedSD) 597 ft. provided? [ Yes [“] No
Direction 2: Pedestrian Sight Distance (PedSD) ft. provided? [ Yes [ No
Trafficand Measure traffic and pedestrian volume in 15-minute increments on the roadway to be crossed.
Pedestrian Attach Counts vehicles: Daily| 13,700 pedestrians: Daily
. AM Peak Hourly 1,183 Pk 15-min 329 Hourly 34 Pk 15-min 11
PM Peak Hourly 1,111 Pk 15-min 294 Hourly 43 Pk 15-min 14
Lighting:
Is street lighting present and does it light the crosswalk location? Yes [ No
Crosswalk Pavement Markings: Is the pedestrian crossing currently marked? [ Yes No
What is the condition of the markings? [] Excellent [] Good [] Fair [ Poor
s Are the markings easily defined? [J Yes [J No
:‘{E Do they need replacement? [ Yes [] No
% What is the crosswalk marking pattern? I
g Signing: Currently signed at crosswalk? [ Yes No
i Currently signed in advance of crosswalk? ] Yes No
P Distances? direction 1 ft. direction 2 ft.
‘—“: Enhancements: What enhancements are currently at
_E the crossing location?
§ Adjacent Facilities: Distance to nearest marked crosswalk? 220 |t
< What pedestrian control devices are present Traffic Signal
at the nearest adjacent marked crosswalk?
Distance to nearest all-way stop, roundabout or signalized intersection 220 |ft
Could another location serve the same pedestrian crossing movement? Yes [ No
Could another location serve the the movement more effectively? Yes [ No

Developed by Bolton & Menk, Inc. incoosdination with the Local Road Research Board. Worksheets made without charge and under no circumstances shall be sold by third parties for profit.

Page 1 of 2
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' Uncontrolled Pedestrian Crossing

](“/ ﬁ Data Collection Worksheet

Mark the following: site distances and potential conflicts, pavement markings (crosswalk, edge lines, center lines, lane lines, stop lines, and any other

markings), signing, location of lighting units, curb ramps, truncated domes, presence of any other crosswalks or crossing locations parallel to and

nearby the location being studied, adjacent intersection traffic control, parking, intersection width, lane lengths, shoulder widths, sign placement,
and nearby orgins and destinations .

Sl b

No Curb Ramps

Notes: Parking on both sides of street. Signals one block in either direction.
Direct connections across at crossing location.
On a grade. Street is lower to west, higher to east.

Sight Distance Calculations: where: defaults:
Stapping sight distance (550), ft= 1.475t + 1.0755%/a t = brake reaction time, s 25
Pedestrian sight distance (PedSD), ft= 1.475(L/ 5, + t,) a = decelerztion rate, ft/s’ 11.2
S, = average pedestrian walking speed, ft/s 35

where: 5 = design speed, mph t, = pedestrian start-up and end clearance time, s EN]

L = length of crossing, ft

Page 2 of 2
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Safety Review
No pedestrian crashes at the location within last ten years. There have been three rear-end

crashes at the location within the last ten years. Rear end crashes could be due to pedestrian
yielding or the adjacent traffic signals. No conclusions are recognized from the crash data.

SSD, PedSD Calculation

VZ
Where:
dpgrt = driver perception — reaction distance, (ft)
dyr = braking distance (ft)
V = design speed (mph)
t = brake reaction time (s) [DEFAULT = 2.5 sec]
a = deceleration rate (Sf—z) [DEFAULT = 11.2 g

2

SSD = 1.47 » 30 * 2.5 + 1.075 112

=196.6 ft = 197 ft
Looking at a map of the crossing, there is sufficient stopping sight distance for this crossing.

L
PedSD = 1.47V(— + t,)
Sp
Where:

L = length of crossing (ft)
ft

—~1
s
tg = pedestrian start — up and clearance time (s) [DEFAULT = 3.0 sec]

ft
Sp = average pedestrian walking speed (§> [DEFAULT = 3.5

60
PedSD = 1.47 % 30 * (ﬁ + 3.0) = 597 ft

Again, looking at a map of the crossing, there is not a sufficient pedestrian sight distance for one
direction. There is approximately 400 to 500 ft available to the east, and approximately 1,000 ft
available to the west.

HCM Analysis
Determine inputs:

V =1,183 in AM peak hour and 1,111 in PM peak hour
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Evaluation Inputs: defaults: Input Table:
L = crosswalk length (ft) L= 60
S, = average pedestrian walking speed (ft/s) Sp= 35 Sp= 5.7
t, = pedestrian start-up and end clearance time (s) t, = 3.0 t, = 3

V = vehicular hourly volume (veh/hr) V= 1,183
Peak 15-minute volume (veh) 329
V, = pedestrian flow rate (ped/s) V, = o* V, = 0
W, = crosswalk width (ft) W, = 8.0 e

N = number of through lanes crossed N=  INT(L/11) N =

AM Peak Hour
Step 1: Identify Two-Staged Crossings
There is no median. There are no curb ramps.
Step 2: Determine Critical Headway

For a single pedestrian:

0
= §+3—13.55ec

tc

Pedestrian Platooning is observed, so the spatial distribution of pedestrians should be computed:

1. Use field observations or estimate platoon size using equation:

vyertc + ve Ve

(v +v)elrE

c

- 54 —44ped—001 d
U = pyr = 34~ AT = 001ped/s
4 %11
14 1183
v = E_ = = 1316 veh/hr:0.37 veh/s

4%329

(0.01)e©-012)(13:5) 4 (0 37)e~(037)(13.5)

c (001 + 0.37)6(0'01_0'37)(13'5)
2. Compute Spatial Distribution:
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8.0(N. — 1
N, = t—( = )+

=In 1
P We

N = 5.32 peds (from above)
W, = No crosswalk width — so use 8ft

1 =4 peds

8.0(5.32 — 1)
Np = Int |=————| +

3. Compute Group Critical Headway:
tC,G = tC + Z(Np - 1)

t.=18.6s
Np = 29 peds (from above)

tecg = 13.5+2(4—1) =19.5 sec

Step 3: Estimate Probability of a delayed crossing

_tC,Gv
Pb =1—e N

Pi=1-—(1-Py"

N =4 lanes

—19.5(0.37)
P,=1—¢ 4 =084

Py=1-—(1-0.84)* =0.9993

Step 4: Calculate Average Delay to Wait for Adequate Gap

1 vt
dg = —(e"e6 —vt,c — 1)

v
d

_ g

dgd - P_d
1 5

d, = ﬁ(e°-37(19- ) —0.37(19.5) — 1) = 3,689 sec
3,689
dgqg = 09993 — 3,691 sec

In reality, as this is in a signalized corridor, the signals platoon traffic through the area.
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Step 5: Estimate Delay Reduction due to Yielding Vehicles

There is no yield rate because the crosswalk is unmarked (My=0). Therefore, there is no
reduction in delay due to yielding vehicles, and the average pedestrian delay is the same as in
step 4.

dp = dgq = 3,691 sec = LOSF

PM Peak Hour
Same process as AM Peak Hour:

Delay = 1,886 sec = LOS F

Analysis of the crossing indicates that the crossing is experiencing LOS F during the AM and
PM Peak Hours.

Result: Unacceptable Service Level in the AM and PM. Go to Step 6 of the evaluation
flowchart.

Review Origins and Destinations, Alternate Routes
Origins and Destinations

The proposed crossing is located near a commercialized/shopping area. The crossing would
connect a densely populated residential area to a shopping area.

Alternative Route Analysis

Calculate how much time it would take for a pedestrian to walk to the nearest adjacent marked
crossing, cross the roadway, and return to the location where they started.

This total amount of time will be compared to the average pedestrian delay (average measured
wait time).

Distance to nearest marked crossing = 220 ft (Signalized intersection)

Walking Time to Signalized Intersection:
220 ft

= 39 sec
7Lt

Wait Time and Crossing Time at Intersection:

Assume average wait time of 30 sec.
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65 ft

30 + ——— =41 ssec
oLt
Walking Time to Original Location:

220 ft
f = 39 sec

5.69%
Total Time:
39+4+41+39 =119 sec

Average Measured Wait Time (Pedestrian Delay) without a crossing
1,886 to 3,691 sec with current crossing (from HCM Analysis)

Because the alternative route time is considerably less than the average wait time, pedestrians
should use the crossing at the signalized intersection to cross the roadway.

Result: There are acceptable alternative routes that pedestrians can use at this location. Since
there is an acceptable alternative route at either of the adjacent signalized intersections, no
changes are recommended at the crossing location studied.

Measures may be taken to prevent pedestrians from crossing, but knowledge of the area indicates
that pedestrians will cross at the location no matter what the delay is.

If the signals were further away, a High Level Treatment of a Traffic Signal or Pedestrian Hybrid
Beacon may be appropriate.
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4

Uncontrolled Pedestrian Crossing Level of Service
Evaluation Worksheet

LRRB
Crossing Location: Example 4: Four Lane Undivided Urban Street Date:
City, State: Scenario: AM Peak Hour
Reviewer(s): Agency:
Step 1: Identify Is there a median available for a two-stage crossing? [ Yes No
Two-5Stage If yes, does the median refuge meet ADA requirements (4' x 4' landing)? [ Yes [] No
Crossings If yes, does the median refuge need to meet ADA requirements (4" x 4' landing)? [ Yes [ No
Critical headway is the time below which a pedestrian will not attempt to begin crossing the street. Pedestrians use
judgement to determine whether the available headway is sufficent for a safe crossing.
For a single pedestrian: where:t. = critical headway for a single pedestrian (s)
t = L t, L = crosswalk length (ft)
Sy S, = average pedestrian walking speed (ft/s)
crossing 1 crossing 2 t, = pedestrian start-up and end clearance time (s)
L= 60 t.= 3] L= t= S,=3.5ft/s
S,=| 5.7 t.=| 13.5| §,= t. = t, =3 sec
If pedestrian platooning is observed, the spatial distribution of pedestrians should be computed:
1. use field observations or estimate platoon size using equation:
_ v o Vsle 4 eV where: N = total number of pedestrians in crossing platoon
T w,tv)e (ped)
Step 2: Uy = pedestrian flow rate (ped/s)
. crossing 1 crossing 2 1 = vehicular flow rate across crossing (veh/s)
EﬁtiraT:_'n:adway vp=| 0.01 te=| 13.5| vp= t. L. = single pedestrian critical headway (s)
v=| 037 N.=| 4.77] v= N.=
2. compute spatial distribution:
N = 8.0(N.-1) ] where: Ny = spatial distributions of pedestrians (ped)
P Int W, +1 N, = total number of pedestrians in crossing platoon
(ped)
crossing 1 crossing 2 W, = crosswalk width (ft)
N.=| 4.77 N, = 8.0 = default clear width used by a single pedestrian
W, = 8 N, :l al W, = N, :[— to avoid interference with other pedestrians (ft)

clear width, if other than Szl:lft.

where: t.g = group critical headway (s)

3. compute group critical headway:

t.g=t. +2(N-1
oo = t+ 2(Ny-1) t. = single pedestrian critical headway (s)

crossing 1 crossing 2 Np = spatial distributions of pedestrians (ped)
Np = 4 Np =
t.=| 135 ts=| 195 t.= t.g=

Step 3: Estimate
Probability of a
Delayed
Crossing

Probability that a pedestrian will not incur any crossing delay is equal to the likelihood that a pedestrian will
encounter a gap greater than or equal to the critical headway immediately upon arrival at the intersection.

where: Py = probability of blocked lane

P.=1 _e"e,z:‘-’fu
b P4 = probability of delayed crossing
N = number of lanes crossed
Py=1-(1-P,)" L . )
t.c = group critical headway (s) =t if no platooning
crossing 1 crossing 2 v = vehicular flow rate across crossing(veh/s)
tes=| 19.5 te=
=| 0.37 Py=| 0.84] v= P, =
= 4 Pd = 1 = Pd =

Calculations Sheet 1 Page 3 of 5

Developed by Bolton Menk, Inc.
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LRRB

Uncontrolled Pedestrian Crossing Level of Service
Evaluation Worksheet

Average delay assumes that no motor vehicles yield and the pedestrian is forced to wait for an adequate gap.

1 where:  d, = average pedestrian gap delay (s)
dy = (€' - Ut - 1) ¢ -
) y t.s = group critical headway (s)
crossing 1 crossing 2 v = vehicular flow rate across crossing (veh/s)
Step 4: Calculate| t. g=| 19.53 tc=
Average Delay v 0.37 d, =| 3688.5| v= d, =[
to Wait for Average delay for a pedestrian who is unable to cross immediately upon reaching the intersection
Adequate Gap (e.g., any pedestrian experiencing nonzero delay.)
do. = d‘ where:  d,4 = average gap delay for pedestrians who incur
& Py nonzero delay
crossing 1 crossing 2 d, = average pedestrian gap delay (s)
ds =| 3689 ds = P4 = probability of a delayed crossing
Pe=| 0999 dp=[ 3691.2] Py= dy =|

Step 5: Estimate
Delay Reduction
due to Yielding
Vehicles

(If yielding is
zero, then skip
step 5)

When a pedestrian arrives at a crossing and finds an inadequate gap, that pedestrian is delayed until one of two
situations occurs: (a) a gap greater than the critical headway is available, or (b) motor vehicles yield and allow the
pedestrian to cross. While motorists are legally required to stop for crossing pedestrians in MN at all marked crossings
and either marked or unmarked crossings at intersections, motorist yield rates actually vary considerably.

Some crossing treatments and yield rates based on research are provided on the next page.
Average pedestrian delay where: d; = average pedestrian delay (s)
d = = " 1 = crossing event (1=1to 7.)
P Z_hh" 0.5)(Y;) + (Py- Z"F)[Yindsd fi = average headway for each through lane = N/
= = F(Y';) = probability that motorists yield to

crossing 1 crossing 2 pedestrian on crossing event 1
h =| | n= h =| | n= 7. = Int(d,y/h), average number of crossing
dp = dp = events before an adequate gap is available, >0

7 = crossing event (7=0to 1-1)
P(Y';) = probability that motorists yield to

1. One-Lane Crossing

P(Y3)= P,M, (1-M,)*" .
* d yl 'y] pedestrian on crossing event
M., = motorist yield rate (decimal) M

P(};}l =|p, - z P(x)

=

2. Two-Lane Crossing

¥

[f'.H‘,.[l =P )M,) + U’nzu;-':}]
[ Py |

P(Y1) = 2P,(1-P, )M, +1P,’M,
i=1
3. Three-Lane Crossing

=1 3py 3 2 z 2
Py M7+ 3P, (1= Py )M, + 3P, (1 — Pp)*M.
P(Y-;] = 1Py ZP“’H” o v My s ( 5IM,%) w( b) yl Summarv
=0 Pa Average 3691.2
4. Four-Lane Crossing LOS F
i-1 g 4 3 3 z Zar Z 3
Pyt Mt + 4P 301 = PIML) + 6P (1 = PLPMLE) + 4PL(1 = PLTIM.
P‘Yt]= [Pd_ZP(Yﬂ)]‘[ b My b1 wIMy) b ( ») M) bl b ) )
=0 P“
LOS |Control Delay (sec/ped) Comments
Step 6: Calculate
Avel:a o A 0-5 Usually no conflicting traffic
& . B 5-10 Occasionally some delay due to conflicting traffic
Pedestrian Delay - . - - .
. C 10-20 Delay noticeable to pedestrians, but not inconvienencing
& Determine - — - -
LOS D 20-30 Delay noticeable/irritating, increased chance of risk-taking
E 30-45 Delay approaches tolerance level, risk-taking likely
F >45 Delay exceeds tolerance level, high chance of risk-taking
Calculations Sheet 2 Page 4 of 5

Developed by Bolton Menk, Inc.
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Uncontrolled Pedestrian Crossing Level of Service
Evaluation Worksheet

LRRB
Crossing Location: Example 4: Four Lane Undivided Urban Street Date:
City, State: Scenario: PM Peak Hour
Reviewer(s): Agency:
Step 1: Identify Is there a median available for a two-stage crossing? [ Yes No
Two-5Stage If yes, does the median refuge meet ADA requirements (4' x 4' landing)? [ Yes [] No
Crossings If yes, does the median refuge need to meet ADA requirements (4" x 4' landing)? [ Yes [ No
Critical headway is the time below which a pedestrian will not attempt to begin crossing the street. Pedestrians use
judgement to determine whether the available headway is sufficent for a safe crossing.
For a single pedestrian: where:t. = critical headway for a single pedestrian (s)
t = L t, L = crosswalk length (ft)
Sy S, = average pedestrian walking speed (ft/s)
crossing 1 crossing 2 t, = pedestrian start-up and end clearance time (s)
L= 60 t.= 3] L= t= S,=3.5ft/s
S,=| 5.7 t.=| 13.5| §,= t. = t, =3 sec
If pedestrian platooning is observed, the spatial distribution of pedestrians should be computed:
1. use field observations or estimate platoon size using equation:
_ v o Vsle 4 eV where: N = total number of pedestrians in crossing platoon
T w,tv)e (ped)
Step 2: Uy = pedestrian flow rate (ped/s)
. crossing 1 crossing 2 1 = vehicular flow rate across crossing (veh/s)
EﬁtiraT:_'n:adway vp=| 0.02 te=| 13.5| vp= t. L. = single pedestrian critical headway (s)
v=| 033 N.=| 4.78] v= N.=
2. compute spatial distribution:
N = 8.0(N.-1) ] where: Ny = spatial distributions of pedestrians (ped)
P Int W, +1 N, = total number of pedestrians in crossing platoon
(ped)
crossing 1 crossing 2 W, = crosswalk width (ft)
N.=| 4.78 N, = 8.0 = default clear width used by a single pedestrian
W, = 8 N, :l al W, = N, :[— to avoid interference with other pedestrians (ft)

clear width, if other than Szl:lft.

where: t.g = group critical headway (s)

3. compute group critical headway:

t.g=t. +2(N-1
oo = t+ 2(Ny-1) t. = single pedestrian critical headway (s)

crossing 1 crossing 2 Np = spatial distributions of pedestrians (ped)
Np = 4 Np =
t.=| 135 ts=| 195 t.= t.g=

Step 3: Estimate
Probability of a
Delayed
Crossing

Probability that a pedestrian will not incur any crossing delay is equal to the likelihood that a pedestrian will
encounter a gap greater than or equal to the critical headway immediately upon arrival at the intersection.

where: Py = probability of blocked lane

P.=1 _e"e,z:‘-’fu
b P4 = probability of delayed crossing
N = number of lanes crossed
Py=1-(1-P,)" L . )
t.c = group critical headway (s) =t if no platooning
crossing 1 crossing 2 v = vehicular flow rate across crossing(veh/s)
tes=| 19.5 te=
=| 0.33 P,=| 03] v= P, =
= 4 Pd = 1 = Pd =

Calculations Sheet 1 Page 3 of 5

Developed by Bolton Menk, Inc.
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LRRB

Uncontrolled Pedestrian Crossing Level of Service
Evaluation Worksheet

Average delay assumes that no motor vehicles yield and the pedestrian is forced to wait for an adequate gap.

1 where:  d, = average pedestrian gap delay (s)
dy = (€' - Ut - 1) ¢ -
) y t.s = group critical headway (s)
crossing 1 crossing 2 v = vehicular flow rate across crossing (veh/s)
Step 4: Calculate| t. g=| 19.53 tc=
Average Delay v 0.33 ds=| 1882.7| vs= dI‘:[
to Wait for Average delay for a pedestrian who is unable to cross immediately upon reaching the intersection
Adequate Gap (e.g., any pedestrian experiencing nonzero delay.)
do. = d‘ where:  d,4 = average gap delay for pedestrians who incur
& Py nonzero delay
crossing 1 crossing 2 d, = average pedestrian gap delay (s)
ds =| 1883 ds = P4 = probability of a delayed crossing
Pg=| 0.998| dpy=[ 1885.7] Py= dy =|

Step 5: Estimate
Delay Reduction
due to Yielding
Vehicles

(If yielding is
zero, then skip
step 5)

When a pedestrian arrives at a crossing and finds an inadequate gap, that pedestrian is delayed until one of two
situations occurs: (a) a gap greater than the critical headway is available, or (b) motor vehicles yield and allow the
pedestrian to cross. While motorists are legally required to stop for crossing pedestrians in MN at all marked crossings
and either marked or unmarked crossings at intersections, motorist yield rates actually vary considerably.

