COUNTY ADMINISTRATOR'S OFFICE

PIMA COUNTY GOVERNMENTAL CENTER
130 W. CONGRESS, FLOOR 10, TUCSON, AZ 85701-1317
(520} 724-8661  FAX (520) 724-8171

C.H. HUCKELBERRY
County Administrator

February 12, 2015

Martha Durkin, Interim City Manager
City of Tucson

P. O. Box 27210

Tucson, Arizona 85726-7210

Re: Potential Public Health Threat Associated with Human Waste and Pedestrian
Flow Widths for Sidewalks

Dear Ms. Durkin:

The increase of individuals living on public right of way in the downtown area and the
naturally occurring increase of waste associated with such a community is a potential
public health hazard. Dr. Francisco Garcia, Director of the Pima County Health
Department, was asked to provide information regarding concerns to the public health
that might arise from the variety of organisms that can ultimately be present in human
waste. Dr. Garcia’s memorandum is attached.

Very simply, when people live in a small area and that area is not equipped for human
habitation, sanitation issues and health issues can become a concern. It is to combat
those public health concerns that Pima County includes in its Code provisions or
requirements that mandate government buildings be maintained in a sanitary condition.

Recent inspections by staff of the County Health Department’s Consumer Health and
Food Safety Division and by the Pima Animal Care Center have noted a variety of
locations on both Pima County and City of Tucson property where human waste was
evident. Pima County employees and representatives have been required to clean this
human waste from County property and properly sanitize the area of potential
contaminants. Given the potential health risk to the employees of continued or regular



Ms. Martha Durkin
Re: Potential Public Health Threat Associated with Human Waste

February 12, 2015
Page 2

exposure, | would ask that the City of Tucson or your contractor do the same on City
property or right of way.

I know the City has been in Federal Court regarding this matter and is currently
operating under an order of the US District Court, which | understand is on appeal. As |
understand, the order requires the sidewalk be unobstructed for a five-foot distance. |
suggest that if the matter is overturned on appeal or referred back to the US District
Court, evidence should be submitted regarding pedestrian operations and sidewalk
capacities, particularly as they relate to high-volume pedestrian areas in traditional

downtowns.

Attached is a copy of the America Association of State Highway and Transportation
Officials’ Guide for the Planning, Design and Operation of Pedestrian Facilities. In
addition, there are various other expert references related to pedestrian capacity. | am
sure transportation engineers could provide expert testimony that five feet of clearance
in a downtown, pedestrian-dominant area is inadequate.

Since the present homeless camp location is predominantly on the south side of the
downtown County complex, | would appreciate City efforts to keep the sidewalk and
stairways clear for public access to our facilities. In addition, some attention should be
given to sanitizing contaminated areas and keeping bus stops open and accessible for
transit patrons.

Thank you in advance for your cooperation in this matter.

Sincerely,

C

C.H. Huckelberry
County Administrator

CHH/mjk
Attachments

c: The Honorable Chair and Members, Pima County Board of Supervisors
Jan Lesher, Deputy County Administrator for Medical & Health Services
Dr. Francisco Garcia, Director, Health Department
Michael Kirk, Director, Facilities Management
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PIMA COUNTY MEMORANDUM

HEALTH DEPARTMENT

Date: 10 February 2015

Y 4
To: Jan Lesher From: Francisco Garcia (:”

Deputy County Administrator Health Department Director
Medical and Health Services

Re: Potential public health threat associated with human excrement in public spaces downtown

The Arizona Revised State Statutes give the authority and responsibility to respond to potential public
health violations. Through the Delegation Agreement between the Arizona Department of Health
Services and the Pima County Health Department, Pima County is authorized to ensure that the Arizona
State Statutes are met (ARS 36-104, 36-136.D and 41-1081). With this Delegated Authority comes the
responsibility of investigating potential Public nuisances dangerous to Public Health under ARS 36-601.

In response to numerous complaints from the public, on January 30, 2014 at approximately 1:00 pm
inspectors from the Consumers Health and Food Safety program in the Health Department found
numerous violations of the Statute pertaining to improper disposal of human excreta and urination on
public sidewalks and property. ARS 36-601 sections A.(1, 4, 5 and 13)

Human wastes can contain harmful bacteria, parasites and viruses constituting a public health nuisance.
E. coli, Salmonella, Hepatitis, Norovirus, Cryptosporidium and Giardia have been found to pass through
the digestive system and become potential contaminates when defecation of human excreta is found.
When rain or other water contacts the feces, it carries organisms to a larger area and the potential of

iliness is multiplied.

As specified in the Statute it is the ultimate responsibility of property owner to properly dispose of the
waste in a sanitary manner. In this case the property owners are Pima County and the City of Tucson.
Pima County Health Department staff has worked with Facilities Management to address the immediate
violations. We are concerned about maintaining a robust response to this situation especially during a
time of significant foot traffic in our downtown area.

Of note during the same period of time the Pima Animal Care Center canvassed the same area in
response to complaints of loose and barking dogs. The assessment of the staff was that there were no
violations of the applicable city or county codes that could be acted upon. However our PACC team
continues to monitor this evolving issue.

We will continue to monitor this situation very closely and work with partners to identify effective and
humane solutions.

Cc: Michael Kirk, Director, Facilities Management
David Ludwig, Program Manager, Consumer Health & Food Safety
Kristin Barney, Chief PACC Operations
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3 Pedestrian Facility Design

adequate for some local strects on an interim
basis, especially when this improves a condi-
tion where there were no sidewalks previously
(28).

2 | 3.2.3 Sidewalk Widths

The minimum clear width for a sidewalk
is 1.2 m [4 ft], not including any attached
curb, and all sidewalks must be constructed
with at least this clear width, Where sidewalks
are less than 1.5 m [5 fi] in width, passing

T
spaces at least 1.5 m [5 ft] in width should be
provided at reasonable intervals. This width is
‘ needed for wheelchair users to pass one
_— ~ another ot to turn around.
o~
N\ 1 There are many locations where clear
- sidewalk widths greater than the minimum
|- = - are desirable. Along arterials not in the central
business district (CBD), sidewalk widths of
Exhibit 3-5. 1.8 t0 2.4 m [6 to 8 fi] are desirable where a planting strip is provided between the side-
Pedestrian Travel Way Clear walk and the curb, and sidewalk widths of 2.4 to 3.0 m [8 to 10 ft] are desirable where the
of Obstructions (29). sidewalk is flush against che anb, In CBD areas, the desirable sidewalk widdh i< 3.0 m {10

ft] or sufficiently wide to provide the desired level of service (see discussion below). These
widths represent a clear or unobstructed pedestrian travel way. Point narrowings in the
desired widths may be acceptable in isolated instances as long as there is at least 1.2 m [4
fi] for accessible passage. However, where practical, street lights, utility poles, sign posts,
fire hydrants, mailboxes, parking meters, bus benches, and other street furniture should
be located so they do not obstruct the desirable sidewalk width (4).

Chapter 18 of the Institute of Transportation Engineers’ Highway Capacity Manual
(HCM) (27) provides procedures to assess the sidewalk width needed to accommodate
particular volumes at a desired level of service. Exhibit 34 illustrates the method used by
the HCM to define effective walkway width, deducting shy distances from building faces,
fences, walls, and other lateral obstructions.

The principal performance measure for sidewalks and walkways is space. Two criteria
that are used to determine sidewalk level of service (LOS) are available area per person and
flow rate. These performance measurcs are designated by six levels of service from A to E
LOS A represents an almost empty sidewalk, LOS C to D usually provide maximum
pedestrian flow conditions, while LOS F is total breakdown.

In areas where high pedestrian volumes are expected, it may be appropriace 10 provide
sidewalks with widths of 3.0 1o 4.5 m [10 to 15 fi] or more to accommodate pedestrian
flows. Converscly, when excessively wide sidewalks are located in arcas where there are low
pedestrian volumes, the expansive pavement and empty-looking sidewalks may scem
uninviting to pedestrians (28).

© 2004 by the American Association of State Highway and Transportation Officials. All rights reserved.