Some crossing treatments and yield rates based on research are provided on the next page.
Average pedestrian delay where: d; = average pedestrian delay (s)
d = = " 1 = crossing event (1=1to 7.)
P Z_hh" 0.5)(Y;) + (Py- Z"F)[Yindsd fi = average headway for each through lane = N/
= = F(Y';) = probability that motorists yield to

crossing 1 crossing 2 pedestrian on crossing event 1
h =| | n= h =| | n= 7. = Int(d,y/h), average number of crossing
dp = dp = events before an adequate gap is available, >0

7 = crossing event (7=0to 1-1)
P(Y';) = probability that motorists yield to

1. One-Lane Crossing

P(Y3)= P,M, (1-M,)*" .
* d yl 'y] pedestrian on crossing event
M., = motorist yield rate (decimal) M

P(};}l =|p, - z P(x)

=

2. Two-Lane Crossing

¥

[f'.H‘,.[l =P )M,) + U’nzu;-':}]
[ Py |

P(Y1) = 2P,(1-P, )M, +1P,’M,
i=1
3. Three-Lane Crossing

=1 3py 3 2 z 2
Py M7+ 3P, (1= Py )M, + 3P, (1 — Pp)*M.
P(Y-;] = 1Py ZP“’H” o v My s ( 5IM,%) w( b) yl Summarv
= Py Average 1885.7
4. Four-Lane Crossing LOS F
i-1 g 4 3 3 z Zar Z 3
Pyt Mt + 4P 301 = PIML) + 6P (1 = PLPMLE) + 4PL(1 = PLTIM.
P‘Yt]= [Pd_ZP(Yﬂ)]‘[ b My b1 wIMy) b ( ») M) bl b ) )
=0 P“
LOS |Control Delay (sec/ped) Comments
Step 6: Calculate
Avel:a o A 0-5 Usually no conflicting traffic
& . B 5-10 Occasionally some delay due to conflicting traffic
Pedestrian Delay - . - - .
. C 10-20 Delay noticeable to pedestrians, but not inconvienencing
& Determine - — - -
LOS D 20-30 Delay noticeable/irritating, increased chance of risk-taking
E 30-45 Delay approaches tolerance level, risk-taking likely
F >45 Delay exceeds tolerance level, high chance of risk-taking
Calculations Sheet 2 Page 4 of 5

Developed by Bolton Menk, Inc.
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Example 5: Four-Lane Divided Urban Highway Crossing

Site Review
Conduct a field review and take pedestrian/vehicle counts during the peak hours.

f"

The crossing location is located on a four lane highway with medians. The median at the
crossing doesn’t have a pedestrian platform because the crossing is currently unmarked.
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Complete Field Review Worksheet.

4

Uncontrolled Pedestrian Crossing

mﬁ Data Collection Worksheet
Location: Example 5: Four Lane Undivided Highway Date:
City, State: Scenario: Noon Weekday Evaluation
Reviewer(s): Agency:
Project #: 1D #:
The first step in understanding the pedestrian needs at a potential crossing location is completing
a review of the location and adjacent facilities.
Crossing Length: Measure the crossing distance from curb to curb. Crossing 1 52 ft.
Fill in Crossing 1 distance if there is no median. If there is a median at the Crossing 2 65 ft.
crossing location, fillin Crossing 1 and 2 distances
Median: width of median at crossing location 10 ft.
Crossing Width: effective crosswalk width 8 ft.
Raised Median Available? Yes [] No
" ADA Compliant Median Available (minimum 4' x 4' landing)? [ Yes [4 No
§ Curb Ramps Available? Yes [ No
E ADA Compliant Curb Ramp Awvailable (width, grades, truncated domes)? [ Yes No
$ Speed: Posted or 85" percentile speed 45 mph
@ Roadway Curvature and Sight Distances: Average walking speed 5.6 ft/s
Is the crossing location within a horizontal or vertical curve? O ves [0 No
Equations to calculate the following are located on the next page
Direction 1: Stopping Sight Distance [S5D) 360 ft. provided? Yes [ No
Direction 2: Stopping Sight Distance (SSD) 360 |ft. provided? Yes [ No
Direction 1: Pedestrian Sight Distance (PedSD) 813 ft. provided? Yes [] No
Direction 2: Pedestrian Sight Distance (PedSD) 966 ft. provided? [[] Yes [] No
Trafficand Measure traffic and pedestrian volume in 15-minute increments on the roadway to be crossed.
Pedestrian Attach Counts vehicles: Daily| 11,200 pedestrians: Daily
. AM Peak Hourly Pk 15-min Hourly Pk 15-min
PM Peak Hourly 698 Pk 15-min 237 Hourly 2 Pk 15-min 2
Lighting:
Is street lighting present and does it light the crosswalk location? Yes [ No
Crosswalk Pavement Markings: Is the pedestrian crossing currently marked? [ Yes No
What is the condition of the markings? [] Excellent [] Good [] Fair [ Poor
s Are the markings easily defined? [J Yes [J No
:‘{E Do they need replacement? [ Yes [] No
% What is the crosswalk marking pattern?
g Signing: Currently signed at crosswalk? [ Yes No
i Currently signed in advance of crosswalk? ] Yes No
P Distances? direction 1 ft. direction 2 ft.
‘—“: Enhancements: What enhancements are currently at Traffic Signal
_E the crossing location?
§ Adjacent Facilities: Distance to nearest marked crosswalk? | 1,000 st
< What pedestrian control devices are present
at the nearest adjacent marked crosswalk?
Distance to nearest all-way stop, roundabout or signalized intersection 1,000 |ft
Could another location serve the same pedestrian crossing movement? [ Yes No
Could another location serve the the movement more effectively? ] Yes No

Developed by Bolton & Menk, Inc. incoosdination with the Local Road Research Board. Worksheets made without charge and under no circumstances shall be sold by third parties for profit.

Page 1 of 2
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' Uncontrolled Pedestrian Crossing
h Data Collection Worksheet

Mark the following: site distances and potential conflicts, pavement markings (crosswalk, edge lines, center lines, lane lines, stop lines, and any other

markings), signing, location of lighting units, curb ramps, truncated domes, presence of any other crosswalks or crossing locations parallel to and

nearby the location being studied, adjacent intersection traffic control, parking, intersection width, lane lengths, shoulder widths, sign placement,
and nearby orgins and destinations .

draw or insert map of location being studied

No landing area

Signalized Intersection
1000ft

Mo Truncated Dome/
Curb Ramp

SSD/PSD Met

Notes: Crossing location currently unsigned and unmarked.
Median could be extended

Sight Distance Calculations: where: defaults:
Stopping sight distance [SSD), ft= 1475t + 1.0?55?3 L = brake reaction time, s 25
Pedestrian sight distance (PedSD), ft = 1.475(L/ 5, + ) a = decelerztion rate, ft/s’ 112
S, = average pedestrian walking speed, ft/s 35

where: 5 = design speed, mph t, = pedestrian start-up and end clearance time, s ER]

L = length of crossing, ft

Page 2 of 2
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Safety Review
No pedestrian crashes or rear-ends at the location within last ten years. Overall, there have been

two crashes at this intersection over the last ten years. No conclusions made regarding crash
data.

SSD, PedSD Calculation

SSD = 360 ft
PedSDrorq = 1,700 ft

The SSD is met for this crossing, but PedSD is not.

HCM Analysis

Midday Peak Hour
Yield Rate = 0% (Unmarked Crossing)
Delay = 3,026 sec = LOS F

Result: Unacceptable Service Level, go to Step 6 of the Evaluation Flowchart.

Review Origins and Destinations, Alternate Routes
Origins and Destinations

The crossing connects the business parking lot to shopping/restaurant area. This crossing is a
direct origin-destination connection because pedestrians would most likely not walk to the
signalized intersection to the north to cross.

Alternative Route Analysis

Calculate how much time it would take for a pedestrian to walk to the nearest adjacent marked
crossing, cross the roadway, and return to the location where they started.

This total amount of time will be compared to the average pedestrian delay (average measured
wait time). The signalized intersection (1000 ft north of the crossing) will be used as the
alternative route.

Total Time = 601 sec
Average Measured Wait Time (Pedestrian Delay)

3,026 sec with current crossing (from HCM Analysis)
While the alternate route provides a faster time, it is still unacceptable, resulting in 10 minutes to
travel the alternate route.

Result: There is not an acceptable alternative route near the crossing being studied and there is a
direct origin-destination connection at the crossing. Go to step 7 of the evaluation flowchart.
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Access Spacing and Functional Classification
The crossing is not located in a signalized corridor.

Speed and Pedestrian Use
The speed limit is 45 mph.

There were 2 pedestrians during the peak hour.

Result: Consider appropriate traffic calming treatments in conjunction with or without
appropriate uncontrolled crossing treatments. Go to appropriate Step 10 of evaluation
flowchart.

School Crossing
This is not a school crossing, go to Step 9.

FHWA Safety Guidance
Multi-lane with raised median, speed limit = 45 mph, ADT = 11,200. Results in N designation.
Go to Step 11, Do Nothing or High Level Treatments.

Why do we go to this step if the median could be lengthened to reduce crossing distance?

Say the existing median is extended. As there is already a median along the roadway, it is
anticipated that extension of the median would have little to no effect on motorist yielding.
Repeat Step 4 of the Evaluation Flowchart.

Check PedSD with shorter crossing distances.

PedSDSB S 813 ft
PedSDyg = 966 ft

Delay = 238 sec = LOS F

Result
Still Unacceptable Service Level.

The pedestrian volume is so low, that any additional treatments would likely not be cost
effective. Additionally, the safety would likely be decreased, as consistent with FHWA study.

Do Nothing or High Level Treatment Options:

Based on the pedestrian counts, it is unlikely that any High Level Treatments would be justified.
The vehicle counts in the area should be reviewed to determine if a signal could be justified
based on the intersection turning movement counts. If not, the recommended option would be to
do nothing, leave the crossing unmarked and unsigned.
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2010 Highway Capacity Manual (HCM)

Pedestrian Level of Service (LOS) at Uncontrolled Crossing Locations
Intersection and Mid-Block Crossings

Crossing Location: Example 5

Date:

City, State:

Scenario:

Reviewer(s):

Agency:

Project Number:

1D #:

The following is the base information needed to complete the analysis.

If this is a one-stage crossing, use only Crossing 1.

If this is a two-stage crossing, each stage must be evaluated separately using Crossing 1 and Crossing 2.

Crossing 1:

Evaluation Inputs:
L = crosswalk length (ft)

\/ = vehicular hourly volume (veh/hr)
U, = pedestrian flow rate (ped/s)

W, = crosswalk width (ft)

N = number of lanes crossed {Integer)

Crossing 2:

Evaluation Inputs:
L = crosswalk length (ft)

V = vehicular hourly volume (veh/hr)
U, = pedestrian flow rate (ped/s)

W, = crosswalk width (ft)
N = number of lanes crossed (Integer)

M., = motorist yield rate (decimal)

Results:

defaults: Input Table:
L= 127
S, = average pedestrian walking speed (ft/s) Sp= 3.5 S, = 5.6
t, = pedestrian start-up and end clearance time (s) t.= 3.0 t= 3
V= 698
U, = 0* Up= 0.00
v = vehicular flow rate {veh/s) = V/3600 v=V/3600 U= 0.26
W, = 8.0 W, = 8.0
N= INT(L/11) N= 4
*no platooning observed
(only used for two-stage crossings)
defaults: Input Table:
S, = average pedestrian walking speed (ft/s) Sp= 3.5 p =
t, = pedestrian start-up and end clearance time (s) t.= 3.0 t =
Uy, = 0* Vp=
v = vehicular flow rate (veh/s) = V/3600 U= V/3600 U=
\Af‘c = 8.0 Wl. =
*no platooning observed
Crossing Treatment Yield Rate Input Table:
M, =
Entering data into the tables above will populate the evaluation tables in Microsoft Excel.
Average Delay 3026.1
LOS F
Inputs and Results Page 2 of 5

Developed by Bolton Menk, Inc.

for the Local Road Research Board.
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4

LRRB

Uncontrolled Pedestrian Crossing Level of Service
Evaluation Worksheet

Crossing Location: Example 5: Four Lane Divided Urban Highway Date:
City, State: Scenario: Noon Peak Hour, Weekday
Reviewer(s): Agency:
Step 1: Identify Is there a median available for a two-stage crossing? [7] yes [ No
Two-5Stage If yes, does the median refuge meet ADA requirements (4' x 4' landing)? [ Yes No
Crossings If yes, does the median refuge need to meet ADA requirements (4" x 4' landing)? Yes [] No
Critical headway is the time below which a pedestrian will not attempt to begin crossing the street. Pedestrians use
judgement to determine whether the available headway is sufficent for a safe crossing.
For a single pedestrian: where:t. = critical headway for a single pedestrian (s)
t = L t, L = crosswalk length (ft)
Sy S, = average pedestrian walking speed (ft/s)
crossing 1 crossing 2 t, = pedestrian start-up and end clearance time (s)
L=| 127 t.= 3] L= t= S,=3.5ft/s
S,=| 5.6 t.=| 25.7| §,= t. = t, =3 sec
If pedestrian platooning is observed, the spatial distribution of pedestrians should be computed:
1. use field observations or estimate platoon size using equation:
_ v o Vsle 4 eV where: N = total number of pedestrians in crossing platoon
T w,tv)e (ped)
Step 2: Uy = pedestrian flow rate (ped/s)
. crossing 1 crossing 2 1 = vehicular flow rate across crossing (veh/s)
EﬁtiraT:_'n:adway Vp = te=| 25.7| vp= t. L. = single pedestrian critical headway (s)
v=| 0.26 N, = V= N.=
2. compute spatial distribution:
N = 8.0(N.-1) ] where: Ny = spatial distributions of pedestrians (ped)
P Int W, +1 N, = total number of pedestrians in crossing platoon
(ped)
crossing 1 crossing 2 W, = crosswalk width (ft)
N, = N, = 8.0 = default clear width used by a single pedestrian
W, = 8 N, :l W, = N, :[— to avoid interference with other pedestrians (ft)

clear width, if other than Szl:lft.

where: t.g = group critical headway (s)

3. compute group critical headway:

tog= t.+2(N,-1)

t. = single pedestrian critical headway (s)

crossing 1 Np = spatial distributions of pedestrians (ped)

crossing 2
N, = N, =

t.=| 257 t= to=

th=

Probability that a pedestrian will not incur any crossing delay is equal to the likelihood that a pedestrian will
encounter a gap greater than or equal to the critical headway immediately upon arrival at the intersection.

where: Py = probability of blocked lane

. Py= 1N . .
Step 3: Estimate P4 = probability of delayed crossing
Probability of a P.=1-(1-P )" N = number of lanes crossed
Delayed d (1-Py) t.c = group critical headway (s) =t if no platooning
Crossing crossing 1 crossing 2 v = vehicular flow rate across crossing(veh/s)
tee=| 25.7 te=
=| 0.26 P,=| 0.81] v= P, =
= 4 Py= 1 = Py =

Calculations Sheet 1 Page 3 of 5
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4

LRRB

Uncontrolled Pedestrian Crossing Level of Service
Evaluation Worksheet

Step 4: Calculate
Average Delay
to Wait for
Adequate Gap

Average delay assumes that no motor vehicles yield and the pedestrian is forced to wait for an adequate gap.

dg =;{em"“-'utm -1) where:  d, = average p_eglestrian gap delay (s)
. t.s = group critical headway (s)
crossing 1 crossing 2 v = vehicular flow rate across crossing (veh/s)
t.c=| 25.68 tc=
v= 026 d,=| 30223 v= d, =/
Average delay for a pedestrian who is unable to cross immediately upon reaching the intersection
(e.g., any pedestrian experiencing nonzero delay.)
dye :-dL where:  d,4 = average gap delay for pedestrians who incur
Py nonzero delay
crossing 1 crossing 2 d, = average pedestrian gap delay (s)
ds =| 3022 ds = P4 = probability of a delayed crossing
Pg=| 0999 dp=[ 3026.1] Py= dy =|

Step 5: Estimate
Delay Reduction
due to Yielding
Vehicles

(If yielding is
zero, then skip
step 5)

When a pedestrian arrives at a crossing and finds an inadequate gap, that pedestrian is delayed until one of two
situations occurs: (a) a gap greater than the critical headway is available, or (b) motor vehicles yield and allow the
pedestrian to cross. While motorists are legally required to stop for crossing pedestrians in MN at all marked crossings
and either marked or unmarked crossings at intersections, motorist yield rates actually vary considerably.

Some crossing treatments and yield rates based on research are provided on the next page.
Average pedestrian delay

dy= SR 0.5)P(Y ) + (Pe- 3 PLY i)y
=1 i=1

where: d; = average pedestrian delay (s)
1 = crossing event (1=1to 7.)
fi = average headway for each through lane = N/
F(Y';) = probability that motorists yield to

crossing 1 crossing 2 pedestrian on crossing event 1
h =| | n= h =| | n= 7. = Int(d,y/h), average number of crossing
dp = dp = events before an adequate gap is available, >0

1. One-Lane Crossing 7 = crossing event (7=0to 1-1)

’ P(Y ) = probability that motorists yield to
P(Y;)=P,M, (1-M,)"" ’
Y Y

pedestrian on crossing event 7

L I

- P)M,) + (BM,%)]
[ |

2. Two-Lane Crossing M., = motorist yield rate (decimal)

P(};}l =|p, - z P(x)

=

[(2p1

P(Y1) = 2P,(1-P, )M, +1P,’M, l

i=1
3. Three-Lane Crossing

=1 3py 3 2 z 2
Py M7+ 3P, (1= Py )M, + 3P, (1 — Pp)*M.
P(Y-;] = 1Py ZP“’H” o v My s ( 5IM,%) w( b) yl Summarv
= Py Average 3026.1
4. Four-Lane Crossing LOS F
i-1 g 4 3 3 z 2ay T 3
PIMLY 4 aP (1 — POMLT) + 6P (1 — PREMLY) + 4P (1 — PRI
P‘Yt,= [Pd_ZP(Vj])]‘{ b My b ( w)My) s [ 5} My") bl b ) Y,
=0 P"
LOS |Control Delay (sec/ped) Comments
Step 6: Calculate
Avel:a o A 0-5 Usually no conflicting traffic
& . B 5-10 Occasionally some delay due to conflicting traffic
Pedestrian Delay - . - - .
. C 10-20 Delay noticeable to pedestrians, but not inconvienencing
& Determine - — - -
LOS D 20-30 Delay noticeable/irritating, increased chance of risk-taking
E 30-45 Delay approaches tolerance level, risk-taking likely
F >45 Delay exceeds tolerance level, high chance of risk-taking
Calculations Sheet 2 Page 4 of 5
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2010 Highway Capacity Manual (HCM)

Pedestrian Level of Service (LOS) at Uncontrolled Crossing Locations
Intersection and Mid-Block Crossings

Crossing Location: Example 5

Date:

City, State:

Scenario:

Reviewer(s):

Staged Crossing

Agency:

Project Number:

1D #:

The following is the base information needed to complete the analysis.

If this is a one-stage crossing, use only Crossing 1.

If this is a two-stage crossing, each stage must be evaluated separately using Crossing 1 and Crossing 2.

Crossing 1: East

Evaluation Inputs:

L = crosswalk length (ft)

S, = average pedestrian walking speed (ft/s)

t, = pedestrian start-up and end clearance time (s)
\/ = vehicular hourly volume (veh/hr)

U, = pedestrian flow rate (ped/s)

v = vehicular flow rate {veh/s) = V/3600

W, = crosswalk width (ft)

N = number of lanes crossed {Integer)

Crossing 2: West

defaults: Input Table:
L= 52
s,= 35 Sy = 5.6
t.= 3.0 = 3
V= 349
U, = 0* Up= 0.00
v=V/3600 U= 0.26
W, = 8.0 W, = 8.0
N= |NT[|_f11‘} N= 2

*no platooning observed

Evaluation Inputs:

L = crosswalk length (ft)

S, = average pedestrian walking speed (ft/s)

t, = pedestrian start-up and end clearance time (s)
V = vehicular hourly volume (veh/hr)

U, = pedestrian flow rate (ped/s)

v = vehicular flow rate (veh/s) = V/3600

W, = crosswalk width (ft)

N = number of lanes crossed (Integer)

Crossing Treatment Yield Rate

M., = motorist yield rate (decimal)

Entering data into the tables above will populate the evaluation tables in Microsoft Excel.

Results:

Average Delay
LOS

(only used for two-stage crossings)
defaults: Input Table:
= 65
S,= 35 b= 6
t,= 3.0 = 3
= 349
Uy, = 0* Vp= 0.00
V= /3600 V= 0.26
W, = 8.0 W, = 8.0
N= INT(L/11) N= 2
*no platooning observed
Input Table:
M, =
237.6
F
Inputs and Results Page 2 of 5

Developed by Bolton Menk, Inc.

for the Local Road Research Board.

155

HCM Evaluation Worksheet



4

Uncontrolled Pedestrian Crossing Level of Service
Evaluation Worksheet

LRRB
Crossing Location: Example 5: Four Lane Divided Urban Highway Date:
City, State: Scenario: Staged Crossing
Reviewer(s): Agency:
Step 1: Identify Is there a median available for a two-stage crossing? [7] yes [ No
Two-5Stage If yes, does the median refuge meet ADA requirements (4' x 4' landing)? [ Yes No
Crossings If yes, does the median refuge need to meet ADA requirements (4" x 4' landing)? Yes [] No
Critical headway is the time below which a pedestrian will not attempt to begin crossing the street. Pedestrians use
judgement to determine whether the available headway is sufficent for a safe crossing.
For a single pedestrian: where:t. = critical headway for a single pedestrian (s)
t = L t, L = crosswalk length (ft)
Sy S, = average pedestrian walking speed (ft/s)
crossing 1 crossing 2 t, = pedestrian start-up and end clearance time (s)
L= 52 t.= 3 L= 65 t= 3 S,=3.5ft/s
S,=| 5.6 t.=| 12.3] §,=| 56 t.=| 14.6 t,=3sec
If pedestrian platooning is observed, the spatial distribution of pedestrians should be computed:
1. use field observations or estimate platoon size using equation:
_ v o Vsle 4 eV where: N = total number of pedestrians in crossing platoon
T w,tv)e (ped)
Step 2: Uy = pedestrian flow rate (ped/s)
. crossing 1 crossing 2 1 = vehicular flow rate across crossing (veh/s)
EﬁtiraT:_'n:adway Vp = te=| 12.3| vp= t.=| 14.6| L. = single pedestrian critical headway (s)
v=| 0.26 N, = v=| 0.26 N.=
2. compute spatial distribution:
N = 8.0(N.-1) ] where: Ny = spatial distributions of pedestrians (ped)
P Int W, +1 N, = total number of pedestrians in crossing platoon
(ped)
crossing 1 crossing 2 W, = crosswalk width (ft)
N, = N, = 8.0 = default clear width used by a single pedestrian
W, = 8 N, :l W, = 8 N, :[— to avoid interference with other pedestrians (ft)

clear width, if other than Szl:lft.

where: t.g = group critical headway (s)

3. compute group critical headway:

t.g=t. +2(N-1
oo = t+ 2(Ny-1) t. = single pedestrian critical headway (s)

crossing 1 Np = spatial distributions of pedestrians (ped)

crossing 2
N, = N, =

t.=| 123 t.=| 146 t,=

th=

Probability that a pedestrian will not incur any crossing delay is equal to the likelihood that a pedestrian will
encounter a gap greater than or equal to the critical headway immediately upon arrival at the intersection.
where: Py = probability of blocked lane

- Ph =1 -e"“‘"m e .
Step 3: Estimate P4 = probability of delayed crossing
Probability of a Pe=1-(1-P, }N N = number of lanes crossed
Delayed b t.c = group critical headway (s) =t if no platooning
Crossing crossing 1 crossing 2 v = vehicular flow rate across crossing(veh/s)
teo=| 12.3 tc=| 146
=| 0.26 P,=| 038 v=| 026 P,=| 0.85
= 2 Py=| 0.96] N= 2 Py=| 0.98

Calculations Sheet 1 Page 3 of 5

Developed by Bolton Menk, Inc.

for the Local Road Research Board
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LRRB

Uncontrolled Pedestrian Crossing Level of Service
Evaluation Worksheet

Step 4: Calculate
Average Delay
to Wait for
Adequate Gap

Average delay assumes that no motor vehicles yield and the pedestrian is forced to wait for an adequate gap.

dg =;{em"“-'utm -1) where:  d, = average p_eglestrian gap delay (s)
. t.s = group critical headway (s)
crossing 1 crossing 2 v = vehicular flow rate across crossing (veh/s)
te=| 12.29 t.c=| 14.61
v=| 026] d,=| 77.686] v=| 026] d,=| 15311
Average delay for a pedestrian who is unable to cross immediately upon reaching the intersection
(e.g., any pedestrian experiencing nonzero delay.)
dye :-dL where:  d,4 = average gap delay for pedestrians who incur
Py nonzero delay
crossing 1 crossing 2 d, = average pedestrian gap delay (s)
d,=| 77.69 d;=| 153.1 P4 = probability of a delayed crossing
P=| 0959| dp=[ 81.007] Py=| 0.978| d=[ 156.62

Step 5: Estimate
Delay Reduction
due to Yielding
Vehicles

(If yielding is
zero, then skip
step 5)

When a pedestrian arrives at a crossing and finds an inadequate gap, that pedestrian is delayed until one of two
situations occurs: (a) a gap greater than the critical headway is available, or (b) motor vehicles yield and allow the
pedestrian to cross. While motorists are legally required to stop for crossing pedestrians in MN at all marked crossings
and either marked or unmarked crossings at intersections, motorist yield rates actually vary considerably.

Some crossing treatments and yield rates based on research are provided on the next page.
Average pedestrian delay

dy= SR 0.5)P(Y ) + (Pe- 3 PLY i)y
=1 i=1

where: d; = average pedestrian delay (s)
1 = crossing event (1=1to 7.)
fi = average headway for each through lane = N/
F(Y';) = probability that motorists yield to

crossing 1 crossing 2 pedestrian on crossing event 1
h =| | n= h =| | n= 7. = Int(d,y/h), average number of crossing
dp = dp = events before an adequate gap is available, >0

1. One-Lane Crossing 7 = crossing event (7=0to 1-1)

’ P(Y ) = probability that motorists yield to
P(Y;)=P,M, (1-M,)"" ’
Y Y

pedestrian on crossing event 7

L I

- P)M,) + (BM,%)]
[ |

2. Two-Lane Crossing M., = motorist yield rate (decimal)

P(};}l =|p, - z P(x)

=

[(2p1

P(Y1) = 2P,(1-P, )M, +1P,’M, l

i=1
3. Three-Lane Crossing

=1 3py 3 2 z 2
Py M7+ 3P, (1= Py )M, + 3P, (1 — Pp)*M.
P(Y-;] = 1Py ZP“’H” o v My s ( 5IM,%) w( b) yl Summarv
=0 Pa Average 237.6
4. Four-Lane Crossing LOS F
i-1 g 4 3 3 z Zar Z 3
PIMLY 4 aP (1 — POMLT) + 6P (1 — PREMLY) + 4P (1 — PRI
P‘Yt,= [Pd_ZP(Vj])]‘{ b My b ( w)My) s [ 5} My") bl b ) Y,
=0 P"
LOS |Control Delay (sec/ped) Comments
Step 6: Calculate
Avel:a o A 0-5 Usually no conflicting traffic
& . B 5-10 Occasionally some delay due to conflicting traffic
Pedestrian Delay - . - - .
. C 10-20 Delay noticeable to pedestrians, but not inconvienencing
& Determine - — - -
LOS D 20-30 Delay noticeable/irritating, increased chance of risk-taking
E 30-45 Delay approaches tolerance level, risk-taking likely
F >45 Delay exceeds tolerance level, high chance of risk-taking
Calculations Sheet 2 Page 4 of 5

Developed by Bolton Menk, Inc.
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Example 6: Four-Lane Divided Urban High Pedestrian Use Crossing

Site Review
Conduct a field review and take pedestrian/vehicle counts during the peak hours.

Business

The crossing location is located is on a four lane roadway with medians. The median at the
crossing doesn’t have a pedestrian platform and is currently not extended to the crosswalk.
There are two flashing beacons at the crossing along with pavement markings and signs.
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Complete Field Review Worksheet.

4

Uncontrolled Pedestrian Crossing

mﬁ Data Collection Worksheet
Location: Example 6 Date:
City, State: Scenario: Noon Weekday
Reviewer(s): Agency:
Project #: 1D #:
The first step in understanding the pedestrian needs at a potential crossing location is completing
a review of the location and adjacent facilities.
Crossing Length: Measure the crossing distance from curb to curb. Crossing 1 118  |ft.
Fill in Crossing 1 distance if there is no median. If there is a median at the Crossing 2 ft.
crossing location, fillin Crossing 1 and 2 distances
Median: width of median at crossing location ft.
Crossing Width: effective crosswalk width 6 ft.
Raised Median Available? Yes [] No
" ADA Compliant Median Available (minimum 4' x 4' landing)? [ Yes [4 No
§ Curb Ramps Available? Yes [ No
E ADA Compliant Curb Ramp Awvailable (width, grades, truncated domes)? [ Yes No
$ Speed: Posted or 85" percentile speed 40 mph
@ Roadway Curvature and Sight Distances: Average walking speed 5.6 ft/s
Is the crossing location within a horizontal or vertical curve? O ves [0 No
Equations to calculate the following are located on the next page
Direction 1: Stopping Sight Distance [S5D) 3m ft. provided? Yes [ No
Direction 2: Stopping Sight Distance (SSD) ft. provided? Yes [ No
Direction 1: Pedestrian Sight Distance (PedSD) 1415 |ft. provided? Yes [] No
Direction 2: Pedestrian Sight Distance (PedSD) ft. provided? [[] Yes [] No
Trafficand Measure traffic and pedestrian volume in 15-minute increments on the roadway to be crossed.
Pedestrian Attach Counts vehicles: Daily| 8,900 pedestrians: Daily
. AM Peak Hourly Pk 15-min Hourly Pk 15-min
PM Peak Hourly 632 Pk 15-min 252 Hourly 29 Pk 15-min 16
Lighting:
Is street lighting present and does it light the crosswalk location? Yes [ No
Crosswalk Pavement Markings: Is the pedestrian crossing currently marked? [0 Yes [ MNo
What is the condition of the markings? [] Excellent Good [] Fair [] Poor
s Are the markings easily defined? Yes [ No
:‘{E Do they need replacement? ] Yes No
% What is the crosswalk marking pattern? I Continental
E Signing: Currently signed at crosswalk? Yes [ No
i Currently signed in advance of crosswalk? Yes [ No
P Distances? direction 1 475 ft. direction 2 498  |ft.
‘—“: Enhancements: What enhancements are currently at Pedestrian Flasher System, Side Mounted
_E the crossing location?
§ Adjacent Facilities: Distance to nearest marked crosswalk? 820 |t
< What pedestrian control devices are present Traffic Signal
at the nearest adjacent marked crosswalk?
Distance to nearest all-way stop, roundabout or signalized intersection 820 |ft
Could another location serve the same pedestrian crossing movement? [ Yes No
Could another location serve the the movement more effectively? ] Yes No

Developed by Bolton & Menk, Inc. incoosdination with the Local Road Research Board. Worksheets made without charge and under no circumstances shall be sold by third parties for profit.
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Uncontrolled Pedestrian Crossing

I./L. Data Collection Worksheet

LRRB

Mark the following: site distances and potential conflicts, pavement markings (crosswalk, edge lines, center lines, lane lines, stop lines, and any other
markings), signing, location of lighting units, curb ramps, truncated domes, presence of any other crosswalks or crossing locations parallel to and
nearhy the location being studied, adjacent intersection traffic control, parking, intersection width, lane lengths, shoulder widths, sign placement,
and nearby orgins and destinations .

draw or insert map of location being studied

Signalized Intersection
820ft

»

—

Truncated Domes —
Truncated

-
-
-
-
-
-

[

-

"

B2
IR iREe
Y88 0npyy.,
)
Flashing Beacon
Flashing Beacon

SSD/PedSD Met

Crossing currently signed and marked. Flashing beacons pedestrian actuated.

Notes:
Crossing updated as compared to aerial with flashers, updated markings, and median cut-through.
Sight Distance Calculations: where: defaults:
Stopping sight distance [S5D), ft= 1475t + 1.0?551,13 t = brake reaction time, s 25
Pedestrian sight distance (PedSD), ft = 1.475(L/ 5, +t) a = deceleration rate, ft/s’ 11.2
S, = average pedestrian walking speed, ft/s 35
a0

where: 5 = design speed, mph t, = pedestrian start-up and end clearance time, s

L = length of crossing, ft

Page 2 of 2
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Uncontrolled Pedestrian Crossing

mﬁ Data Collection Worksheet
Location: Example 6 Date:
City, State: Scenario: Noon Weekday, Staged Crossing
Reviewer(s): Agency:
Project #: 1D #:
The first step in understanding the pedestrian needs at a potential crossing location is completing
a review of the location and adjacent facilities.
Crossing Length: Measure the crossing distance from curb to curb. Crossing 1 50 ft
Fill in Crossing 1 distance if there is no median. If there is a median at the Crossing 2 60 ft.
crossing location, fillin Crossing 1 and 2 distances
Median: width of median at crossing location 8 ft.
Crossing Width: effective crosswalk width 6 ft.
Raised Median Available? Yes [] No
" ADA Compliant Median Available (minimum 4' x 4' landing)? [ Yes [4 No
§ Curb Ramps Available? Yes [ No
E ADA Compliant Curb Ramp Awvailable (width, grades, truncated domes)? [ Yes No
$ Speed: Posted or 85" percentile speed 40 mph
@ Roadway Curvature and Sight Distances: Average walking speed 5.6 ft/s
Is the crossing location within a horizontal or vertical curve? O ves [0 No
Equations to calculate the following are located on the next page
Direction 1: Stopping Sight Distance [S5D) 3m ft. provided? Yes [ No
Direction 2: Stopping Sight Distance (SSD) 301 |ft. provided? Yes [ No
Direction 1: Pedestrian Sight Distance (PedSD) 701 ft. provided? Yes [] No
Direction 2: Pedestrian Sight Distance (PedSD) 806 ft. provided? [[] Yes [] No
Trafficand Measure traffic and pedestrian volume in 15-minute increments on the roadway to be crossed.
Pedestrian Attach Counts vehicles: Daily| 8,900 pedestrians: Daily
. AM Peak Hourly Pk 15-min Hourly Pk 15-min
PM Peak Hourly 632 Pk 15-min 252 Hourly 29 Pk 15-min 16
Lighting:
Is street lighting present and does it light the crosswalk location? Yes [ No
Crosswalk Pavement Markings: Is the pedestrian crossing currently marked? [0 Yes [ MNo
What is the condition of the markings? [] Excellent Good [] Fair [] Poor
s Are the markings easily defined? Yes [ No
:‘{E Do they need replacement? ] Yes No
% What is the crosswalk marking pattern? I Continental
g Signing: Currently signed at crosswalk? Yes [ No
i Currently signed in advance of crosswalk? Yes [ No
P Distances? direction 1 475 ft. direction 2 498  |ft.
‘—“: Enhancements: What enhancements are currently at Pedestrian Flasher System, Side Mounted
_E the crossing location?
§ Adjacent Facilities: Distance to nearest marked crosswalk? 820 |t
< What pedestrian control devices are present Traffic Signal
at the nearest adjacent marked crosswalk?
Distance to nearest all-way stop, roundabout or signalized intersection 820 |ft
Could another location serve the same pedestrian crossing movement? [ Yes No
Could another location serve the the movement more effectively? ] Yes No

Developed by Bolton & Menk, Inc. incoosdination with the Local Road Research Board. Worksheets made without charge and under no circumstances shall be sold by third parties for profit.
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Safety Review
No pedestrian crashes at the location within last ten years. There were five rear-end crashes and

22 crashes over the last ten years. Motorists may not be seeing the pedestrians until too late. The
pedestrian crossing flashers were recently installed so data may indicate need before flashers
were installed.

SSD, PedSD Calculation

SSD = 301 ft
PedSDypstagea = 1,415 ft
PedSDgz = 701 ft
PedSDyp = 806 ft

The SSD is met for this crossing. PedSD is not, unless it becomes a staged crossing.

HCM Analysis

No yielding rate available for pedestal mounted flashing beacons on a multi-lane highway, but
there is likely some yielding. For purposes of this analysis, it is estimated to be 25%, one half the
yield rate of overhead beacons.

Midday Peak Hour
Yield Rate = 25% (Flashing Beacons)
Delay => 10000 sec = LOS F

Result: Unacceptable Service Level, go to step 6 of the evaluation flowchart.

Review Origins and Destinations, Alternate Routes
Alternative routing not considered since it is important enough based on the presence of
pedestrian flasher system that was just recently installed.

Go to step 7 of the evaluation flowchart.

Access Spacing and Functional Classification
The crossing is not located in a signalized corridor.

Speed and Pedestrian Use
The speed limit is 40 mph.

There were 29 pedestrians during the peak hour.
Go to appropriate Step 9 of evaluation flowchart.

FHWA Safety Guidance
Vehicle ADT < 9,000
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Roadway Type: Multilane with raised median
Speed: 40 mph
Result: P, Marked Crosswalks alone are insufficient

Go to Appropriate Step 11 of evaluation flowchart.

Traffic Calming Treatment Options

Based on the FHWA Safety Guidance, the median is likely to produce some improvement by
shortening the crossing distance and bring it into the P designation versus N designation as far as
safety is concerned. The existing median could be extended. As there is already a median along
the roadway, it is anticipated that extension of the median would have little to no effect on
motorist yielding. Additionally, due to the multi-lane facility, overhead beacons could provide
additional benefit.

Repeat Step 4 of the Evaluation Flowchart.
Delay = 57 sec = LOS F

Result: Unacceptable Service Level. Still LOS F, but delay reduced substantially.

An option would be to replace the beacons with RRFBs if you are already thinking of installing
overhead beacons.

Repeat Step 4 of the Evaluation Flowchart.

Delay = 13 sec = LOS C
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2010 Highway Capacity Manual (HCM)

Pedestrian Level of Service (LOS) at Uncontrolled Crossing Locations
Intersection and Mid-Block Crossings

Crossing Location: Example 6

Date:

City, State:

Scenario: Unstaged Crossing

Reviewer(s):

Agency:

Project Number:

1D #:

The following is the base information needed to complete the analysis.

If this is a one-stage crossing, use only Crossing 1.

If this is a two-stage crossing, each stage must be evaluated separately using Crossing 1 and Crossing 2.

Crossing 1: South Side

Evaluation Inputs:

L = crosswalk length (ft)

S, = average pedestrian walking speed (ft/s)

t, = pedestrian start-up and end clearance time (s)
\/ = vehicular hourly volume (veh/hr)

U, = pedestrian flow rate (ped/s)

v = vehicular flow rate {veh/s) = V/3600

W, = crosswalk width (ft)

N = number of lanes crossed {Integer)

Crossing 2:

defaults: Input Table:
L= 118
s,= 35 Sy = 5.6
t,= 3.0 t.= 3
V= 632
U, = o* Up= 0.18
v=V/3600 U= 0.280
W.,= 8.0 W, = 6.0
N= INT(L/11) N= 4

*no platooning observed

(only used for two-stage crossings)

Evaluation Inputs:

L = crosswalk length (ft)

S, = average pedestrian walking speed (ft/s)

t, = pedestrian start-up and end clearance time (s)
V = vehicular hourly volume (veh/hr)

U, = pedestrian flow rate (ped/s)

v = vehicular flow rate (veh/s) = V/3600

W, = crosswalk width (ft)

N = number of lanes crossed (Integer)

Crossing Treatment Yield Rate

M,, = motorist yield rate (decimal)

Entering data into the tables above will populate the evaluation tables in Microsoft Excel.

Results:

Average Delay
LOS

defaults: Input Table:
S,= 35 S, =
t,= 3.0 t,=
\ =
Uy, = 0* Vp=
U= V/3600 OE
W, = 8.0 W, =
*no platooning observed
Input Table:
M, = 25%
RAEHFBHERE
F
Inputs and Results Page 2 of 5

Developed by Bolton Menk, Inc.
for the Local Road Research Board.
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Uncontrolled Pedestrian Crossing Level of Service
Evaluation Worksheet

LRRB
Crossing Location: Example 6 Date:
City, State: Scenario:
Reviewer(s): Agency:
Step 1: Identify Is there a median available for a two-stage crossing? [7] yes [ No
Two-5Stage If yes, does the median refuge meet ADA requirements (4' x 4' landing)? [ Yes No
Crossings If yes, does the median refuge need to meet ADA requirements (4" x 4' landing)? Yes [] No
Critical headway is the time below which a pedestrian will not attempt to begin crossing the street. Pedestrians use
judgement to determine whether the available headway is sufficent for a safe crossing.
For a single pedestrian: where:t. = critical headway for a single pedestrian (s)
t = L t, L = crosswalk length (ft)
Sy S, = average pedestrian walking speed (ft/s)
crossing 1 crossing 2 t, = pedestrian start-up and end clearance time (s)
L=| 118 t.= 3] L= t= S,=3.5ft/s
S,=| 5.6 t.=| 24.1] §;= t. = t, =3 sec
If pedestrian platooning is observed, the spatial distribution of pedestrians should be computed:
1. use field observations or estimate platoon size using equation:
_ v o Vsle 4 eV where: N = total number of pedestrians in crossing platoon
T w,tv)e (ped)
Step 2: Uy = pedestrian flow rate (ped/s)
. crossing 1 crossing 2 1 = vehicular flow rate across crossing (veh/s)
EﬁtiraT:_'n:adway vp=| 0.18 t.= 241 Up= t.= L. = single pedestrian critical headway (s)
v=| 0.28 N.=| 331 v= N.=
2. compute spatial distribution:
N = 8.0(N.-1) ] where: Ny = spatial distributions of pedestrians (ped)
P Int W, +1 N, = total number of pedestrians in crossing platoon
(ped)
crossing 1 crossing 2 W, = crosswalk width (ft)
N.=| 331 N, = 8.0 = default clear width used by a single pedestrian
W, = 6 N, :l 440| W, = N, :[— to avoid interference with other pedestrians (ft)

clear width, if other than Szl:lft.

where: t.g = group critical headway (s)

3. compute group critical headway:

t.g=t. +2(N-1
oo = t+ 2(Ny-1) t. = single pedestrian critical headway (s)

crossing 1 crossing 2 Np = spatial distributions of pedestrians (ped)
N,=| 440 N, =
t.=| 24.1 ts=| 202] t.= t.g=

Step 3: Estimate
Probability of a
Delayed
Crossing

Probability that a pedestrian will not incur any crossing delay is equal to the likelihood that a pedestrian will
encounter a gap greater than or equal to the critical headway immediately upon arrival at the intersection.

where: Py = probability of blocked lane

P.=1 _e"e,z:‘-’fu
b P4 = probability of delayed crossing
N = number of lanes crossed
Py=1-(1-P,)" L . )
t.c = group critical headway (s) =t if no platooning
crossing 1 crossing 2 v = vehicular flow rate across crossing(veh/s)
teec=| 902 te=
=| 0.28 Py, = 1] v= P, =
= 4 Pd = 1 = Pd =

Calculations Sheet 1 Page 3 of 5
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4

LRRB

Uncontrolled Pedestrian Crossing Level of Service
Evaluation Worksheet

Step 4: Calculate
Average Delay
to Wait for
Adequate Gap

Average delay assumes that no motor vehicles yield and the pedestrian is forced to wait for an adequate gap.