Duplication is a violation of applicable law.
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. INTRODUCTION

TYPES OF FACILITIES

This chapter addresses the capacity and level-of-service (LOS) analysis of facilities
serving pedestrians. Specifically, procedures are provided for the following types of
pedestrian facilities.

* Walkways and sidewalks—facilities such as terminals, sidewalks, stairs, and paths
designated exclusively for pedestrians.

* Pedestrian queuing areas—areas where pedestrians stand temporarily, while
waiting to be served. Queuing areas are found at elevators, transit platforms, and street
crossings.

* Shared off-street paths—paths physically separated from highway traffic for the
use of pedestrians, bicycles, skateboards, and other nonmotorized traffic.

* Pedestrian crosswalks—pedestrian crossings at signalized and unsignalized
intersections. :

* Pedestrian facilities along urban streets—designated pedestrian sidewalks on urban
streets, incurring the impacts of both uninterrupted flow and fixed interruptions.

LIMITATIONS OF THE METHODOLOGY

This chapter treats each of these facilities from the point of view of the pedestrian.
Procedures for assessing the impact of pedestrians on vehicular capacity and LOS are
incorporated into other chapters. The material in this chapter is the result of research
sponsored by the Federal Highway Administration (J).

The pedestrian methodology for midblock sidewalk analysis cannot determine the
effects of high volumes of pedestrians entering from doorways of office buildings or
subway stations. It also cannot determine the effects of high volumes of motor vehicles
entering or leaving a parking garage and crossing the sidewalk area. Moreover, the
methodology gives no consideration to grades; it is adequate for grades between ~3 and
+3 percent; however, the effects of more extreme grades have not been well documented.

. METHODOLOGY

The methodology provides the framework for pedestrian facility evaluation. The
analyst will be able to investigate the effects that bicycles and traffic signals have on the
pedestrian facility as well as the effect of pedestrian volume on flow and LOS.

LOS

LOS thresholds are given for the analysis of each pedestrian facility type, because
performance measures vary. Chapter 11 describes the thresholds and service and
performance measures in detail.

DETERMINING PEDESTRIAN WALKING SPEED

Pedestrian walking speed depends on the proportion of elderly pedestrians (65 years
of age and older) in the walking population (/). If 0 to 20 percent of pedestrians are
elderly, a walking speed of 4.0 ft/s is recommended for computations for walkways. If
elderly pedestrians constitute more than 20 percent of all pedestrians, a 3.3 ft/s walking
speed is recommended. In addition, an upgrade of 10 percent or greater reduces walking
speed by 0.3 ft/s.

Background and concepts for
this chapter are in Chapter 11

Influences on pedestrian
walking spe

18-1
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DETERMINING EFFECTIVE WALKWAY WIDTH

Effective walkway width Effective walkway width is the portion of a walkway that can be used effectively by
pedestrians. Several types of walkway obstructions (see Exhibit 18-1 and Exhibit 18-2)
tend to make pedestrians shy away. Effective walkway width is computed using
Equation 18-1.

We=Wr-W, (18-1)

where

Wg = effective walkway width (ft),

Wr = total walkway width (ft), and

W, = sum of widths and shy distances from obstructions on the walkway (ft).

EXHIBIT 18-1. WIDTH ADJUSTMENTS FOR FIXED OBSTACLES
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A schematic showing typical obstructions and the estimated width of walkway they
preempt is provided in Exhibit 18-1. Exhibit 18-2 lists the width of walkway preempted
by curbs, buildings, or fixed objects. The values in Exhibit 18-2 can be used when
specific walkway configurations are not available.

The effective length of an occasional obstruction is assumed to be 5 times its
effective width. The average effect of occasional obstructions such as trees and poles
therefore should be obtained by multiplying their effective width by the ratio of their
effective length to the average distance between them.,

Also, at signalized intersection crossings, the analyst should observe if right-turning
vehicles occupy part of the crosswalk during the crossing phase. If a significant portion
of the crosswalk is not being used by pedestrians due to right-turning vehicles, effective
crosswalk width can be computed by subtracting the appropriate time-space used by
right-turning vehicles.

Chapter 18 - Pedestrians 18-2
Methodology



Highway Capacity Manual 2000

EXHIBIT 18-2. PREEMPTION OF WALKWAY WIDTH?

Obstacle IR E Approx. Width Preempted (f)
Street Fumiture
Light pole 2535
Traffic signal poles and boxes 3.04.0
Fire alarm boxes 2535
Fire hidrants 2530
Traffic signs 20-25
Parking meters 20
Mail boxes (1.7 ft x 1.7 ft) 3.2-37
Telephone booths (2.7 ft x 2.7 ft) 40
Waste baskets 30
Benches 50
Public Underground Access
Subway stairs 55-70
. Subway ventilation gratings (raised) 6.0+
Transformer vault ventilation gratings (raised) 5.0+
Landscaping
Trees 20-4.0
Planter boxes 5.0
Commercial Uses
Newsstands 4.0~13.0
Vending stands variable
Advertising displays variable
Store displays variable
Sidewalk cafes (two rows of tables) 7.0
Building Protrusions
Columns 25-3.0
Stoops 2.0-6.0
Cellar doors 50-7.0
Standpipe connections 1.0
Awning poles 25
Truck docks (trucks protruding) variable
Garage entrance/exit variable
Driveways variable

Note:
4. To account for the avoidance distance between pedestrians and obstacles, 1.0 to 1.5 ft must be added to the presmption
width for individual obstacles. Widths are from curb to edge of object, or building face to edge of object.

Source: Pushkarev and Zupan (2).

UNINTERRUPTED-FLOW PEDESTRIAN FACILITIES

Uninterrupted pedestrian facilities include both exclusive and shared pedestrian paths
(both indoor and outdoor) designated for pedestrian use. These pedestrian facilities are
unique because pedestrians do not experience any disruption except the interaction with
other pedestrians and, on shared paths, with other nonmotorized modes of transportation.
These procedures should be used with pedestrian walking speed, pedestrian start-up time,
and pedestrian space requircments as described in Chapter 11.

Walkways and Sidewalks

Walkway and sidewalk paths are separated from motor vehicle traffic and typically
do not allow bicycles or users other than pedestrians. These facilities are often
constructed to serve pedestrians on city streets, at airports, in subways, and at bus
terminals. These pedestrian facilities include straight sections of sidewalk, terminals,

18-3
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Space = ————
PaCe = Density

Capacily = 23 p/min/ft

stairs, and cross-flow areas where streams of pedestrians cross. Such facilities
accommodate the highest volumes of pedestrians of the three uninterrupted types of
facility addressed here; they also provide the best levels of service, because pedestrians
do not share the facility with other modes traveling at higher speeds.

The primary performance measure for walkways and sidewalks is space, the inverse
of density. Space can be directly observed in the field by measuring the sample area of
the facility and determining the maximum number of pedestrians at a given time in that
area. Speed also can be observed readily in the field, and can be used as a supplementary
criterion to analyze a walkway or sidewalk. For simplicity of field observation,
pedestrian unit flow rate is used as a service measure. Determination of the peak 15-min
count and the effective walkway width is required to compute pedestrian unit flow rate
according to Equation 18-2.

Vis
Vp = —2 18-2
P 1s5+wge (18-2)
where
Vp = pedestrian unit flow rate (p/min/ft),
vss = peak 15-min flow rate (p/15-min), and
Weg = effective walkway width (ft).

Volume to capacity (v/c) ratio can be computed assuming 23 p/min/ft for capacity.
Exhibit 18-3 lists the criteria for pedestrian LOS on walkways. It includes the service
measure of space and the supplementary criteria of unit flow rate, speed, and v/c ratio.
Note that LOS thresholds summarized in Exhibit 18-3 do not account for platoon flow,
but instead assume average flow throughout the effective width.