1 where:  d, = average pedestrian gap delay (s)
dg=_l{e‘vte,r._,utts_1} 4 -
y t.g = group critical headway (s)
crossing 1 crossing 2 v = vehicular flow rate across crossing (veh/s)
tc=| 902.1 tc=
v= 028] d,=| 264110 v= d, =|
Average delay for a pedestrian who is unable to cross immediately upon reaching the intersection
(e.g., any pedestrian experiencing nonzero delay.)
do. = d‘ where:  d,4 = average gap delay for pedestrians who incur
& Py nonzero delay
crossing 1 crossing 2 d, = average pedestrian gap delay (s)
ds =| HHHHH ds = P4 = probability of a delayed crossing
P, = 1| dy=[2e+110] Py= dya =

Step 5: Estimate
Delay Reduction
due to Yielding
Vehicles

(If yielding is
zero, then skip

When a pedestrian arrives at a crossing and finds an inadequate gap, that pedestrian is delayed until one of two
situations occurs: (a) a gap greater than the critical headway is available, or (b) motor vehicles yield and allow the
pedestrian to cross. While motorists are legally required to stop for crossing pedestrians in MN at all marked crossings
and either marked or unmarked crossings at intersections, motorist yield rates actually vary considerably.

Some crossing treatments and yield rates based on research are provided on the next page.
Average pedestrian delay where: d; = average pedestrian delay (s)
d = = " 1 = crossing event (1=1to 7.)
P Z_hh" 0.5)(Y;) + (Py- Z"F)[Yindxd fi = average headway for each through lane = N/
= = F(Y';) = probability that motorists yield to

crossing 1 crossing 2 pedestrian on crossing event 1
h =| 14.'%' n=| 1E+109| h =| HiiH# | 1 =| HHEHHE [ = Int{dgg/h), average number of crossing
d, =| #iiHH d,, =| ##### |events before an adequate gap is available, >0
P P

7 = crossing event (7=0to 1-1)
P(Y';) = probability that motorists yield to

1. One-Lane Crossing

P(Y ;)= PgM,,(1-M,) "

pedestrian on crossing event 7

step 5) 2. Two-Lane Crossing M., = motorist yield rate (decimal) My, = 25%
it a3 ) p Zag 2
P(Y7) = 2P,(1-P,)M,+1P, M, Yo)=p, - (2P = Polte,) + (P71, 7))
(L—lrl b(1-Py) y b Wiy P(u}, Py ;ZUP(K) | P |
3. Three-Lane Crossing
=1 3py 3 2 z 2
PM2 4 3P (1 - P)ME) + 3P, (1 — PL)*M. Summary
P(Y3)= (P ) Pyl s 22 2 %)
e FZU i Py Average | auananii
4. Four-Lane Crossing LOS F
i-1 g 4 3 3 z 2ay T 3
_ Pyt 4 4P 1 = PMLY) + 6P (1 = P MLE) 4 4P, (1 — PLYM,,
P{Yﬂ - [Pd_;P(‘{j])]‘l b My b bIMy :ﬂ b. ¥ b b J!l
LOS |Control Delay (sec/ped) Comments
Step 6: Calculate
Avel:a o A 0-5 Usually no conflicting traffic
dep:rian e B 5-10 Occasionally some delay due to conflicting traffic
&-Dentermine 3y C 10-20 Delay noticeable to pedestrians, but not inconvienencing
LOS D 20-30 Delay noticeable/irritating, increased chance of risk-taking
E 30-45 Delay approaches tolerance level, risk-taking likely
F >45 Delay exceeds tolerance level, high chance of risk-taking
Calculations Sheet 2 Page 4 of 5

Developed by Bolton Menk, Inc.
for the Local Road Research Board
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2010 Highway Capacity Manual (HCM)
Pedestrian Level of Service (LOS) at Uncontrolled Crossing Locations
Intersection and Mid-Block Crossings

Crossing Location: Example 6 Date:

City, State: Scenario:  Staged Crossing, Overhead Beacons
Reviewer(s): Agency:

Project Number: D #:

The following is the base information needed to complete the analysis.
If this is a one-stage crossing, use only Crossing 1.
If this is a two-stage crossing, each stage must be evaluated separately using Crossing 1 and Crossing 2.

Crossing 1: West

Evaluation Inputs: defaults: Input Table:

L = crosswalk length (ft) L= 50

S, = average pedestrian walking speed (ft/s) Sp= 3.5 S, = 5.6

t, = pedestrian start-up and end clearance time (s) t.= 3.0 t= 3

\/ = vehicular hourly volume (veh/hr) V= 316

U, = pedestrian flow rate (ped/s) U, = 0* Up= 0,18

v = vehicular flow rate {veh/s) = V/3600 v=V/3600 U= 0.280

W, = crosswalk width (ft) W, = 8.0 W, = 6.0

N = number of through lanes crossed (Integer) N=INT(L/11) N= 2
*no platocning obsarved

Crossing 2: East {only used for two-stage crossings)

Evaluation Inputs: defaults: Input Table:

L = crosswalk length (ft) L= 60

S, = average pedestrian walking speed (ft/s) Sp= 35 5, = 6

t, = pedestrian start-up and end clearance time (s) t.= 3.0 t= 3

V = vehicular hourly volume (veh/hr) V= 316

U, = pedestrian flow rate (ped/s) Uy, = 0* Up= 0.18

v = vehicular flow rate (veh/s) = V/3600 U= V/3600 U= 0.28

W, = crosswalk width (ft) W, = 8.0 W, = 6.0

N = number of through lanes crossed (Integer) N=INT(L/11} N= 2
*no platooning observed

Crossing Treatment Yield Rate Input Table:

M., = motorist yield rate (decimal) M, = 47%

Entering data into the tables above will populate the evaluation tables in Microsoft Excel.

Results:
Average Delay 57.2
LOS F
Inputs and Results Page 2 of 5
Developed by Bolton Menk, Inc.
for the Local Road Research Board. HCM Evaluation Worksheet

168



4

Uncontrolled Pedestrian Crossing Level of Service
Evaluation Worksheet

LRRB
Crossing Location: Example 6 Date:
City, State: Scenario:  Staged Crossing with Overhead Beacons
Reviewer(s): Agency:
Step 1: Identify Is there a median available for a two-stage crossing? [7] yes [ No
Two-5Stage If yes, does the median refuge meet ADA requirements (4' x 4' landing)? [ Yes No
Crossings If yes, does the median refuge need to meet ADA requirements (4" x 4' landing)? Yes [] No
Critical headway is the time below which a pedestrian will not attempt to begin crossing the street. Pedestrians use
judgement to determine whether the available headway is sufficent for a safe crossing.
For a single pedestrian: where:t. = critical headway for a single pedestrian (s)
t = L t, L = crosswalk length (ft)
Sy S, = average pedestrian walking speed (ft/s)
crossing 1 crossing 2 t, = pedestrian start-up and end clearance time (s)
L= 50 t.= 3] L= 60 t= 3 S,=3.5ft/s
S,=| 5.6 t.=| 11.9] §,=| 56 t.=| 13.7 t,=3sec
If pedestrian platooning is observed, the spatial distribution of pedestrians should be computed:
1. use field observations or estimate platoon size using equation:
_ v o Vsle 4 eV where: N = total number of pedestrians in crossing platoon
T w,tv)e (ped)
Step 2: Uy = pedestrian flow rate (ped/s)
. crossing 1 crossing 2 1 = vehicular flow rate across crossing (veh/s)
De:tfzrmme vUp=| 0.18 t.=| 11.9| v,=| 0.18 t.=| 13.7]|t = single pedestrian critical headway (s)
Critical Headway P ¢ P ¢ .
v=| 0.28 N.=| 11.1] v=| 0.28 N.=| 18.3
2. compute spatial distribution:
N = 8.0(N.-1) ] where: Ny = spatial distributions of pedestrians (ped)
P Int W, +1 N, = total number of pedestrians in crossing platoon
(ped)
crossing 1 crossing 2 W, = crosswalk width (ft)
N.=| 11.1 N.=| 183 8.0 = default clear width used by a single pedestrian
W, = 6 N, :l 14| W, = 6 N, :W to avoid interference with other pedestrians (ft)

clear width, if other than 8:|:|1"t.

where: t.g = group critical headway (s)

3. compute group critical headway:

t.g=t. +2(N-1
oo = t+ 2(Ny-1) t. = single pedestrian critical headway (s)

crossing 1 crossing 2 Np = spatial distributions of pedestrians (ped)
N,=| 14 N,=| 24
t.=| 11.9 tg=| 37.9] t.=| 13.7] ¢t g=| 59.7

Step 3: Estimate
Probability of a
Delayed
Crossing

Probability that a pedestrian will not incur any crossing delay is equal to the likelihood that a pedestrian will
encounter a gap greater than or equal to the critical headway immediately upon arrival at the intersection.

where: Py = probability of blocked lane

P.=1 _e"e,z:‘-’fu
b P4 = probability of delayed crossing
N = number of lanes crossed
Py=1-(1-P,)" L . )
t.c = group critical headway (s) =t if no platooning
crossing 1 crossing 2 v = vehicular flow rate across crossing(veh/s)
tec=| 37.9 t.c=| 59.7
=| 0.28 Py, = 1] v=| 028 P, = 1
= 2 Pd = 1 N = 2 Pd = 1

Calculations Sheet 1 Page 3 of 5

Developed by Bolton Menk, Inc.

for the Local Road Research Board
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4

LRRB

Uncontrolled Pedestrian Crossing Level of Service
Evaluation Worksheet

Average delay assumes that no motor vehicles yield and the pedestrian is forced to wait for an adequate gap.

1 where:  d, = average pedestrian gap delay (s)
dy = (€' - Ut - 1) ¢ -
) y t.s = group critical headway (s)
crossing 1 crossing 2 v = vehicular flow rate across crossing (veh/s)
Step 4: Calculate| t. g=| 37.93 t.g=| 59.71
Average Delay v=| 028 d,=|146193| v=| 028] d,=| 7E+07
to Wait for Average delay for a pedestrian who is unable to cross immediately upon reaching the intersection
Adequate Gap (e.g., any pedestrian experiencing nonzero delay.)
do. = d‘ where:  d,4 = average gap delay for pedestrians who incur
& Py nonzero delay
crossing 1 crossing 2 d, = average pedestrian gap delay (s)
d, =| 1E+05 d; =| 7E+07 P4 = probability of a delayed crossing
P, = 1| dy=[146196] Py= 1| dy=[ 7E+07

Step 5: Estimate
Delay Reduction
due to Yielding
Vehicles

(If yielding is
zero, then skip

When a pedestrian arrives at a crossing and finds an inadequate gap, that pedestrian is delayed until one of two
situations occurs: (a) a gap greater than the critical headway is available, or (b) motor vehicles yield and allow the
pedestrian to cross. While motorists are legally required to stop for crossing pedestrians in MN at all marked crossings
and either marked or unmarked crossings at intersections, motorist yield rates actually vary considerably.

Some crossing treatments and yield rates based on research are provided on the next page.
Average pedestrian delay where: d; = average pedestrian delay (s)
d = = " 1 = crossing event (1=1to 7.)
P Z_hh" 0.5)(Y;) + (Py- Z"F)[Yindsd fi = average headway for each through lane = N/
= = F(Y';) = probability that motorists yield to

crossing 1 crossing 2 pedestrian on crossing event 1
h =| 7.1 | n=| 20467 h =| ?.‘142| n = SE+06[r = Int{d,y/h), average number of crossing
dp = 28.4 dp = 28.7|events before an adequate gap is available, >0

7 = crossing event (7=0to 1-1)
P(Y';) = probability that motorists yield to

1. One-Lane Crossing

P(Y ;)= PgM,,(1-M,) "

pedestrian on crossing event 7

step 5) 2. Two-Lane Crossing M., = motorist yield rate (decimal) My, = 47%
i=1 » 2 2
P(Y) = - 2pg 2 Yi=lp _ [(2rr —Podbty) + (7M7)
(Hrl 2Py(1-Pp)M,+1P,"M,, P(»}’ Py Zp(s;) l o |
3. Three-Lane Crossing
=1 3py 3 2 z 2
PM2 4 3P (1 - P)ME) + 3P, (1 — PL)*M. Summa
P(Yo)= 1pa- Pyt 3R L P, WL P My, i
=0 d Average 57.2
4. Four-Lane Crossing LOS F
i-1 g 4 3 3 z 2ay T 3
_ Pyt 4 4P 1 = PMLY) + 6P (1 = P MLE) 4 4P, (1 — PLYM,,
P{Yﬂ - [Pd_;P(‘{j])]‘l b My b bIMy :ﬂ b. ¥ b b J!l
LOS |Control Delay (sec/ped) Comments
Step 6: Calculate
Avel:a o A 0-5 Usually no conflicting traffic
depjrian e B 5-10 Occasionally some delay due to conflicting traffic
&-De“termine 3y C 10-20 Delay noticeable to pedestrians, but not inconvienencing
LOS D 20-30 Delay noticeable/irritating, increased chance of risk-taking
E 30-45 Delay approaches tolerance level, risk-taking likely
F >45 Delay exceeds tolerance level, high chance of risk-taking
Calculations Sheet 2 Page 4 of 5

Developed by Bolton Menk, Inc.
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2010 Highway Capacity Manual (HCM)
Pedestrian Level of Service (LOS) at Uncontrolled Crossing Locations
Intersection and Mid-Block Crossings

Crossing Location: Example 6 Date:

City, State: Scenario:  Staged Crossing, Overhead RRFBs
Reviewer(s): Agency:

Project Number: D #:

The following is the base information needed to complete the analysis.
If this is a one-stage crossing, use only Crossing 1.
If this is a two-stage crossing, each stage must be evaluated separately using Crossing 1 and Crossing 2.

Crossing 1: West

Evaluation Inputs: defaults: Input Table:

L = crosswalk length (ft) L= 50

S, = average pedestrian walking speed (ft/s) Sp= 3.5 S, = 5.6

t, = pedestrian start-up and end clearance time (s) t.= 3.0 t= 3

\/ = vehicular hourly volume (veh/hr) V= 316

U, = pedestrian flow rate (ped/s) U, = 0* Up= 0,18

v = vehicular flow rate {veh/s) = V/3600 v=V/3600 U= 0.280

W, = crosswalk width (ft) W, = 8.0 W, = 6.0

N = number of through lanes crossed (Integer) N=INT(L/11) N= 2
*no platocning obsarved

Crossing 2: East {only used for two-stage crossings)

Evaluation Inputs: defaults: Input Table:

L = crosswalk length (ft) L= 60

S, = average pedestrian walking speed (ft/s) Sp= 35 5, = 6

t, = pedestrian start-up and end clearance time (s) t.= 3.0 t= 3

V = vehicular hourly volume (veh/hr) V= 316

U, = pedestrian flow rate (ped/s) Uy, = 0* Up= 0.18

v = vehicular flow rate (veh/s) = V/3600 U= V/3600 U= 0.28

W, = crosswalk width (ft) W, = 8.0 W, = 6.0

N = number of through lanes crossed (Integer) N=INT(L/11} N= 2
*no platooning observed

Crossing Treatment Yield Rate Input Table:

M., = motorist yield rate (decimal) M, = 84%

Entering data into the tables above will populate the evaluation tables in Microsoft Excel.

Results:
Average Delay 13.1
LOS C
Inputs and Results Page 2 of 5
Developed by Bolton Menk, Inc.
for the Local Road Research Board. HCM Evaluation Worksheet
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Uncontrolled Pedestrian Crossing Level of Service
Evaluation Worksheet

LRRB
Crossing Location: Example 6 Date:
City, State: Scenario: Staged Crossing with Overhead RRFBs
Reviewer(s): Agency:
Step 1: Identify Is there a median available for a two-stage crossing? [7] yes [ No
Two-5Stage If yes, does the median refuge meet ADA requirements (4' x 4' landing)? [ Yes No
Crossings If yes, does the median refuge need to meet ADA requirements (4" x 4' landing)? Yes [] No
Critical headway is the time below which a pedestrian will not attempt to begin crossing the street. Pedestrians use
judgement to determine whether the available headway is sufficent for a safe crossing.
For a single pedestrian: where:t. = critical headway for a single pedestrian (s)
t = L t, L = crosswalk length (ft)
Sy S, = average pedestrian walking speed (ft/s)
crossing 1 crossing 2 t, = pedestrian start-up and end clearance time (s)
L= 50 t.= 3] L= 60 t= 3 S,=3.5ft/s
S,=| 5.6 t.=| 11.9] §,=| 56 t.=| 13.7 t,=3sec
If pedestrian platooning is observed, the spatial distribution of pedestrians should be computed:
1. use field observations or estimate platoon size using equation:
_ v o Vsle 4 eV where: N = total number of pedestrians in crossing platoon
T w,tv)e (ped)
Step 2: Uy = pedestrian flow rate (ped/s)
. crossing 1 crossing 2 1 = vehicular flow rate across crossing (veh/s)
De:tfzrmme vUp=| 0.18 t.=| 11.9| v,=| 0.18 t.=| 13.7]|t = single pedestrian critical headway (s)
Critical Headway P ¢ P ¢ .
v=| 0.28 N.=| 11.1] v=| 0.28 N.=| 18.3
2. compute spatial distribution:
N = 8.0(N.-1) ] where: Ny = spatial distributions of pedestrians (ped)
P Int W, +1 N, = total number of pedestrians in crossing platoon
(ped)
crossing 1 crossing 2 W, = crosswalk width (ft)
N.=| 11.1 N.=| 183 8.0 = default clear width used by a single pedestrian
W, = 6 N, :l 14| W, = 6 N, :W to avoid interference with other pedestrians (ft)

clear width, if other than 8:|:|1"t.

where: t.g = group critical headway (s)

3. compute group critical headway:

t.g=t. +2(N-1
oo = t+ 2(Ny-1) t. = single pedestrian critical headway (s)

crossing 1 crossing 2 Np = spatial distributions of pedestrians (ped)
N,=| 14 N,=| 24
t.=| 11.9 tg=| 37.9] t.=| 13.7] ¢t g=| 59.7

Step 3: Estimate
Probability of a
Delayed
Crossing

Probability that a pedestrian will not incur any crossing delay is equal to the likelihood that a pedestrian will
encounter a gap greater than or equal to the critical headway immediately upon arrival at the intersection.

where: Py = probability of blocked lane

P.=1 _e"e,z:‘-’fu
b P4 = probability of delayed crossing
N = number of lanes crossed
Py=1-(1-P,)" L . )
t.c = group critical headway (s) =t if no platooning
crossing 1 crossing 2 v = vehicular flow rate across crossing(veh/s)
tec=| 37.9 t.c=| 59.7
=| 0.28 Py, = 1] v=| 028 P, = 1
= 2 Pd = 1 N = 2 Pd = 1

Calculations Sheet 1 Page 3 of 5

Developed by Bolton Menk, Inc.
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LRRB

Uncontrolled Pedestrian Crossing Level of Service
Evaluation Worksheet

Average delay assumes that no motor vehicles yield and the pedestrian is forced to wait for an adequate gap.

1 where:  d, = average pedestrian gap delay (s)
dy = (€' - Ut - 1) ¢ -
) y t.s = group critical headway (s)
crossing 1 crossing 2 v = vehicular flow rate across crossing (veh/s)
Step 4: Calculate| t. g=| 37.93 t.g=| 59.71
Average Delay v=| 028 d,=|146193| v=| 028] d,=| 7E+07
to Wait for Average delay for a pedestrian who is unable to cross immediately upon reaching the intersection
Adequate Gap (e.g., any pedestrian experiencing nonzero delay.)
do. = d‘ where:  d,4 = average gap delay for pedestrians who incur
& Py nonzero delay
crossing 1 crossing 2 d, = average pedestrian gap delay (s)
d, =| 1E+05 d; =| 7E+07 P4 = probability of a delayed crossing
P, = 1| dy=[146196] Py= 1| dy=[ 7E+07

Step 5: Estimate
Delay Reduction
due to Yielding
Vehicles

(If yielding is
zero, then skip

When a pedestrian arrives at a crossing and finds an inadequate gap, that pedestrian is delayed until one of two
situations occurs: (a) a gap greater than the critical headway is available, or (b) motor vehicles yield and allow the
pedestrian to cross. While motorists are legally required to stop for crossing pedestrians in MN at all marked crossings
and either marked or unmarked crossings at intersections, motorist yield rates actually vary considerably.

Some crossing treatments and yield rates based on research are provided on the next page.
Average pedestrian delay where: d; = average pedestrian delay (s)
d = = " 1 = crossing event (1=1to 7.)
P Z_hh" 0.5)(Y;) + (Py- Z"F)[Yindsd fi = average headway for each through lane = N/
= = F(Y';) = probability that motorists yield to

crossing 1 crossing 2 pedestrian on crossing event 1
h =| 7.1 | n=| 20467 h =| ?.‘142| n = SE+06[r = Int{d,y/h), average number of crossing
dp = 6.5 dp = 6.6|events before an adequate gap is available, >0

7 = crossing event (7=0to 1-1)
P(Y';) = probability that motorists yield to

1. One-Lane Crossing

P(Y ;)= PgM,,(1-M,) "

pedestrian on crossing event 7

step 5) 2. Two-Lane Crossing M., = motorist yield rate (decimal) My, = 84%
i=1 » 2 2
P(Y) = - 2pg 2 Yi=lp _ [(2rr —Podbty) + (7M7)
(Hrl 2Py(1-Pp)M,+1P,"M,, P(»}’ Py Zp(s;) l o |
3. Three-Lane Crossing
=1 3py 3 2 z 2
PM2 4 3P (1 - P)ME) + 3P, (1 — PL)*M. Summa
PY)= Py peyy) o 20t 3P (LMD T IPCL PIL A
= d Average 13.1
4. Four-Lane Crossing LOS C
i-1 g 4 3 3 z 2ay T 3
_ Pyt 4 4P 1 = PMLY) + 6P (1 = P MLE) 4 4P, (1 — PLYM,,
P{Yﬂ - [Pd_;P(‘{j])]‘l b My b bIMy :ﬂ b. ¥ b b J!l
LOS |Control Delay (sec/ped) Comments
Step 6: Calculate
Avel:a o A 0-5 Usually no conflicting traffic
depjrian e B 5-10 Occasionally some delay due to conflicting traffic
&-De“termine 3y C 10-20 Delay noticeable to pedestrians, but not inconvienencing
LOS D 20-30 Delay noticeable/irritating, increased chance of risk-taking
E 30-45 Delay approaches tolerance level, risk-taking likely
F >45 Delay exceeds tolerance level, high chance of risk-taking
Calculations Sheet 2 Page 4 of 5

Developed by Bolton Menk, Inc.
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Example 7: School Crossing

Site Review
Conduct a field review and take pedestrian/vehicle counts during the peak hours.