EXHIBIT 18-3. AVERAGE FLOW LOS CRITERIA FOR WALKWAYS AND SIDEWALKS

L0S Space (ft%/p) Flow Rate (p/min/it) Speed (f/s) v/c Ratio -
A > 60 <5 >4.25 <021
B > 40-60 >57 >417-4.25 >(,21-0.31
C >24-40 >7-10 >4,00-4.17 >(.31-0.44
D >15-24 > 10-15 >3.75-4.00 >(.44-0.65
E >8-15 > 15-23 >2.50-3.75 >0.65-1.0
F <8 variable <250 variable

It is important for the analyst to determine if platooning or other traffic patterns alter
the underlying assumptions of average flow in the LOS calculation. If platooning or
other flow patterns occur, refer to the next sections to select appropriate LOS criteria.
Even though LOS tables in the next sections represent platooning and other patterns of
flow, the analyst enters the tables with average unit flow rate. Therefore, Equations 18-1
and 18-2 apply to all flow patterns.

Effect of Platoons on Walkways and Sidewalks

Exhibit 18-4 summarizes LOS thresholds for average flow rates when platoons arise.
Research (2) indicates that impeded flow starts at 530 ft%/p, which is equivalent to 0.5
p/min/ft. This value is used as the threshold for LOS A. The same research (2) shows
that jammed flow in platoons starts at 11 fi2/p, which is equivalent to 18 p/min/ft. This
value is used as the LOS F threshold.

Effect of Platoons on Transportation Terminals

Transportation terminals provide a special case of platoon flow at airports, bus
terminals, and other locations where platooning behavior is common. LOS criteria for

Chapter 18 - Pedestrians
Methodology
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transportation terminals is provided in Chapter 27, “Transit;” for more discussion, refer to
the Transit Quality of Service Manual (3).

EXHIBIT 18-4. PLATOON-ADJUSTED LOS CRITERIA FOR WALKWAYS AND SIDEWALKS

LOS Spacs (/p) Flow Rate? {p/min/ft)
A > 530 £05
B >90-530 >0.5-3
C >40-90 >3-6
D >23-40 > 611
E >11-23 >11-18
F <N >18

Note:
a. Rates in the fable represent average flow rates over a 5- to 6-min period.

Stairs

Research (4) has developed LOS thresholds based on the Institute of Transportation
Engineers stairways standards, which provide space and flow values listed in Exhibit
18-5. These modified LOS criteria are to ensure that the basic equation of traffic flow is
satisfied. The volume to capacity (v/c) ratios are based on a stairway capacity of 530
p/min/ft.

EXHIBIT 18-5. LOS CRITERIA FOR STAIRWAYS

LOS Space (ft%/p) | Flow Rate (p/min/ft) | Average Horizontal Speed v/c Ratio
(ft/s)
A >20 <5 >1.74 <033
B >17-20 >5-6 >1.74 >(.33-0.41
C >12-17 >6-8 > 1.67-1.74 >041-0.53
D >8-12 >8-11 >1.38-1.57 >0.53-0.73
E >5-8 >11-15 >1.31-1.38 >0.73-1.00
F <5 variable <131 variable
Cross Flows

A cross flow is a pedestrian flow that is approximately perpendicular to and crosses
another pedestrian stream. In general, the smaller of the two flows is referred to as the
cross-flow condition. Research (5) notes that pedestrian cross flows occur in hallways
and corridors. The same procedure for estimating walkway and sidewalk space is used to
analyze pedestrian facilities with cross flows. LOS criteria A through D are to be used
from Exhibit 18-3 or, if platoons are observed, from Exhibit 18-4. In addition, Exhibit
18-6 lists LOS E criteria for pedestrian facilities with cross flows.

EXHIBIT 18-6. LOS CRITERIA FOR PEDESTRIAN CROSS FLOWS

LOS Space (ft2/p) Flow? (p/min/ft) Speed (ft/s) Density (p/t2)

E 213 <23 2328 <0.07

Note:
a. Tolal of the major and minor flows.

Queuing Areas

The average space available to pedestrians also can apply as the walkway service
measure for queuing or waiting areas. The pedestrian stands temporarily in these areas,
waiting to be served. The LOS thresholds listed in Exhibit 18-7 are related to the average
space available to each pedestrian and to the degree of mobility allowed. In dense

Institute of Transporiation
Engineers stairway standards

18-5
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LOS is based on the
overlaking of Eedestrians
by bicycles. Pedestrian-
to-pedestrian interaction
is negligible.

standing crowds, there is little room to move, but limited circulation is possible as the
average space per pedestrian increases.

EXHIBIT 18-7. LOS CRITERIA FOR PEDESTRIAN QUEUING AREAS

L0S Space (t%/p)

>13
>10-13
> 6-10
>3-6
>2-3
<2

Mmoo >

Shared Pedestrian-Bicycle Facilities

Shared pedestrian facilities typically are open to use by nonmotorized modes such as
bicycles, skate boards, and wheelchairs. Shared-use paths often are constructed to serve
areas without city streets and to provide recreational opportunities for the public. These
paths are common on university campuses, where motor vehicle traffic and parking are
often restricted. In the United States, there are few paths exclusively for pedestrians;
most off-street paths, therefore, are for shared use.

On shared facilities, bicycles—because of their markedly higher speeds—can have a
negative effect on pedestrian capacity and LOS., However, it is difficult to establish a
bicycle-pedestrian equivalent because the relationship between the two differs depending
on their respective flows, directional splits, and other factors.

This chapter deals with the LOS provided to pedestrians on shared facilities.
Bicyclists have a different perspective as discussed in Chapter 19 of this manual.

LOS for shared paths is based on hindrance. Research (6) has established LOS R
guidelines both for pedestrians and for bicyclists based on the frequency of passing (same
direction) and of meeting (opposite direction) other users on paths 8.0 ft wide. Because
pedestrians seldom overtake other pedestrians, the LOS for a pedestrian on a shared path
depends on the frequency that the average pedestrian is overtaken by bicyclists (6).
However, the analyst should observe pedestrian behavior in the field before assuming
there is no pedestrian-to-pedestrian interaction.

Equation 18-3 is used to calculate the total number of bicycle passing events and the
total number of opposing bicycle meeting events, per hour, for the average pedestrian on
the shared path.

SP
Fp =Qgp 1_S_b (18-3)

Sp

where
F, = number of passing events (events/h),
F, = number of opposing events (events’h),
Qg = bicycle flow rate in the same direction (bicycles/h),
Q,, = bicycle flow rate in the opposing direction (bicycles/h),
S, = mean pedestrian speed on the path (fi/s), and
S, = mean bicycle speed on the path (fi/s).

The total number of events is calculated according to Equation 18-4.
F=F,+05F, (18-4)

Chapter 18 - Pedestrians
Methodology
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where
F = total number of events on the path (events/h),
F, = number of passing events (events/h), and
Fn = number of meeting events (events/h).

Meeting events allow direct visual contact, so that opposing bicycles tend to cause
less hindrance to pedestrians.

A default average pedestrian speed of 5.0 ft/s and a bicycle speed of 20.0 fi/s applied
to the equations above can produce LOS thresholds for two-way paths. These are
summarized in Exhibit 18-8. The indicated bicycle service volumes apply only for a
50/50 directional split of bicycles on paths 8.0 ft wide (6). Otherwise, LOS must be
based on the total number of events per hour. For one-way paths, there are no meeting
events, so that the LOS is determined from the number of passing events, calculated with

Equation 18-3.
EXHIBIT 18-8. PEDESTRIAN LOS CRITERIA FOR SHARED TWO-WAY PATHS?

Pedestrian LOS Number of Events/h? Corresponding Bicycle Service
Volume per Direction® (bicycles/h)
A <38 <28
B >38-60 > 2644
C > 60-103 > 44-75
D >103-144 > 75-105
E >144-180 > 105-131
F > 180 > 131

Notes;

a. Path 8.0 ft wide.

b. An “event” is a bicycle megting or passing a pedestrian.
¢. Assuming 50/50 directional split of bicycles.

INTERRUPTED-FLOW PEDESTRIAN FACILITIES

The procedures of this chapter focus on the LOS provided to pedestrians. For the
impact of pedestrians on motor vehicle traffic, consult other chapters in this manual,

Signalized Intersections

A signalized intersection covered by these procedures has a pedestrian crossing on at
least one approach. The signalized intersection crossing is more complicated to analyze
than a midblock crossing, because it involves intersecting sidewalk flows, pedestrians
crossing the street, and others queued waiting for the signal to change. The service
measure is the average delay experienced by a pedestrian. Research indicates that the
average delay of pedestrians at signalized intersection crossings is not constrained by
capacity, even when pedestrian flow rates reach 5,000 p/h (/). The average delay per
pedestrian for a crosswalk is given by Equation 18-5.