Elementary
School

The crossing location is marked and signed as a school crossing with an in-road crossing sign.
There are crossing guards during the times children travel to and from school.

175



Complete Field Review Worksheet.

4

Uncontrolled Pedestrian Crossing

mﬁ Data Collection Worksheet
Location: Example 7 Date:
City, State: Scenario: School Crossing
Reviewer(s): Agency:
Project #: 1D #:
The first step in understanding the pedestrian needs at a potential crossing location is completing
a review of the location and adjacent facilities.
Crossing Length: Measure the crossing distance from curb to curb. Crossing 1 40 ft.
Fill in Crossing 1 distance if there is no median. If there is a median at the Crossing 2 ft.
crossing location, fillin Crossing 1 and 2 distances
Median: width of median at crossing location ft.
Crossing Width: effective crosswalk width 6 ft.
Raised Median Available? ] Yes No
" ADA Compliant Median Available (minimum 4' x 4' landing)? [ Yes [ No
§ Curb Ramps Available? [ Yes No
E ADA Compliant Curb Ramp Awvailable (width, grades, truncated domes)? [ Yes [ MNo
$ Speed: Posted or 85" percentile speed 30 mph
@ Roadway Curvature and Sight Distances: Average walking speed 4.3 ft/s
Is the crossing location within a horizontal or vertical curve? [ Yes No
Equations to calculate the following are located on the next page
Direction 1: Stopping Sight Distance [S5D) 197 ft. provided? Yes [ No
Direction 2: Stopping Sight Distance (SSD) ft. provided? [0 Yes [ Mo
Direction 1: Pedestrian Sight Distance (PedSD) 543 ft. provided? Yes [] No
Direction 2: Pedestrian Sight Distance (PedSD) ft. provided? [ Yes [] No
Trafficand Measure traffic and pedestrian volume in 15-minute increments on the roadway to be crossed.
Pedestrian Attach Counts vehicles: Daily| 5,600 pedestrians: Daily
. AM Peak Hourly 496 Pk 15-min 181 Hourly 9 Pk 15-min 5
PM Peak Hourly 521 Pk 15-min 166 Hourly 6 Pk 15-min 4
Lighting:
Is street lighting present and does it light the crosswalk location? Yes [ No
Crosswalk Pavement Markings: Is the pedestrian crossing currently marked? Yes [] No
What is the condition of the markings? [] Excellent Good [] Fair [] Poor
s Are the markings easily defined? Yes [ No
:‘{E Do they need replacement? ] Yes No
% What is the crosswalk marking pattern? I Continental
g Signing: Currently signed at crosswalk? Yes [ No
i Currently signed in advance of crosswalk? ] Yes No
P Distances? direction 1 ft. direction 2 ft.
‘—“: Enhancements: What enhancements are currently at high visibility markings, in-street signs
_E the crossing location? school crossing guards
§ Adjacent Facilities: Distance to nearest marked crosswalk? | |ft.
< What pedestrian control devices are present
at the nearest adjacent marked crosswalk?
Distance to nearest all-way stop, roundabout or signalized intersection 2000 |ft
Could another location serve the same pedestrian crossing movement? [ Yes No
Could another location serve the the movement more effectively? ] Yes No

Developed by Bolton & Menk, Inc. incoosdination with the Local Road Research Board. Worksheets made without charge and under no circumstances shall be sold by third parties for profit.
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' Uncontrolled Pedestrian Crossing

I{ﬁ Data Collection Worksheet

Mark the following: site distances and potential conflicts, pavement markings (crosswalk, edge lines, center lines, lane lines, stop lines, and any other

markings), signing, location of lighting units, curb ramps, truncated domes, presence of any other crosswalks or crossing locations parallel to and

nearby the location being studied, adjacent intersection traffic control, parking, intersection width, lane lengths, shoulder widths, sign placement,
and nearby orgins and destinations .

draw or insert map of location being studied

SSD/PedSD Met

Thru/Stop Crosswalk

Mo Truncated

Aiignan
-—

School Crosswalk
No Truncated Dome/

SSD/PedSD Met

Notes: Mo Ped Ramps
In Street School Crosing signs and crossing guards.

Sight Distance Calculations: where: defaults:
Stopping sight distance [SSD), ft= 1475t + 1.0?551,&3 L = brake reaction time, s 25
Pedestrian sight distance (PedSD), ft = 1.475(L/ 5, + ) a = decelerztion rate, ft/s’ 112
S, = average pedestrian walking speed, ft/s 35

where: 5 = design speed, mph t, = pedestrian start-up and end clearance time, s a0

L = length of crossing, ft

Page 2 of 2
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Safety Review
No pedestrian crashes at the location within last ten years. There were a total of 3 crashes at this
location over the last ten years, all being rear-end. Likely the result of yielding to pedestrians.

SSD, PedSD Calculation

SSD = 197 ft
PedSD = 543 ft

The SSD and PedSD is met for this crossing.
HCM Analysis

Since the crossing is primarily used by school children, walking speed changed to 3.5 ft/s in
calculations of LOS.

AM Peak Hour
Yield Rate = 86% (Crossing Guards)
Delay = 7.3 sec = LOS B

PM Peak Hour
Yield Rate = 86% (Crossing Guards)
Delay = 7.9 sec = LOS B

Result
Acceptable Level of Service

Consider no changes to the existing crossing as far as treatments. Because there are crossing

guards at the school crossings before and after school, the yield rates and safety are greatly
improved.

One consideration is the addition of pedestrian curb ramps and truncated domes to make the
crossing usable by all.
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2010 Highway Capacity Manual (HCM)
Pedestrian Level of Service (LOS) at Uncontrolled Crossing Locations
Intersection and Mid-Block Crossings

Crossing Location: Example 7 Date:

City, State: Scenario: School Crossing, AM
Reviewer(s): Agency:

Project Number: D #:

The following is the base information needed to complete the analysis.
If this is a one-stage crossing, use only Crossing 1.
If this is a two-stage crossing, each stage must be evaluated separately using Crossing 1 and Crossing 2.

Crossing 1:

Evaluation Inputs: defaults: Input Table:
L = crosswalk length (ft) L= 40
S, = average pedestrian walking speed (ft/s) Sp= 3.5 S, = 3.5
t, = pedestrian start-up and end clearance time (s) t.= 3.0 t= 3
\/ = vehicular hourly volume (veh/hr) V= 496
U, = pedestrian flow rate (ped/s) U, = 0* Up= 0.01
v = vehicular flow rate {veh/s) = V/3600 v=V/3600 U= 0.200
W, = crosswalk width (ft) W, = 8.0 W, = 6.0
N = number of lanes crossed (Integer) N=INT(L/11) N= 2
*no platocning obsarved
Crossing 2: {only used for two-stage crossings)
Evaluation Inputs: defaults: Input Table:
L = crosswalk length (ft) L=
S, = average pedestrian walking speed (ft/s) Sp= 3.5 Sp=
t, = pedestrian start-up and end clearance time (s) t.= 3.0 t =
V = vehicular hourly volume (veh/hr) V=
U, = pedestrian flow rate (ped/s) Uy, = 0* Vp=
v = vehicular flow rate (veh/s) = V/3600 U= V/3600 U=
W, = crosswalk width (ft) W, = 8.0 W, =
N = number of lanes crossed (Integer) N=INT(L/11} N=
*no platooning observed
Crossing Treatment Yield Rate Input Table:
M., = motorist yield rate (decimal) M, = 86%

Entering data into the tables above will populate the evaluation tables in Microsoft Excel.

Results:
Average Delay 7.3
LOS B
Inputs and Results Page 2 of 5
Developed by Bolton Menk, Inc.
for the Local Road Research Board. HCM Evaluation Worksheet
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Uncontrolled Pedestrian Crossing Level of Service
Evaluation Worksheet

LRRB
Crossing Location: Date:
City, State: Scenario:
Reviewer(s): Agency:
Step 1: Identify Is there a median available for a two-stage crossing? [ ves [ No
Two-5Stage If yes, does the median refuge meet ADA requirements (4' x 4' landing)? [ Yes [] No
Crossings If yes, does the median refuge need to meet ADA requirements (4" x 4' landing)? [ Yes [ No
Critical headway is the time below which a pedestrian will not attempt to begin crossing the street. Pedestrians use
judgement to determine whether the available headway is sufficent for a safe crossing.
For a single pedestrian: where:t. = critical headway for a single pedestrian (s)
t = L t, L = crosswalk length (ft)
Sy S, = average pedestrian walking speed (ft/s)
crossing 1 crossing 2 t, = pedestrian start-up and end clearance time (s)
L= 40 t.= 3] L= t= S,=3.5ft/s
S,=| 3.5 t.=| 14.4] §;= t. = t, =3 sec
If pedestrian platooning is observed, the spatial distribution of pedestrians should be computed:
1. use field observations or estimate platoon size using equation:
_ v o Vsle 4 eV where: N = total number of pedestrians in crossing platoon
T w,tv)e (ped)
Step 2: Uy = pedestrian flow rate (ped/s)
. crossing 1 crossing 2 1 = vehicular flow rate across crossing (veh/s)
EﬁtiraT:_'n:adway vp=| 0.01 te=| 14.4] vp= t.= L. = single pedestrian critical headway (s)
v=| 0.2 N.=| 1.41] v= N.=
2. compute spatial distribution:
N = 8.0(N.-1) ] where: Ny = spatial distributions of pedestrians (ped)
P Int W, +1 N, = total number of pedestrians in crossing platoon
(ped)
crossing 1 crossing 2 W, = crosswalk width (ft)
N.=| 1.41 N, = 8.0 = default clear width used by a single pedestrian
W, = 6 N, :l 1| W, = N, :[— to avoid interference with other pedestrians (ft)

clear width, if other than Szl:lft.

where: t.g = group critical headway (s)

3. compute group critical headway:

t.g=t. +2(N-1
oo = t+ 2(Ny-1) t. = single pedestrian critical headway (s)

crossing 1 crossing 2 Np = spatial distributions of pedestrians (ped)
Np = 1 Np =
t=| 144 te=[ 144 t= to=

Step 3: Estimate
Probability of a
Delayed
Crossing

Probability that a pedestrian will not incur any crossing delay is equal to the likelihood that a pedestrian will
encounter a gap greater than or equal to the critical headway immediately upon arrival at the intersection.

where: Py = probability of blocked lane

P.=1 _e"e,z:‘-’fu
b P4 = probability of delayed crossing
N = number of lanes crossed
Py=1-(1-P,)" L . )
t.c = group critical headway (s) =t if no platooning
crossing 1 crossing 2 v = vehicular flow rate across crossing(veh/s)
tee=| 14.4 te=
v=| 0.2 Py=| 0.76| v= P, =
= 2 Pd =| 0.94 = Pd =

Calculations Sheet 1 Page 3 of 5
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Average delay assumes that no motor vehicles yield and the pedestrian is forced to wait for an adequate gap.

dg =;{em"“-'utm -1) where:  d, = average p_eglestrian gap delay (s)
. t.s = group critical headway (s)
crossing 1 crossing 2 v = vehicular flow rate across crossing (veh/s)
Step 4: Calculate| t. g=| 14.43 tc=
Average Delay v= 0.2 ds=| 70.153| v= dI‘:[
to Wait for Average delay for a pedestrian who is unable to cross immediately upon reaching the intersection
Adequate Gap (e.g., any pedestrian experiencing nonzero delay.)
dye :-dL where:  d,4 = average gap delay for pedestrians who incur
Py nonzero delay
crossing 1 crossing 2 d, = average pedestrian gap delay (s)
ds =| 70.15 ds = P4 = probability of a delayed crossing
Pg=| 0944| dy=[ 74.3| Py= dy =|

Step 5: Estimate
Delay Reduction
due to Yielding
Vehicles

(If yielding is
zero, then skip

When a pedestrian arrives at a crossing and finds an inadequate gap, that pedestrian is delayed until one of two
situations occurs: (a) a gap greater than the critical headway is available, or (b) motor vehicles yield and allow the
pedestrian to cross. While motorists are legally required to stop for crossing pedestrians in MN at all marked crossings
and either marked or unmarked crossings at intersections, motorist yield rates actually vary considerably.

Some crossing treatments and yield rates based on research are provided on the next page.
Average pedestrian delay where: d; = average pedestrian delay (s)
d = = " 1 = crossing event (1=1to 7.)
P Z_hh" 0.5)(Y;) + (Py- Z"F)[Yindsd fi = average headway for each through lane = N/
= = F(Y';) = probability that motorists yield to

crossing 1 crossing 2 pedestrian on crossing event 1
h =| ‘lﬂ.ﬂl n= 7l h =| HiiH# | 1 =| HHEHHE [ = Int{dgg/h), average number of crossing
dp = FiR dp =| HHHHHE |events before an adequate gap is available, >0

7 = crossing event (7=0to 1-1)
P(Y';) = probability that motorists yield to

1. One-Lane Crossing

P(Y ;)= PgM,,(1-M,) "

pedestrian on crossing event 7

step 5) 2. Two-Lane Crossing M., = motorist yield rate (decimal) My, = 86%
- . 200 2 )= < [(2A(1 = Pmy) + (P74,
P(i’;l 2Py(1-Pp)M,+1P,"M,, P(};}I Py - Zp(s;) l o |
3. Three-Lane Crossing
=1 3py 3 2 z 2
PM2 4 3P (1 - P)ME) + 3P, (1 — PL)*M. Summa
P(Yi)= Py Payy) (P2t 3P0 (L POM, )+ 3P = oYMy, 4l
= d Average 7.3
4. Four-Lane Crossing LOS B
i=1 ag 4 3.4 _ 3 Zed _p yeap 2 —_p.3
P(Y,)= [Pd—ZPf"n)]‘{Ph M, + 4P (1 - PyM,, )+6P: (1 - Py)*M,%) + 4Py (1 — Py, )MJ,}
=0 L
LOS |Control Delay (sec/ped) Comments
Step 6: Calculate
Avel:a o A 0-5 Usually no conflicting traffic
& . B 5-10 Occasionally some delay due to conflicting traffic
Pedestrian Delay - . - - .
. C 10-20 Delay noticeable to pedestrians, but not inconvienencing
& Determine - — - -
LOS D 20-30 Delay noticeable/irritating, increased chance of risk-taking
E 30-45 Delay approaches tolerance level, risk-taking likely
F >45 Delay exceeds tolerance level, high chance of risk-taking
Calculations Sheet 2 Page 4 of 5

Developed by Bolton Menk, Inc.
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2010 Highway Capacity Manual (HCM)

Pedestrian Level of Service (LOS) at Uncontrolled Crossing Locations
Intersection and Mid-Block Crossings

Crossing Location: Example 7

Date:

City, State:

Scenario:

Reviewer(s):

School Crossing, PM

Agency:

Project Number:

1D #:

The following is the base information needed to complete the analysis.

If this is a one-stage crossing, use only Crossing 1.

If this is a two-stage crossing, each stage must be evaluated separately using Crossing 1 and Crossing 2.

Crossing 1:

Evaluation Inputs:

L = crosswalk length (ft)

S, = average pedestrian walking speed (ft/s)

t, = pedestrian start-up and end clearance time (s)
\/ = vehicular hourly volume (veh/hr)

U, = pedestrian flow rate (ped/s)

v = vehicular flow rate {veh/s) = V/3600

W, = crosswalk width (ft)

N = number of lanes crossed {Integer)

Crossing 2:

defaults: Input Table:
L= 40
s,= 35 Sy = 35
t.= 3.0 = 3
V= 521
U, = 0* Up= 0.00
v=V/3600 U= 0.180
W, = 8.0 W, = 6.0
N= |NT[|_f11‘} N= 2

*no platooning observed

(only used for two-stage crossings)

Evaluation Inputs:

L = crosswalk length (ft)

S, = average pedestrian walking speed (ft/s)

t, = pedestrian start-up and end clearance time (s)
V = vehicular hourly volume (veh/hr)

U, = pedestrian flow rate (ped/s)

v = vehicular flow rate (veh/s) = V/3600

W, = crosswalk width (ft)

N = number of lanes crossed (Integer)

Crossing Treatment Yield Rate

M,, = motorist yield rate (decimal)

Entering data into the tables above will populate the evaluation tables in Microsoft Excel.

Results:

Average Delay
LOS

defaults: Input Table:
L=
Sp= 35 5, =
t. = 3.0 t=
V=
Uy, = 0* Vp=
U= \/3600 U=
W, = 8.0 W, =
*no platooning observed
Input Table:
M, = 86%
7.9
B
Page 2 of 5

Inputs and Results

Developed by Bolton Menk, Inc.
for the Local Road Research Board.
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Uncontrolled Pedestrian Crossing Level of Service
Evaluation Worksheet

LRRB
Crossing Location: Date:
City, State: Scenario:
Reviewer(s): Agency:
Step 1: Identify Is there a median available for a two-stage crossing? [ ves [ No
Two-5Stage If yes, does the median refuge meet ADA requirements (4' x 4' landing)? [ Yes [] No
Crossings If yes, does the median refuge need to meet ADA requirements (4" x 4' landing)? [ Yes [ No
Critical headway is the time below which a pedestrian will not attempt to begin crossing the street. Pedestrians use
judgement to determine whether the available headway is sufficent for a safe crossing.
For a single pedestrian: where:t. = critical headway for a single pedestrian (s)
t = L t, L = crosswalk length (ft)
Sy S, = average pedestrian walking speed (ft/s)
crossing 1 crossing 2 t, = pedestrian start-up and end clearance time (s)
L= 40 t.= 3] L= t= S,=3.5ft/s
S,=| 3.5 t.=| 14.4] §;= t. = t, =3 sec
If pedestrian platooning is observed, the spatial distribution of pedestrians should be computed:
1. use field observations or estimate platoon size using equation:
_ v o Vsle 4 eV where: N = total number of pedestrians in crossing platoon
T w,tv)e (ped)
Step 2: Uy = pedestrian flow rate (ped/s)
. crossing 1 crossing 2 1 = vehicular flow rate across crossing (veh/s)
EﬁtiraT:_'n:adway Vp = 0 t.= 11"! 4 Up= t. L. = single pedestrian critical headway (s)
v=| 0.18 N.=| 1.22] v= N.=
2. compute spatial distribution:
N = 8.0(N.-1) ] where: Ny = spatial distributions of pedestrians (ped)
P Int W, +1 N, = total number of pedestrians in crossing platoon
(ped)
crossing 1 crossing 2 W, = crosswalk width (ft)
N.=| 1.22 N, = 8.0 = default clear width used by a single pedestrian
W, = 6 N, :l 1| W, = N, :[— to avoid interference with other pedestrians (ft)

clear width, if other than Szl:lft.

where: t.g = group critical headway (s)

3. compute group critical headway:

t.g=t. +2(N-1
oo = t+ 2(Ny-1) t. = single pedestrian critical headway (s)

crossing 1 crossing 2 Np = spatial distributions of pedestrians (ped)
Np = 1 Np =
t=| 144 te=[ 144 t= to=

Probability that a pedestrian will not incur any crossing delay is equal to the likelihood that a pedestrian will
encounter a gap greater than or equal to the critical headway immediately upon arrival at the intersection.

where: Py = probability of blocked lane

. Py= 1N . .
Step 3: Estimate P4 = probability of delayed crossing
Probability of a P.=1-(1-P )" N = number of lanes crossed
Delayed d (1-Py) t.c = group critical headway (s) =t if no platooning
Crossing crossing 1 crossing 2 v = vehicular flow rate across crossing(veh/s)
tee=| 14.4 te=
=| 0.18 P,=| 0.73] v= P, =
= 2 Py=| 0.93 = Py=

Calculations Sheet 1 Page 3 of 5
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Step 4: Calculate
Average Delay
to Wait for
Adequate Gap

Average delay assumes that no motor vehicles yield and the pedestrian is forced to wait for an adequate gap.

dg =;{em"“-'ut:5 -1) where:  d, = average p_eglestrian gap delay (s)
. t.s = group critical headway (s)
crossing 1 crossing 2 v = vehicular flow rate across crossing (veh/s)
t.c=| 14.43 teg=
v= 018 d,=| 54601 v= d, =/

Average delay for a pedestrian who is unable to cross immediately upon reaching the intersection
(e.g., any pedestrian experiencing nonzero delay.)

dye :-dL where:  d,4 = average gap delay for pedestrians who incur
Py nonzero delay
crossing 1 crossing 2 d, = average pedestrian gap delay (s)
ds = 546 ds = P4 = probability of a delayed crossing
Pg=| 0.926) dpy=[ 58.995| Py= dy =|

Step 5: Estimate

When a pedestrian arrives at a crossing and finds an inadequate gap, that pedestrian is delayed until one of two
situations occurs: (a) a gap greater than the critical headway is available, or (b) motor vehicles yield and allow the
pedestrian to cross. While motorists are legally required to stop for crossing pedestrians in MN at all marked crossings
and either marked or unmarked crossings at intersections, motorist yield rates actually vary considerably.

Some crossing treatments and yield rates based on research are provided on the next page.
Average pedestrian delay where: d; = average pedestrian delay (s)
d = = " 1 = crossing event (1=1to 7.)
P Z_hh" 0.5)(Y;) + (Py- Z"F)[Yindsd fi = average headway for each through lane = N/
= = F(Y';) = probability that motorists yield to

Delay Reduction crassing 1 crassing 2 pedestrian on crossing event 1
due to Yielding h =| 11.1 | n= s| h =| HH#HE | 70 =| HEEEH e = Int{dy/h), average number of crossing
Vehicles d, = 7.9 dy, =| #4414 |events before an adequate gap is available, >0
1. One-Lane Crossing 7 = crossing event (7=0to 1-1)
(If yielding is . P(Y';) = probability that motorists yield to
yIeeIng s P(Y3)= PyM, (1-M,)"? i : .
zero, then skip pedestrian on crossing event 7
step 5) 2. Two-Lane Crossing M., = motorist yield rate (decimal) My, = 86%
it a0 . p Zag F
P(Y 1) = 2Py(1-P,)M, +1P,*M, ? PLY )= [p = S p()|[GROZ) + (274,
L—lr b(1-Py) y b Wiy b (] Z (%) | P, |
3. Three-Lane Crossing
=1 a0 3 Zq _ z _ z
P(Y)= (P me)” ‘IPb M,” +3P,"(1 - Pp)M,%) + 3Py (1 - Py) Myl Summary
= Pq Average 7.9
4. Four-Lane Crossing LOS B
i-1 g 4 3 3 z 2ay T 3
Pu*Mt 4P 301 - POM) 4 6PLE(1 — PLYIME) + 4P (1 — PLOM
P‘Yt]= [Pd_ZP(Yﬂ)]‘[ b My b1 wIMy) : ( ») M) bl b ) )
=0 L
LOS |Control Delay (sec/ped) Comments
Step 6: Calculate
Avel:a o A 0-5 Usually no conflicting traffic
& . B 5-10 Occasionally some delay due to conflicting traffic
Pedestrian Delay - . - - .
. C 10-20 Delay noticeable to pedestrians, but not inconvienencing
& Determine - — - -
LOS D 20-30 Delay noticeable/irritating, increased chance of risk-taking
E 30-45 Delay approaches tolerance level, risk-taking likely
F >45 Delay exceeds tolerance level, high chance of risk-taking
Calculations Sheet 2 Page 4 of 5

Developed by Bolton Menk, Inc.
for the Local Road Research Board

HCM Evaluation Waorksheet

184



Example 8: Recreational Fields Crossing

Site Review
Conduct a field review and take pedestrian/vehicle counts during the peak hours.

£ 2013 Google

The crossing location is on a four lane roadway with no medians. The studies crossing connects
two schools and recreational facilities to a residential area.
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Complete Field Review Worksheet.

4

Uncontrolled Pedestrian Crossing

mﬁ Data Collection Worksheet
Location: Example 8 Date:
City, State: Scenario:
Reviewer(s): Agency:
Project #: 1D #:
The first step in understanding the pedestrian needs at a potential crossing location is completing
a review of the location and adjacent facilities.
Crossing Length: Measure the crossing distance from curb to curb. Crossing 1 75 ft.
Fill in Crossing 1 distance if there is no median. If there is a median at the Crossing 2 ft.
crossing location, fillin Crossing 1 and 2 distances
Median: width of median at crossing location (4] ft.
Crossing Width: effective crosswalk width 8 ft.
Raised Median Available? ] Yes No
" ADA Compliant Median Available (minimum 4' x 4' landing)? [ Yes [4 No
§ Curb Ramps Available? [ Yes No
E ADA Compliant Curb Ramp Awvailable (width, grades, truncated domes)? [ Yes No
$ Speed: Posted or 85" percentile speed 35 mph
@ Roadway Curvature and Sight Distances: Average walking speed 4.7 ft/s
Is the crossing location within a horizontal or vertical curve? [ Yes No
Equations to calculate the following are located on the next page
Direction 1: Stopping Sight Distance [S5D) 246 ft. provided? Yes [ No
Direction 2: Stopping Sight Distance (SSD) ft. provided? [0 Yes [ Mo
Direction 1: Pedestrian Sight Distance (PedSD) 975 ft. provided? Yes [] No
Direction 2: Pedestrian Sight Distance (PedSD) ft. provided? [ Yes [] No
Trafficand Measure traffic and pedestrian volume in 15-minute increments on the roadway to be crossed.
Pedestrian Attach Counts vehicles: Daily| 8,400 pedestrians: Daily
. AM Peak Hourly 402 Pk 15-min 140 Hourly 3 Pk 15-min 2
PM Peak Hourly 585 Pk 15-min 180 Hourly 4 Pk 15-min 3
Lighting:
Is street lighting present and does it light the crosswalk location? Yes [ No
Crosswalk Pavement Markings: Is the pedestrian crossing currently marked? [ Yes No
What is the condition of the markings? [] Excellent [] Good [] Fair [ Poor
s Are the markings easily defined? [J Yes [J No
:‘{E Do they need replacement? [ Yes [] No
% What is the crosswalk marking pattern? I
g Signing: Currently signed at crosswalk? [ Yes No
i Currently signed in advance of crosswalk? ] Yes No
P Distances? direction 1 ft. direction 2 ft.
‘—“: Enhancements: What enhancements are currently at
_E the crossing location?
§ Adjacent Facilities: Distance to nearest marked crosswalk? | 3,250 |ft.
< What pedestrian control devices are present Traffic Signal

at the nearest adjacent marked crosswalk?

Distance to nearest all-way stop, roundabout or signalized intersection
Could another location serve the same pedestrian crossing movement?
Could another location serve the the movement more effectively?

3,250 |ft.

] Yes No
] Yes No

Developed by Bolton & Menk, Inc. incoosdination with the Local Road Research Board. Worksheets made without charge and under no circumstances shall be sold by third parties for profit.

Page 1 of 2

186



' Uncontrolled Pedestrian Crossing

I{ﬁ Data Collection Worksheet

Mark the following: site distances and potential conflicts, pavement markings (crosswalk, edge lines, center lines, lane lines, stop lines, and any other

markings), signing, location of lighting units, curb ramps, truncated domes, presence of any other crosswalks or crossing locations parallel to and

nearhy the location being studied, adjacent intersection traffic control, parking, intersection width, lane lengths, shoulder widths, sign placement,
and nearby orgins and destinations .

draw or insert map of location being studied

No Truncated
Dome/ Curb Cut

SSD Met, PedSD Not Met

No Truncated Dome/
Curb Cut

Notes: Crossing location currently unmarked and unsigned.
No ped
Sight Distance Calculations: where: defaults:
Stopping sight distance [SSD), ft= 1475t + 1.0?551,‘3 L = brake reaction time, s 25
Pedestrian sight distance (PedSD), ft = 1.475(L/ 5, + ) a = decelerztion rate, ft/s’ 112
S, = average pedestrian walking speed, ft/s 35
where: 5 = design speed, mph t, = pedestrian start-up and end clearance time, s a0

L = length of crossing, ft

Page 2 of 2

187



Safety Review
No pedestrian crashes at the location within last ten years. There was one rear-end crash and 5
crashes over the last ten years. No concerns as related to the pedestrian crossing.

SSD, PedSD Calculation

SSD = 246 ft
PedSD = 975 ft

The SSD and PedSD are met for this crossing.

HCM Analysis

AM Peak Hour
Yield Rate = 0%
Delay = 110 sec = LOS F

PM Peak Hour
Yield Rate = 0%
Delay = 202 sec = LOS F

Review Origins and Destinations, Alternative Routes
Origins and Destinations

The crossing connects a residential area to a school and trails (direct origin-destination). There is
no marked crossing near the studied crossing, so pedestrians must choose the best place to cross.

Alternative Route Analysis

Calculate how much time it would take for a pedestrian to walk to the nearest adjacent marked
crossing, cross the roadway, and return to the location where they started.

This total amount of time will be compared to the average pedestrian delay (average measured
wait time). The nearest marked crossing is located 3,200 ft west of the unmarked crossing.

Because this crossing is so far away, it can be assumed that pedestrians will opt to wait at the
unmarked crossing to cross the roadway.

Access Spacing and Functional Classification
The crossing is not located in a coordinated signalized corridor.

Speed and Pedestrian Use
The speed limit is 35 mph and the population is greater than 10,000.

There were 3 pedestrians during the AM peak hour and 4 pedestrians in the PM peak hour.
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Result: Go to Step 10.

School Crossing

This is a crossing adjacent to two school and could be considered a school crossing if there are
students that use the crossing, go to Step 11, Traffic Calming Treatment Options. Students
were not observed using the crossing during the data collection period.

If it is not a school crossing, go to FHWA Safety Guidance. ADT = 8,200, Multilane without
raised median, 35 mph. Results in P designation, go to Step 11, Traffic Calming Treatment
Options.

Traffic Calming Treatment Options

Based on the existing options, a median with a refuge island or RRFB system with a median
could be considered, but the cost to implement may be unreasonable based on the current
pedestrian use. Overall, the crossing should likely be left alone.

School crossing guards could also be considered if there are children crossing the street before
and after school hours. In which case, the crossing would be signed and marked as a school
crossing, but a median with or without RRFB would also be recommended.

A median with a refuge island could decrease delay to 19.7 sec (LOS C) in the AM peak hour
and 23.9 sec (LOS D) in the PM peak hour.

A median with a refuge island and an RRFB system could decrease delay to 14.8 sec (LOS C) in
the AM peak hour and 14.5 sec (LOS C) in the PM peak hour.
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2010 Highway Capacity Manual (HCM)
Pedestrian Level of Service (LOS) at Uncontrolled Crossing Locations
Intersection and Mid-Block Crossings

Crossing Location: Example 8 Date:

City, State: Scenario: AM Peak Hour
Reviewer(s): Agency:

Project Number: D #:

The following is the base information needed to complete the analysis.
If this is a one-stage crossing, use only Crossing 1.
If this is a two-stage crossing, each stage must be evaluated separately using Crossing 1 and Crossing 2.

Crossing 1:

Evaluation Inputs: defaults: Input Table:
L = crosswalk length (ft) L= 75
S, = average pedestrian walking speed (ft/s) Sp= 3.5 S, = 4.7
t, = pedestrian start-up and end clearance time (s) t.= 3.0 t= 3
\/ = vehicular hourly volume (veh/hr) V= 402
U, = pedestrian flow rate (ped/s) U, = 0* Up= 0.00
v = vehicular flow rate {veh/s) = V/3600 v=V/3600 U= 0.160
W, = crosswalk width (ft) W, = 8.0 W, = 8.0
N = number of through lanes crossed (Integer) N=INT(L/11) N= 4
*no platocning obsarved
Crossing 2: {only used for two-stage crossings)
Evaluation Inputs: defaults: Input Table:
L = crosswalk length (ft) L=
S, = average pedestrian walking speed (ft/s) Sp= 3.5 Sp=
t, = pedestrian start-up and end clearance time (s) t.= 3.0 t =
V = vehicular hourly volume (veh/hr) V=
U, = pedestrian flow rate (ped/s) Uy, = 0* Vp=
v = vehicular flow rate (veh/s) = V/3600 U= V/3600 U=
W, = crosswalk width (ft) W, = 8.0 W, =
N = number of lanes crossed (Integer) N=INT(L/11} N=
*no platooning observed
Crossing Treatment Yield Rate Input Table:
M,, = motorist yield rate (decimal) M, =

Entering data into the tables above will populate the evaluation tables in Microsoft Excel.

Results:
Average Delay 109.9
LOS F
Inputs and Results Page 2 of 5
Developed by Bolton Menk, Inc.
for the Local Road Research Board. HCM Evaluation Worksheet
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Uncontrolled Pedestrian Crossing Level of Service
Evaluation Worksheet

LRRB
Crossing Location: Date:
City, State: Scenario:
Reviewer(s): Agency:
Step 1: Identify Is there a median available for a two-stage crossing? [ ves [ No
Two-5Stage If yes, does the median refuge meet ADA requirements (4' x 4' landing)? [ Yes [] No
Crossings If yes, does the median refuge need to meet ADA requirements (4" x 4' landing)? [ Yes [ No
Critical headway is the time below which a pedestrian will not attempt to begin crossing the street. Pedestrians use
judgement to determine whether the available headway is sufficent for a safe crossing.
For a single pedestrian: where:t. = critical headway for a single pedestrian (s)
t = L t, L = crosswalk length (ft)
Sy S, = average pedestrian walking speed (ft/s)
crossing 1 crossing 2 t, = pedestrian start-up and end clearance time (s)
L= 7 t.= 3 L= t= S,=3.5ft/s
S,=| 4.7 t=| 19| §;= t. = t, =3 sec
If pedestrian platooning is observed, the spatial distribution of pedestrians should be computed:
1. use field observations or estimate platoon size using equation:
_ v o Vsle 4 eV where: N = total number of pedestrians in crossing platoon
T w,tv)e (ped)
Step 2: Uy = pedestrian flow rate (ped/s)
. crossing 1 crossing 2 1 = vehicular flow rate across crossing (veh/s)
EﬁtiraT:_'n:adway Vp = t.= 19] vp= t. L. = single pedestrian critical headway (s)
v=| 0.16 N, = V= N.=
2. compute spatial distribution:
N = 8.0(N.-1) ] where: Ny = spatial distributions of pedestrians (ped)
P Int W, +1 N, = total number of pedestrians in crossing platoon
(ped)
crossing 1 crossing 2 W, = crosswalk width (ft)
N, = N, = 8.0 = default clear width used by a single pedestrian
W, = 8 N, :l W, = N, :[— to avoid interference with other pedestrians (ft)

clear width, if other than Szl:lft.

where: t.g = group critical headway (s)

3. compute group critical headway:

t.g=t. +2(N-1
oo = t+ 2(Ny-1) t. = single pedestrian critical headway (s)

crossing 1 Np = spatial distributions of pedestrians (ped)

crossing 2
N, = N, =

t = 19 t. = t.g=

th=

Step 3: Estimate
Probability of a
Delayed
Crossing

Probability that a pedestrian will not incur any crossing delay is equal to the likelihood that a pedestrian will
encounter a gap greater than or equal to the critical headway immediately upon arrival at the intersection.

where: Py = probability of blocked lane

P.=1 _e"e,z:‘-’fu
b P4 = probability of delayed crossing
N = number of lanes crossed
Py=1-(1-P,)" L . )
t.c = group critical headway (s) =t if no platooning
crossing 1 crossing 2 v = vehicular flow rate across crossing(veh/s)
tes= 19 te=
=| 0.16 Py=| 0.53| v= P, =
= 4 Py=| 0.95 = Py=

Calculations Sheet 1 Page 3 of 5
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LRRB

Uncontrolled Pedestrian Crossing Level of Service
Evaluation Worksheet

Average delay assumes that no motor vehicles yield and the pedestrian is forced to wait for an adequate gap.

1 where:  d, = average pedestrian gap delay (s)
dy = (€' - Ut - 1) ¢ -
) y t.s = group critical headway (s)
crossing 1 crossing 2 v = vehicular flow rate across crossing (veh/s)
Step 4: Calculate| t. q=| 18.96 tc=
Average Delay v 0.16 d, =| 104.56] V= d, =[
to Wait for Average delay for a pedestrian who is unable to cross immediately upon reaching the intersection
Adequate Gap (e.g., any pedestrian experiencing nonzero delay.)
do. = d‘ where:  d,4 = average gap delay for pedestrians who incur
& Py nonzero delay
crossing 1 crossing 2 d, = average pedestrian gap delay (s)
ds =| 104.6 ds = P4 = probability of a delayed crossing
Pg=| 0.952| dpy=[ 109.85| Py= dy =|

Step 5: Estimate
Delay Reduction
due to Yielding
Vehicles

(If yielding is
zero, then skip
step 5)

When a pedestrian arrives at a crossing and finds an inadequate gap, that pedestrian is delayed until one of two
situations occurs: (a) a gap greater than the critical headway is available, or (b) motor vehicles yield and allow the
pedestrian to cross. While motorists are legally required to stop for crossing pedestrians in MN at all marked crossings
and either marked or unmarked crossings at intersections, motorist yield rates actually vary considerably.

Some crossing treatments and yield rates based on research are provided on the next page.
Average pedestrian delay where: d; = average pedestrian delay (s)

- " 1 = crossing event i=1to 71
d, = Zh[’b- U-S]P(Yi]+{Pd-ZP[Yi}]dsd 1. = crossing event (1 0 7)
=1 i=1

fi = average headway for each through lane = N/
F(Y';) = probability that motorists yield to

crossing 1 crossing 2 pedestrian on crossing event 1
h =| | n= h =| | n= 7. = Int(d,y/h), average number of crossing
dp = dp = events before an adequate gap is available, >0

7 = crossing event (7=0to 1-1)
P(Y';) = probability that motorists yield to

1. One-Lane Crossing

P(Y3)= P,M, (1-M,)*" .
* d yl 'y] pedestrian on crossing event
M., = motorist yield rate (decimal) M

P(};}l =|p, - z P(x)

=

2. Two-Lane Crossing

¥

[f'.H‘,.[l =P )M,) + U’nzu;-':}]
[ Py |

P(Y1) = 2P,(1-P, )M, +1P,’M,
i=1
3. Three-Lane Crossing

=1 3py 3 2 z 2
Py M 3P (1—-PpM 3P (1 - Pp)*M
P(Y1]= Py ZP“’H”'l s My + 3P( b; v )+ 3P( b) 7 Summary
=0 d Average 109.9
4. Four-Lane Crossing LOS F
P(Y,)= [Pd—jz‘:‘”“’n)] , [P,,*MJ,‘ +4Py (1 - PyIM,®) + 6P 7 (1 — Py Y M%) + 4Py(1 — P,,-‘)MJ,}
=0 P"
LOS |Control Delay (sec/ped) Comments
Step 6: Calculate
Avel:a o A 0-5 Usually no conflicting traffic
& . B 5-10 Occasionally some delay due to conflicting traffic
Pedestrian Delay - . - - .
. C 10-20 Delay noticeable to pedestrians, but not inconvienencing
& Determine - — - -
LOS D 20-30 Delay noticeable/irritating, increased chance of risk-taking
E 30-45 Delay approaches tolerance level, risk-taking likely
F >45 Delay exceeds tolerance level, high chance of risk-taking
Calculations Sheet 2 Page 4 of 5
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2010 Highway Capacity Manual (HCM)
Pedestrian Level of Service (LOS) at Uncontrolled Crossing Locations
Intersection and Mid-Block Crossings

Crossing Location: Example 8 Date:

City, State: Scenario: PM Peak Hour
Reviewer(s): Agency:

Project Number: D #:

The following is the base information needed to complete the analysis.
If this is a one-stage crossing, use only Crossing 1.
If this is a two-stage crossing, each stage must be evaluated separately using Crossing 1 and Crossing 2.

Crossing 1:

Evaluation Inputs: defaults: Input Table:
L = crosswalk length (ft) L= 75
S, = average pedestrian walking speed (ft/s) Sp= 3.5 S, = 4.7
t, = pedestrian start-up and end clearance time (s) t.= 3.0 t= 3
\/ = vehicular hourly volume (veh/hr) V= 585
U, = pedestrian flow rate (ped/s) U, = 0* Up= 0.00
v = vehicular flow rate {veh/s) = V/3600 v=V/3600 U= 0.200
W, = crosswalk width (ft) W, = 8.0 W, = 8.0
N = number of through lanes crossed (Integer) N=INT(L/11) N= 4
*no platocning obsarved
Crossing 2: {only used for two-stage crossings)
Evaluation Inputs: defaults: Input Table:
L = crosswalk length (ft) L=
S, = average pedestrian walking speed (ft/s) Sp= 3.5 Sp=
t, = pedestrian start-up and end clearance time (s) t.= 3.0 t =
V = vehicular hourly volume (veh/hr) V=
U, = pedestrian flow rate (ped/s) Uy, = 0* Vp=
v = vehicular flow rate (veh/s) = V/3600 U= V/3600 U=
W, = crosswalk width (ft) W, = 8.0 W, =
N = number of through lanes crossed (Integer) N=INT(L/11} N=
*no platooning observed
Crossing Treatment Yield Rate Input Table:
M,, = motorist yield rate (decimal) M, =

Entering data into the tables above will populate the evaluation tables in Microsoft Excel.

Results:
Average Delay 202.2
LOS F
Inputs and Results Page 2 of 5
Developed by Bolton Menk, Inc.
for the Local Road Research Board. HCM Evaluation Worksheet
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4

Uncontrolled Pedestrian Crossing Level of Service
Evaluation Worksheet

LRRB
Crossing Location: Date:
City, State: Scenario:
Reviewer(s): Agency:
Step 1: Identify Is there a median available for a two-stage crossing? [ ves [ No
Two-5Stage If yes, does the median refuge meet ADA requirements (4' x 4' landing)? [ Yes [] No
Crossings If yes, does the median refuge need to meet ADA requirements (4" x 4' landing)? [ Yes [ No
Critical headway is the time below which a pedestrian will not attempt to begin crossing the street. Pedestrians use
judgement to determine whether the available headway is sufficent for a safe crossing.
For a single pedestrian: where:t. = critical headway for a single pedestrian (s)
t = L t, L = crosswalk length (ft)
Sy S, = average pedestrian walking speed (ft/s)
crossing 1 crossing 2 t, = pedestrian start-up and end clearance time (s)
L= 7 t.= 3 L= t= S,=3.5ft/s
S,=| 4.7 t=| 19| §;= t. = t, =3 sec
If pedestrian platooning is observed, the spatial distribution of pedestrians should be computed:
1. use field observations or estimate platoon size using equation:
_ v o Vsle 4 eV where: N = total number of pedestrians in crossing platoon
T w,tv)e (ped)
Step 2: Uy = pedestrian flow rate (ped/s)
. crossing 1 crossing 2 1 = vehicular flow rate across crossing (veh/s)
EﬁtiraT:_'n:adway Vp = t.= 19] vp= t.= L. = single pedestrian critical headway (s)
v=| 0.2 N, = V= N.=
2. compute spatial distribution:
B 8.0(N.-1) where: Ny = spatial distributions of pedestrians (ped)
? 7 Int W, ] +1 N, = total number of pedestrians in crossing platoon
(ped)
crossing 1 crossing 2 W, = crosswalk width (ft)
N, = N, = 8.0 = default clear width used by a single pedestrian
W, = 8 N, :l W, = N, :[— to avoid interference with other pedestrians (ft)

clear width, if other than Szl:lft.

t.s = group critical headway (s}

3. compute group critical headway:

where:
t.g=t. +2(N-1
oo = t+ 2(Ny-1) t. = single pedestrian critical headway (s)

crossing 1 Np = spatial distributions of pedestrians (ped)

crossing 2
N, = N, =

t = 19 t. = t.g=

th=

Step 3: Estimate
Probability of a
Delayed
Crossing

Probability that a pedestrian will not incur any crossing delay is equal to the likelihood that a pedestrian will
encounter a gap greater than or equal to the critical headway immediately upon arrival at the intersection.

P,=1 _e-l‘.‘cuﬂ\l where: Py = probability of blocked lane
P4 = probability of delayed crossing

N = number of lanes crossed

Py=1-(1-p,)" N ) )
d (1-Py) t.c = group critical headway (s) =t if no platooning

crossing 1 crossing 2 v = vehicular flow rate across crossing(veh/s)
tes= 19 te=
v=| 0.2 Py=| 0.61] v= P, =
= 4 Py=| 0.98 = Py=

Calculations Sheet 1 Page 3 of 5
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LRRB

Uncontrolled Pedestrian Crossing Level of Service
Evaluation Worksheet

Average delay assumes that no motor vehicles yield and the pedestrian is forced to wait for an adequate gap.

1 where:  d, = average pedestrian gap delay (s)
dy = (€' - Ut - 1) ¢ -
) y t.s = group critical headway (s)
crossing 1 crossing 2 v = vehicular flow rate across crossing (veh/s)
Step 4: Calculate| t. q=| 18.96 tc=
Average Delay v= 0.2 d, =| 197.65| vs= d, =[
to Wait for Average delay for a pedestrian who is unable to cross immediately upon reaching the intersection
Adequate Gap (e.g., any pedestrian experiencing nonzero delay.)
do. = d‘ where:  d,4 = average gap delay for pedestrians who incur
& Py nonzero delay
crossing 1 crossing 2 d, = average pedestrian gap delay (s)
ds =| 197.7 ds = P4 = probability of a delayed crossing
Pg=| 0.977| dp=[ 202.22] Py= dy =|

Step 5: Estimate
Delay Reduction
due to Yielding
Vehicles

(If yielding is
zero, then skip
step 5)

When a pedestrian arrives at a crossing and finds an inadequate gap, that pedestrian is delayed until one of two
situations occurs: (a) a gap greater than the critical headway is available, or (b) motor vehicles yield and allow the
pedestrian to cross. While motorists are legally required to stop for crossing pedestrians in MN at all marked crossings
and either marked or unmarked crossings at intersections, motorist yield rates actually vary considerably.

Some crossing treatments and yield rates based on research are provided on the next page.
Average pedestrian delay where: d; = average pedestrian delay (s)
d = = " 1 = crossing event (1=1to 7.)
P Z_hh" 0.5)(Y;) + (Py- Z"F)[Yindsd fi = average headway for each through lane = N/
= = F(Y';) = probability that motorists yield to

crossing 1 crossing 2 pedestrian on crossing event 1
h =| | n= h =| | n= 7. = Int(d,y/h), average number of crossing
dp = dp = events before an adequate gap is available, >0

7 = crossing event (7=0to 1-1)
P(Y';) = probability that motorists yield to

1. One-Lane Crossing

P(Y3)= P,M, (1-M,)*" .
* d yl 'y] pedestrian on crossing event
M., = motorist yield rate (decimal) M

P(};}l =|p, - z P(x)

=

2. Two-Lane Crossing

¥

[f'.H‘,.[l =P )M,) + U’nzu;-':}]
[ Py |

P(Y1) = 2P,(1-P, )M, +1P,’M,
i=1
3. Three-Lane Crossing

=1 3py 3 2 z 2
Py M 3P (1—-PpM 3P (1 - Pp)*M
P(Y1]= Py ZP“’H”'l s My + 3P( b; v )+ 3P( b) 7 Summary
=0 d Average 202.2
4. Four-Lane Crossing LOS F
P(Y,)= [Pd—jz‘:‘”“’n)] , [P,,*MJ,‘ +4Py (1 - PyIM,®) + 6P 7 (1 — Py Y M%) + 4Py(1 — P,,-‘)MJ,}
=0 P"
LOS |Control Delay (sec/ped) Comments
Step 6: Calculate
Avel:a o A 0-5 Usually no conflicting traffic
& . B 5-10 Occasionally some delay due to conflicting traffic
Pedestrian Delay - . - - .
. C 10-20 Delay noticeable to pedestrians, but not inconvienencing
& Determine - — - -
LOS D 20-30 Delay noticeable/irritating, increased chance of risk-taking
E 30-45 Delay approaches tolerance level, risk-taking likely
F >45 Delay exceeds tolerance level, high chance of risk-taking
Calculations Sheet 2 Page 4 of 5
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2010 Highway Capacity Manual (HCM)
Pedestrian Level of Service (LOS) at Uncontrolled Crossing Locations
Intersection and Mid-Block Crossings

Crossing Location: Example 8 Date:

City, State: Scenario: AM Peak Hour, Staged, RRFB
Reviewer(s): Agency:

Project Number: D #:

The following is the base information needed to complete the analysis.
If this is a one-stage crossing, use only Crossing 1.
If this is a two-stage crossing, each stage must be evaluated separately using Crossing 1 and Crossing 2.

Crossing 1: south

Evaluation Inputs: defaults: Input Table:

L = crosswalk length (ft) L= 50

S, = average pedestrian walking speed (ft/s) Sp= 3.5 S, = 4.7

t, = pedestrian start-up and end clearance time (s) t.= 3.0 t= 3

\/ = vehicular hourly volume (veh/hr) V= 201

U, = pedestrian flow rate (ped/s) U, = 0* Up= 0.00

v = vehicular flow rate {veh/s) = V/3600 v=V/3600 U= 0.060

W, = crosswalk width (ft) W, = 8.0 W, = 8.0

N = number of lanes crossed (Integer) N=INT(L/11) N= 2
*no platocning obsarved

Crossing 2: north {only used for two-stage crossings)

Evaluation Inputs: defaults: Input Table:

L = crosswalk length (ft) L= 25

S, = average pedestrian walking speed (ft/s) Sp= 35 5, = 5

t, = pedestrian start-up and end clearance time (s) t.= 3.0 t= 3

V = vehicular hourly volume (veh/hr) V= 201

U, = pedestrian flow rate (ped/s) Uy, = 0* Up= 0.00

v = vehicular flow rate (veh/s) = V/3600 U= V/3600 U= 0.060

W, = crosswalk width (ft) W, = 8.0 W, = 8.0

N = number of lanes crossed (Integer) N=INT(L/11} N= 2
*no platooning observed

Crossing Treatment Yield Rate Input Table:

M., = motorist yield rate (decimal) M, = 84%

Entering data into the tables above will populate the evaluation tables in Microsoft Excel.

Results:
Average Delay 14.8
LOS C
Inputs and Results Page 2 of 5
Developed by Bolton Menk, Inc.
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Uncontrolled Pedestrian Crossing Level of Service
Evaluation Worksheet

LRRB
Crossing Location: Date:
City, State: Scenario:
Reviewer(s): Agency:
Step 1: Identify Is there a median available for a two-stage crossing? [ ves [ No
Two-5Stage If yes, does the median refuge meet ADA requirements (4' x 4' landing)? [ Yes [] No
Crossings If yes, does the median refuge need to meet ADA requirements (4" x 4' landing)? [ Yes [ No
Critical headway is the time below which a pedestrian will not attempt to begin crossing the street. Pedestrians use
judgement to determine whether the available headway is sufficent for a safe crossing.
For a single pedestrian: where:t. = critical headway for a single pedestrian (s)
t = L t, L = crosswalk length (ft)
Sy S, = average pedestrian walking speed (ft/s)
crossing 1 crossing 2 t, = pedestrian start-up and end clearance time (s)
L= 50 t.= 3 L= 25 t= 3 S,=3.5ft/s
S,=| 4.7 t.=| 13.6] S,=| 4.7 t.=| 8.32 t,=3sec
If pedestrian platooning is observed, the spatial distribution of pedestrians should be computed:
1. use field observations or estimate platoon size using equation:
_ v o Vsle 4 eV where: N = total number of pedestrians in crossing platoon
T w,tv)e (ped)
Step 2: Uy = pedestrian flow rate (ped/s)
. crossing 1 crossing 2 1 = vehicular flow rate across crossing (veh/s)
EﬁtiraT:_'n:adway Vp = te=| 13.6] vp= t.=| 8.32|1. = single pedestrian critical headway (s)
v =| 0.06 N, = v =| 0.06 N.=
2. compute spatial distribution:
N = 8.0(N.-1) ] where: Ny = spatial distributions of pedestrians (ped)
P Int W, +1 N, = total number of pedestrians in crossing platoon
(ped)
crossing 1 crossing 2 W, = crosswalk width (ft)
N, = N, = 8.0 = default clear width used by a single pedestrian
W, = 8 N, :l W, = 8 N, :[— to avoid interference with other pedestrians (ft)

clear width, if other than Szl:lft.

where: t.g = group critical headway (s)

3. compute group critical headway:

t.g=t. +2(N-1
oo = t+ 2(Ny-1) t. = single pedestrian critical headway (s)

crossing 1 Np = spatial distributions of pedestrians (ped)

crossing 2
N, = N, =

t.=| 13.6 t.=| 832] t,=

th=

Step 3: Estimate
Probability of a
Delayed
Crossing

Probability that a pedestrian will not incur any crossing delay is equal to the likelihood that a pedestrian will
encounter a gap greater than or equal to the critical headway immediately upon arrival at the intersection.

where: Py = probability of blocked lane

P.=1 _e"e,z:‘-’fu
b P4 = probability of delayed crossing
N = number of lanes crossed
Py=1-(1-P,)" L . )
t.c = group critical headway (s) =t if no platooning
crossing 1 crossing 2 v = vehicular flow rate across crossing(veh/s)
tes=| 13.6 tc=| 832
=| 0.06 P,=| 0.24] v=| 0.06 P,=| 0.22
= 2 Py=| 0.56] N= 2 Py=| 0.39

Calculations Sheet 1 Page 3 of 5
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LRRB

Uncontrolled Pedestrian Crossing Level of Service
Evaluation Worksheet

dg =;{em"“-'utm -1) where:  d, = average p_eglestrian gap delay (s)
. t.s = group critical headway (s)
crossing 1 crossing 2 v = vehicular flow rate across crossing (veh/s)
Step 4: Calculate| t. q=| 13.64 t,g=| 8319
Average Delay v= 006 d,=| 7.4723| v=| 0.06| d,=| 2.4695
to Wait for Average delay for a pedestrian who is unable to cross immediately upon reaching the intersection
Adequate Gap (e.g., any pedestrian experiencing nonzero delay.)
dye :-dL where:  d,4 = average gap delay for pedestrians who incur
Py nonzero delay
crossing 1 crossing 2 d, = average pedestrian gap delay (s)
d,=| 7.472 d;=| 2.469 P4 = probability of a delayed crossing
P=| 0.559| dp=[ 13.372] Py=| 0.393| dy=[ 6.2845

Average delay assumes that no motor vehicles yield and the pedestrian is forced to wait for an adequate gap.

Step 5: Estimate
Delay Reduction
due to Yielding
Vehicles

(If yielding is
zero, then skip
step 5)

When a pedestrian arrives at a crossing and finds an inadequate gap, that pedestrian is delayed until one of two
situations occurs: (a) a gap greater than the critical headway is available, or (b) motor vehicles yield and allow the
pedestrian to cross. While motorists are legally required to stop for crossing pedestrians in MN at all marked crossings
and either marked or unmarked crossings at intersections, motorist yield rates actually vary considerably.

Some crossing treatments and yield rates based on research are provided on the next page.
Average pedestrian delay

dy= SR 0.5)P(Y ) + (Pe- 3 PLY i)y
=1 i=1

where: d; = average pedestrian delay (s)
1 = crossing event (1=1to 7.)
fi = average headway for each through lane = N/
F(Y';) = probability that motorists yield to

crossing 1 crossing 2 pedestrian on crossing event 1
h =| %3.%' n= 1l h =| '%3.33| n= 1|7 = Int(d,y/h), average number of crossing
dp = 9.0 dp = 5.8|events before an adequate gap is available, >0

1. One-Lane Crossing 7 = crossing event (7=0to 1-1)

’ P(Y ) = probability that motorists yield to
P(Y;)=P,M, (1-M,)"" ’
Y Y

pedestrian on crossing event 7
M., = motorist yield rate (decimal) My, = 84%

yel, < —PM) + (BM)
P(};}l— Pr_.—ZP(';;) o : }

=

2. Two-Lane Crossing

[(2p1

P(Y1) = 2P,(1-P, )M, +1P,’M, l

i=1
3. Three-Lane Crossing

=1 3py 3 2 z 2
Py M7+ 3P, (1= Py )M, + 3P, (1 — Pp)*M.
P(Y-;] = 1Py ZP“’H” o v My s ( b; y ) w( b) yl Summarv
= d Average 14.8
4. Four-Lane Crossing LOS C
i-1 g 4 3 3 z 2ay T 3
PIMLY 4 aP (1 — POMLT) + 6P (1 — PREMLY) + 4P (1 — PRI
P‘Yt,= [Pd_ZP(Vj])]‘{ b My b ( w)My) s [ 5} My") bl b ) Y,
=0 P“
LOS |Control Delay (sec/ped) Comments
Step 6: Calculate
Avel:a o A 0-5 Usually no conflicting traffic
& . B 5-10 Occasionally some delay due to conflicting traffic
Pedestrian Delay - . - - .
. C 10-20 Delay noticeable to pedestrians, but not inconvienencing
& Determine - — - -
LOS D 20-30 Delay noticeable/irritating, increased chance of risk-taking
E 30-45 Delay approaches tolerance level, risk-taking likely
F >45 Delay exceeds tolerance level, high chance of risk-taking
Calculations Sheet 2 Page 4 of 5
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2010 Highway Capacity Manual (HCM)
Pedestrian Level of Service (LOS) at Uncontrolled Crossing Locations
Intersection and Mid-Block Crossings

Crossing Location: Example 8 Date:

City, State: Scenario: PM, Staged, RRFB
Reviewer(s): Agency:

Project Number: D #:

The following is the base information needed to complete the analysis.
If this is a one-stage crossing, use only Crossing 1.
If this is a two-stage crossing, each stage must be evaluated separately using Crossing 1 and Crossing 2.

Crossing 1: south

Evaluation Inputs: defaults: Input Table:

L = crosswalk length (ft) L= 50

S, = average pedestrian walking speed (ft/s) Sp= 3.5 S, = 4.7

t, = pedestrian start-up and end clearance time (s) t.= 3.0 t= 3

\/ = vehicular hourly volume (veh/hr) V= 292

U, = pedestrian flow rate (ped/s) U, = 0* Up= 0.00

v = vehicular flow rate {veh/s) = V/3600 v=V/3600 U= 0.080

W, = crosswalk width (ft) W, = 8.0 W, = 8.0

N = number of lanes crossed (Integer) N=INT(L/11) N= 2
*no platocning obsarved

Crossing 2: north {only used for two-stage crossings)

Evaluation Inputs: defaults: Input Table:

L = crosswalk length (ft) L= 25

S, = average pedestrian walking speed (ft/s) Sp= 35 5, = 5

t, = pedestrian start-up and end clearance time (s) t.= 3.0 t= 3

V = vehicular hourly volume (veh/hr) V= 293

U, = pedestrian flow rate (ped/s) Uy, = 0* Up= 0.00

v = vehicular flow rate (veh/s) = V/3600 U= V/3600 U= 0.080

W, = crosswalk width (ft) W, = 8.0 W, = 8.0

N = number of lanes crossed (Integer) N=INT(L/11} N= 2
*no platooning observed

Crossing Treatment Yield Rate Input Table:

M., = motorist yield rate (decimal) M, = 84%

Entering data into the tables above will populate the evaluation tables in Microsoft Excel.

Results:
Average Delay 14.5
LOS
Inputs and Results Page 2 of 5
Developed by Bolton Menk, Inc.
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Uncontrolled Pedestrian Crossing Level of Service
Evaluation Worksheet

LRRB
Crossing Location: Date:
City, State: Scenario:
Reviewer(s): Agency:
Step 1: Identify Is there a median available for a two-stage crossing? [ ves [ No
Two-5Stage If yes, does the median refuge meet ADA requirements (4' x 4' landing)? [ Yes [] No
Crossings If yes, does the median refuge need to meet ADA requirements (4" x 4' landing)? [ Yes [ No
Critical headway is the time below which a pedestrian will not attempt to begin crossing the street. Pedestrians use
judgement to determine whether the available headway is sufficent for a safe crossing.
For a single pedestrian: where:t. = critical headway for a single pedestrian (s)
t = L t, L = crosswalk length (ft)
Sy S, = average pedestrian walking speed (ft/s)
crossing 1 crossing 2 t, = pedestrian start-up and end clearance time (s)
L= 50 t.= 3 L= 25 t= 3 S,=3.5ft/s
S,=| 4.7 t.=| 13.6] S,=| 4.7 t.=| 8.32 t,=3sec
If pedestrian platooning is observed, the spatial distribution of pedestrians should be computed:
1. use field observations or estimate platoon size using equation:
_ v o Vsle 4 eV where: N = total number of pedestrians in crossing platoon
T w,tv)e (ped)
Step 2: Uy = pedestrian flow rate (ped/s)
. crossing 1 crossing 2 1 = vehicular flow rate across crossing (veh/s)
EﬁtiraT:_'n:adway Vp = te=| 13.6] vp= t. 8.32| t. = single pedestrian critical headway (s)
v =| 0.08 N, = v=| 0.08 N.=
2. compute spatial distribution:
B 8.0(N.-1) where: Ny = spatial distributions of pedestrians (ped)
? 7 Int W, ] +1 N, = total number of pedestrians in crossing platoon
(ped)
crossing 1 crossing 2 W, = crosswalk width (ft)
N, = N, = 8.0 = default clear width used by a single pedestrian
W, = 8 N, :l W, = 8 N, :[— to avoid interference with other pedestrians (ft)

clear width, if other than Szl:lft.

t.s = group critical headway (s}

3. compute group critical headway:

where:
t.g=t. +2(N-1
oo = t+ 2(Ny-1) t. = single pedestrian critical headway (s)

crossing 1 Np = spatial distributions of pedestrians (ped)

crossing 2
N, = N, =

t.=| 136] tg= t.=| 832] t,=

Probability that a pedestrian will not incur any crossing delay is equal to the likelihood that a pedestrian will
encounter a gap greater than or equal to the critical headway immediately upon arrival at the intersection.
where: Py = probability of blocked lane

P,=1 _e"e,z:‘-’fu
Step 3: Estimate P4 = probability of delayed crossing
Probability of a Pe=1-(1-P, }N N = number of lanes crossed
Delayed d b t.c = group critical headway (s) =t if no platooning
Crossing crossing 1 crossing 2 v = vehicular flow rate across crossing(veh/s)
tes=| 13.6 tc=| 832
v=| 0.08 P,=| 0.42| v=| 0.08] P,=| 0.28
= 2 Py=| 0.66] N= 2| py=| 0.49
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LRRB

Uncontrolled Pedestrian Crossing Level of Service
Evaluation Worksheet

Step 4: Calculate
Average Delay
to Wait for
Adequate Gap

Average delay assumes that no motor vehicles yield and the pedestrian is forced to wait for an adequate gap.

dg =;{em"“-'utm -1) where:  d, = average p_eglestrian gap delay (s)
. t.s = group critical headway (s)
crossing 1 crossing 2 v = vehicular flow rate across crossing (veh/s)
t.c=| 1364 t.g=| 8319
v=| 008 d,=| 1108 wv=| 008 d = 34999

Average delay for a pedestrian who is unable to cross immediately upon reaching the intersection
(e.g., any pedestrian experiencing nonzero delay.)

dye :-dL where:  d,4 = average gap delay for pedestrians who incur
Py nonzero delay
crossing 1 crossing 2 d, = average pedestrian gap delay (s)
d.=| 11.08 d; = 35 P4 = probability of a delayed crossing
Py=| 0.664| dp=| 16.683] Py=| 0.486| dy=[ 7.2015

Step 5: Estimate

When a pedestrian arrives at a crossing and finds an inadequate gap, that pedestrian is delayed until one of two
situations occurs: (a) a gap greater than the critical headway is available, or (b) motor vehicles yield and allow the

pedestrian to cross. While motorists are legally required to stop for crossing pedestrians in MN at all marked crossings

and either marked or unmarked crossings at intersections, motorist yield rates actually vary considerably.

Some crossing treatments and yield rates based on research are provided on the next page.
Average pedestrian delay

where: d; = average pedestrian delay (s)
1 = crossing event (1=1to 7.)
fi = average headway for each through lane = N/

dy= SR 0.5)P(Y ) + (Pe- 3 PLY i)y
1=1 i=1

F(Y';) = probability that motorists yield to

Delay Reduction crassing 1 crassing 2 pedestrian on crossing event 1
due to Yielding h =| ?").ﬂl n= 1| h =| ?r}| ns= 1|re = Int{d,y/h), average number of crossing
Vehicles d, = 8.8 d, = 5.6|events before an adequate gap is available, >0
1. One-Lane Crossing 7 = crossing event (7=0to 1-1)
(If yielding is . P(Y';) = probability that motorists yield to
yIeeIng s P(Y3)= PyM, (1-M,)"? i : .
zero, then skip pedestrian on crossing event 7
step 5) 2. Two-Lane Crossing M., = motorist yield rate (decimal) My, = 84%
it a0 _n +(pPiM.?
P(Y1) = 2P,(1-P, )M, +1P,*M,* PY )= r, - p(y) {f‘”'“ Pliy) + (B b }}
i=1 1>l = ]
3. Three-Lane Crossing
=1 3py 3 2 z 2
Py M7+ 3P, (1= Py )M, + 3P, (1 — Pp)*M.
P(Y-;] = 1Py ZP“’H” o v My s ( 5IM,%) w( b) yl Summarv
=0 Pa Average 14.5
4. Four-Lane Crossing LOS C
i-1 g 4 3 3 z 2ay T 3
Pu*Mt 4P 301 - POM) 4 6PLE(1 — PLYIME) + 4P (1 — PLOM
P‘Yt]= [Pd_ZP(Yﬂ)]‘[ b My b1 wIMy) : ( ») M) bl b ) )
=0 L
LOS |Control Delay (sec/ped) Comments
Step 6: Calculate — -
Average A 0-5 Usually no conflicting traffic
& . B 5-10 Occasionally some delay due to conflicting traffic
Pedestrian Delay - . - - .
. C 10-20 Delay noticeable to pedestrians, but not inconvienencing
& Determine - — - -
LOS D 20-30 Delay noticeable/irritating, increased chance of risk-taking
E 30-45 Delay approaches tolerance level, risk-taking likely
F >45 Delay exceeds tolerance level, high chance of risk-taking
Calculations Sheet 2 Page 4 of 5

Developed by Bolton Menk, Inc.
for the Local Road Research Board

HCM Evaluation Waorksheet
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Chapter 9

Conclusion

Pedestrian crossings are an important aspect of the multi-modal transportation system that are
essential to get pedestrians across highways and streets. While motorists are required to stop for
pedestrians in most situations, additional measures may be appropriate at a specific crossing
location.

The evaluation of uncontrolled pedestrian crossings depends on multiple factors including safety
and delay, similar to the procedure for evaluation of roadways and intersections for motorists.
There has been significant research into the safety of pedestrian crossings that is being applied
by agencies, but the missing component has been the delay. The Highway Capacity Manual
(HCM) presents a procedure for evaluating pedestrian crossing delay. As of this research study,
the HCM procedure has not been widely applied to the evaluation of pedestrian crossings but can
help to provide an equivalent process to vehicle intersection operational analysis and be applied
to the engineering study requirement as mentioned in the MUTCD.

This report presents a procedure for the evaluation of uncontrolled pedestrian crossing locations
that takes into account both safety and delay, in addition to other factors. The evaluation
procedure runs through a multi-step process from field data review through the consideration of
appropriate treatment options. The specific steps include
e Field Data Review
Safety Review
Stopping Sight Distance Analysis
HCM Level of Service (LOS) Analysis
Pedestrian Sight Distance Analysis
Review of Origins and Destinations and Alternate Routes
Review of Access Spacing and Functional Classification
Review of Speed and Pedestrian Use
Review of FHWA Safety Guidance
School Crossing Considerations
Consideration of Appropriate Treatment Options
Signing and Marking Treatments
Traffic Calming Treatments
Uncontrolled Crossing Treatments
High-Level Treatments

o

©O o0 O

The background, understanding and analysis methodology of each step in the process is
important to understand. The methodology presented for the evaluation of uncontrolled
pedestrian crossings is available to the public and should be tailored for individual use as needed.
In support of this study, a Guidebook has been developed to provide a summary of the
methodology and is included in Appendix F. This Guidebook is intended to be a working
document to be updated as additional research is conducted.
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4

Uncontrolled Pedestrian Crossing

mﬁ Data Collection Worksheet
Location: Date:
City, State: Scenario:
Reviewer(s): Agency:
Project #: ID #:
The first step in understanding the pedestrian needs at a potential crossing location is completing
a review of the location and adjacent facilities.
Crossing Length: Vieasure the crossing distance from curb to curb. Crossing 1 ft.
Fill in Crossing 1 distance if there is no median. If there is a median at the Crossing 2 ft.
crossing location, fill in Crossing 1 and 2 distances.
Median: width of median at crossing location ft.
Crossing Width: effective crosswalk width ft.
Raised Median Available? ] Yes [] No
" ADA Compliant Median Available (minimum 4' x 4' landing)? ] Yes [] No
'::: Curb Ramps Available? ] Yes [] No
°E" ADA Compliant Curb Ramp Available (width, grades, truncated domes)? (] Yes [1] No
g Speed: Posted or 85™ percentile speed mph
Roadway Curvature and Sight Distances: Average walking speed ft/s
Is the crossing location within a horizontal or vertical curve? ] Yes No
Equations to calculate the following are located on the next page
Direction 1: Stopping Sight Distance (SSD) ft. provided? ] Yes [J] No
Direction 2: Stopping Sight Distance (SSD) ft. provided? ] Yes [1] No
Direction 1: Pedestrian Sight Distance (PedSD) ft. provided? ] Yes [J] No
Direction 2: Pedestrian Sight Distance (PedSD) ft. provided? ] Yes [] No
Traffic and Measure traffic and pedestrian volume in 15-minute increments on the roadway to be crossed.
Pedestrian Attach Counts vehicles: Daily pedestrians: Daily
Data AM Peak Hourly Pk 15-min Hourly Pk 15-min
PM Peak Hourly Pk 15-min Hourly Pk 15-min
Lighting:
Is street lighting present and does it light the crosswalk location? ] Yes [] No
Crosswalk Pavement Markings: Is the pedestrian crossing currently marked? ] Yes [J] No
What is the condition of the markings? [] Excellent [ ] Good [] Fair [ ] Poor
8 Are the markings easily defined? ] Yes [J] No
.'g Do they need replacement? ] Yes [] No
g What is the crosswalk marking pattern? |
g Signing: Currently signed at crosswalk? ] Yes [1] No
S Currently signed in advance of crosswalk? ] Yes [J] No
2 Distances? direction 1 | ft. direction 2 ft.
% Enhancements: What enhancements are currently at
S the crossing location?
5 Adjacent Facilities: Distance to nearest marked crosswalk? | |ft.
< What pedestrian control devices are present
at the nearest adjacent marked crosswalk?
Distance to nearest all-way stop, roundabout or signalized intersection | |ft.
Could another location serve the same pedestrian crossing movement? [0 Yes [ No
Could another location serve the the movement more effectively? (] Yes [] No

Developed by Bolton & Menk, Inc. in coordination with the Local Road Research Board. Worksheets made without charge and under no circumstances shall be sold by third parties for profit.
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' Uncontrolled Pedestrian Crossing

m/ﬁ Data Collection Worksheet

Mark the following: site distances and potential conflicts, pavement markings (crosswalk, edge lines, center lines, lane lines, stop lines, and any other
markings), signing, location of lighting units, curb ramps, truncated domes, presence of any other crosswalks or crossing locations parallel to and
nearby the location being studied, adjacent intersection traffic control, parking, intersection width, lane lengths, shoulder widths, sign placement,

and nearby orgins and destinations .

draw or insert map of location being studied

Notes:
Sight Distance Calculations: where: defaults:
Stopping sight distance (SSD), ft = 1.47St + 1.0755%/a t = brake reaction time, s 2.5
Pedestrian sight distance (PedSD), ft = 1.47S(L/ S, +t,) a = deceleration rate, ft/s” 11.2
S, = average pedestrian walking speed, ft/s 3.5
where: S = design speed, mph t, = pedestrian start-up and end clearance time, s 3.0

L = length of crossing, ft

Page 2 of 2 B-3
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2010 Highway Capacity Manual (HCM)

Pedestrian Level of Service (LOS) at Uncontrolled Crossing Locations
Intersection and Mid-Block Crossings

Introduction:

The Worksheets provide a procedure for evaluating the Level of Service (LOS) at uncontrolled pedestrian
crossings according to the methodology presented in Chapter 19 of the 2010 Highway Capacity Manual.
Uncontrolled pedestrian crossings include: marked crossings at mid-block locations; marked crossings at
intersections; and unmarked crossings at intersections, that are not controlled by a traffic control device such as
signals and stop or yield signs.

Use of these Worksheets in Microsoft Excel results in an automated procedure. While this automated procedure
has been checked for accuracy using multiple examples, no warranty is made by the developers as to the
accuracy, completeness, or reliability of the equations and results. No responsibility is assumed for incorrect
results or damages resulting from the use of these worksheets.

This process is not for use at signalized crossings and has not been verified to be accurate for unsignalized
pedestrian crossings within a signalized corridor.

The equations and methodology presented through this process is contained within the 2010 Highway Capacity
Manual (HCM). Any questions on the approach, assumptions, and limitations of the procedure or for verification
of equations are directed to the 2010 HCM.

This material was developed by Bolton & Menk, Inc. in coordination with the Local Road Research Board (LRRB)
for the use by practicioners. These Worksheets are made without charge and under no circumstances shall be
sold by third parties for profit.

Submitted for Approval: May 12, 2014
Updated June 6, 2014

Developed by Bolton & Menk, Inc. for the
Local Road Research Board Introduction Page 1 of 5
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2010 Highway Capacity Manual (HCM)

Pedestrian Level of Service (LOS) at Uncontrolled Crossing Locations
Intersection and Mid-Block Crossings

Crossing Location: Date:
City, State: Scenario:
Reviewer(s): Agency:
Project Number: ID #:

The following is the base information needed to complete the analysis.
If this is a one-stage crossing, use only Crossing 1.
If this is a two-stage crossing, each stage must be evaluated separately using Crossing 1 and Crossing 2.

Crossing 1:

Evaluation Inputs: defaults: Input Table:
L = crosswalk length (ft) L=
S, = average pedestrian walking speed (ft/s) Sp = 3.5 Sp =
t, = pedestrian start-up and end clearance time (s) t,= 3.0 t,=
V = vehicular hourly volume (veh/hr) V=
v, = pedestrian flow rate (ped/s) VU, = o* V=
v = vehicular flow rate (veh/s) = V/3600 v=V/3600 V=
W, = crosswalk width (ft) W, = 8.0 W, =
N = number of through lanes crossed (Integer) N= INT(L/11) N =
*no platooning observed
Crossing 2: (only used for two-stage crossings)
Evaluation Inputs: defaults: Input Table:
L = crosswalk length (ft) L=
S, = average pedestrian walking speed (ft/s) S, = 3.5 S, =
t, = pedestrian start-up and end clearance time (s) t = 3.0 t =
V = vehicular hourly volume (veh/hr) V=
v, = pedestrian flow rate (ped/s) VU, = 0* Uy =
v = vehicular flow rate (veh/s) = V/3600 v=V/3600 U=
W, = crosswalk width (ft) W, = 8.0 W, =
N = number of through lanes crossed (Integer) N = INT(L/11) N =
*no platooning observed
Crossing Treatment Yield Rate Input Table:
M,, = motorist yield rate (decimal) M, =

Entering data into the tables above will populate the evaluation tables in Microsoft Excel.

Results:
Average Delay sec/ped
LOS
Developed by Bolton & Menk, Inc.
for the Local Road Research Board Inputs and Results Page 2 of 5
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Uncontrolled Pedestrian Crossing Level of Service

/'S Evaluation Worksheet
LRRB
Crossing Location: Date:
City, State: Scenario:
Reviewer(s): Agency:
Step 1: Identify | Is there a median available for a two-stage crossing? ] Yes [] No
Two-Stage If yes, does the median refuge meet ADA requirements (4' x 4' landing)? ] Yes [] No
Crossings If yes, do pedestrians treat this as a two-stage crossing location? ] Yes [] No
Critical headway is the time below which a pedestrian will not attempt to begin crossing the street. Pedestrians
use judgement to determine whether the available headway is sufficent for a safe crossing.
For a single pedestrian: where: t. = critical headway for a single pedestrian (s)
L L = crosswalk length (ft)
te = g s S, = average pedestrian walking speed (ft/s)
t, = pedestrian start-up and end clearance time (s)
crossing 1 crossing 2 S, =3.5ft/s
L= t = L= t = t, =3 sec
S, = t. = S, = t.=
If pedestrian platooning is observed, the spatial distribution of pedestrians should be computed:
1. use field observations or estimate platoon size using equation:
vpevptc + peVtc where: N. = total number of pedestrians in crossing platoon
° (vp + v)e(rv)te (ped) .
Step 2: V= pefjestrlan flow rate (ped/s) '
Determine crossing 1 crossing 2 v = vehicular flow rate across crossing (veh/s)
el destay Vp = t.= Vp = t.= t. = single pedestrian critical headway (s)
V= N.= V= N =
2. compute spatial distribution:
8.0(N, — 1) where: N, = spatial distributions of [:.)ede'strians (.ped)
N, = INT [—] N. = total number of pedestrians in crossing platoon
¢ (ped)
crossing 1 crossing 2 W, = crosswalk width (ft)
N.= N = 8.0 = default clear width used by a single pedestrian
W, = N, =|— W, = N, =|— to avoid interference with other pedestrians (ft)

clear width, if other than 8: |:|ft.

where: t.g = group critical headway (s)

3. compute group critical headway:

t.c=t.+2(N,—1
G ¢ ( p ) t. = single pedestrian critical headway (s)

crossing 1 crossing 2 N, = spatial distributions of pedestrians (ped)

tc,G =| tc = tc,G =|

Step 3: Estimate
Probability of a
Delayed
Crossing

Probability that a pedestrian will not incur any crossing delay is equal to the likelihood that a pedestrian will
encounter a gap greater than or equal to the critical headway immediately upon arrival at the intersection.

p,=1— e_tzﬁ” where: P, = probability of blocked lane
P4 = probability of delayed crossing
Pg=1- (1- Pt N = number of through lanes crossed
crossing 1 crossing 2 t. = group critical headway (s) = t. if no platooning
tc= tc= v = vehicular flow rate across crossing(veh/s)
V= P, = = P, =
N= Py= N = Py=

Developed by Bolton & Menk, Inc. for the LRRB.

HCM Calculations Sheet 1 Page 3 of 5
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LRRB

Uncontrolled Pedestrian Crossing Level of Service
Evaluation Worksheet

dg _ 1 (evtc,a e 1) where:  dg =?verage pfe(-:lestrian gap delay (s)
v t. g = group critical headway (s)
crossing 1 crossing 2 v = vehicular flow rate across crossing (veh/s)
Step 4: Calculate| 6 = toe =
Avr:erage Delay v dg =| v= dg =|
to Wait for Average delay for a pedestrian who is unable to cross immediately upon reaching the intersection
(e.g., any pedestrian experiencing nonzero delay.)
Adequate Gap d. = dg where:  dgq = average gap delay for pedestrians who incur
gd — P_d nonzero delay
crossing 1 crossing 2 d, = average pedestrian gap delay (s)
dg = dg = P4 = probability of a delayed crossing
Py= dgq =| P, = dgq =|

Average delay assumes that no motor vehicles yield and the pedestrian is forced to wait for an adequate gap.

Step 5: Estimate

Delay Reduction

due to Yielding
Vehicles

(If yielding is
zero, then skip
step 5)

When a pedestrian arrives at a crossing and finds an inadequate gap, that pedestrian is delayed until one of two
situations occurs: (a) a gap greater than the critical headway is available, or (b) motor vehicles yield and allow the
pedestrian to cross. While motorists are legally required to stop for crossing pedestrians in MN at all intersections

and at all marked crossings, motorist yield rates actually vary considerably.
Some crossing treatments and yield rates based on research are provided on the next page.
Average pedestrian delay

d, = ;h(i —0.5)P(Y) + (pd _ Z p(yg) dyq

where: d, = average pedestrian delay (s)
1 = crossing event (1=1to 1)
h = average headway for each through lane = N/
P(Y;) = probability that motorists yield to

crossing 1 crossing 2 pedestrian on crossing event 7
h =|:I n= h =| | ns= 1 = Int(dgy/h), average number of crossing
dp = dp = events before an adequate gap is available, >0

1. One-Lane Crossing J = crossing event (7=0 to 1-1)

P(Y) = PuM (1 o )i—l P(Y}) = probability that motorists yield to
t a™ly y pedestrian on crossing event j

2. Two-Lane Crossing M

i-1
| j=0
3. Three-Lane Crossing

M,, = motorist yield rate (decimal)
(2P,(1 = Py)M,,) + (P,2M,?)
Py

’l/=

P(5)]|

P(Y) =

i-1 ]
P,*M,2 +3P,%(1 — P,)M,* + 3P,(1 — P,)?M. Summar
P(Y) = |P, - ZP(YJ) [ b My - ( »IM,, b ( ) y] Y
= Py Average
4. Four-Lane Crossing ’ LOS
_ i—1 [Pyt My, *+4Pp3(1-Pp)M,, 2 +6Pp2 (1-Pp)2 My % +4Pp (1-Pp3 )M,
PO = [P - S5z P ()]s [22 e :
LOS | Control Delay (sec/ped) Comments
Step 6: Calculate — -
A 0-5 Usually no conflicting traffic
Average - — -
. B 5-10 Occasionally some delay due to conflicting traffic
Pedestrian Delay - - - - -
. C 10-20 Delay noticeable to pedestrians, but not inconvienencing
& Determine - ——— - -
LOS D 20-30 Delay noticeable/irritating, increased chance of risk-taking
E 30-45 Delay approaches tolerance level, risk-taking likely
F >45 Delay exceeds tolerance level, high chance of risk-taking
Developed by Bolton & Menk, Inc. for the LRRB. HCM Calculations Sheet 2 Page 4 of 5
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' Uncontrolled Pedestrian Crossing Level of Service

m/ﬁ Evaluation Worksheet

Determine if there is a crossing treatment used that could provide vehicle yielding. This then provides
a possible reduction in delay.

Crossing Treatment Staged Pedestrian Yield Rate | Unstaged Pedestrian Yield Rate
Crosswalk Markings and Signs
1) 7% 7%
Only
Median Refuge Islands @ 34% 29%
Pedestal Mounted Flashing
3) N/A 57%
Beacon (2-Lane, 35 mph)
Overhead Flashing Beacon
N 47% 49%
(push-button activation)
Overhead Flashing Beacon
. N 31% 67%
(passive activation)
>
= Pedestrian Crossing Flags w 65% 74%
1l
et i (5)
T School Crossing Guards N/A 86%
o
In-street Crossing Signs
- B e 87% 90%
~ (25-30 mph)
- Warning Sign with Edge Mounted
R% (6) N/A 28%
s LEDs
(]
° ke (1) 0
§ In-road warning lights N/A 66%
High-visibility Signs and
& . yl8 1) 17% 20%
Markings (35 mph)
High-visibility Signs and
. (1) 61% 91%
Markings (25 mph)
Rectangular Rapid-Flash Beacon
2)(a) 84% 81%
(RRFB)
School Crossing Guards
. (5) N/A 91%
with RRFB
Pedestrian Hybrid Beacon
1) 97% 99%
(HAWK)
N/A: No Research Found on Effect to Yielding Rate

Sources: (1) Fitzpatrick, K., S.M. Turner, M. Brewer, P.J. Carlson, B. Ullman, N.D. Trout, E.S. Park, J. Whitacre, N. Lalani, and D. Lord.
NCHRP Report 562: Improving Pedestrian Safety at Unsignalized Crossings. Transportation Research Board of the National
Academies, Washington D.C., 2006.

(2) Lewis, R., J.R. Ross, D.S. Serpico : Assessment of Driver Yield Rates Pre- and Post-RRFB Installation, Bend, Oregon. Oregon
Department of Transportation, Washington D.C., 2011.

(3) Bolton & Menk Field Data Collection

(4) Transportation Research Board, HCM 2010 Highway Capacity Manual, Washington D.C.: National Academy of Sciences,
2010.

(5) Brewer, Marcus A., Kay Fitzpatrick. Before-and-After Study of the Effectiveness of Rectangular Rapid-Flashing Beacons Used
with School Sign in Garland, Texas. Texas Transportation Institute, College Station, TX, April 2012.

(6) Kipp, Wendy M.E., Jennifer M. V. Fitch. Evaluation of SmartStud In-Pavement Crosswalk Lighting System and BlinkerSign
Interim Report. Vermont Agency of Transportation, Report 2011-3, Montpelier, VT, February 2011. (Rate Normalized to High
Visibility Markings and Signs at 35 mph)

Developed by Bolton & Menk, Inc. for the LRRB. Yield Rates (M) Page 50of 5
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