0.5(C-g)?
dp = %L (18-5)
where
d, = average pedestrian delay (s),
g = effective green time (for pedestrians) (s), and
C = cyclelength (s).

Exhibit 18-9 lists LOS criteria for pedestrians at signalized intersections, based on
pedestrian delay. When pedestrians experience more than a 30-s delay, they become
impatient, and engage in risk-taking behavior (7). Exhibit 18-9 includes a guide for the
likelihood of pedestrian noncompliance (i.., disregard for signal indications). The values

Maeting events create less
hindrance than overtaking
evenis
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Pedestrian areas at
intersections have two
main functions:

 Circulation, and
» Temporary holding

in Exhibit 18-9 reflect low to moderate conflicting vehicle volumes. At intersections with
high conflicting vehicle volumes, pedestrians have little choice but to wait for the walk
signal, and observed noncompliance is reduced.

EXHIBIT 18-9. LOS CRITERIA FOR PEDESTRIANS AT SIGNALIZED INTERSECTIONS

LOS Pedestrian Delay (s/p) Likelihood of Noncompliance
A <10 Low
B =10-20
c >20-30 Moderate
D > 30-40
E > 40-60 High
F > 60 Very High

Even though delay has an impact on the travel time of pedestrians, it does not reflect
the functions of street corners and crosswalks, where the circulation of pedestrians and
the space for pedestrians queuing to cross are important. An overloaded street corner and
crosswalk can affect vehicular operations by requiring additional green crossing time or
by delaying turn movements,

Pedestrian Area Requirements at Street Comers

There are two types of pedestrian area requirements at street corners. First, a
circulation area is needed to accommodate pedestrians crossing during the green signal
phase, those moving to join the red-phase queue, and those moving between the adjoining
sidewalks but not crossing the street. Second, a hold atea is needed to accommodate
pedestrians waiting during the red signal phase.

The methodology described in the following sections can identify problem locations
that may require detailed field study and possible remedial measures (8). Corrective
measures could include widening the sidewalk, adding restrictions on vehicle turns, and
changing the signal timing. Exhibit 18-10 shows the variables required to perform an
analysis.

Exhibits 18-11 and 18-12 show the signal phase conditions analyzed in corner and
crosswalk computations. Condition 1 is the minor-street crossing phase during the major-
street green, with pedestrians queuing on the major-street side during the minor-street red
phase. Condition 2 is the major-street crossing phase, with pedestrians crossing during
the minor-street green, and queuing on the minor-street side during the major-street red
phase.

The analysis of street corners and crosswalks compares available time and space with
pedestrian demand. The product of time and space (or time-space) is the critical
parameter, because physical design limits available space, and signalized controls limit
available time.

Chapter 18 - Pedestrians
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EXHIBIT 18-10. INTERSECTION CORNER GEOMETRY AND PEDESTRIAN MOVEMENTS

Vg = peds joining queue
V= outbound crossing peds
Vi = inbound crossing platoon

Sidewalk
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\\\\\\\\\\\}/_’ ___________________
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@ W, X ; Crosswalk
——bvd
| ' Q)
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L o _SL\_ R S
! v:o vcri | Area = 0.215R2
| |
t
Minor Street ;‘———Wc —_—
I : v = pedesirian flow
! Crosswalk | i =inbound flow
' o = outbound flow
© W =width
R = corner radius
EXHIBIT 18-11. CONDITION 1: MINOR-STREET CROSSING
:r,/, Sidewalk Major Street
—
7
7/
-
A
7
A I PP
Sidewalk () ! :Ifi: o
Vay ! -
! Ve b o] | Hold Area
W, e S (minor red)
: .....
I ' i
| ' ! Crosswalk (§)
| e R iR
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Minor Street : Vo Vg Vop = Sidewalk flow
!
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I
|
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W,,p = width of sidewalks
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A time-space approach is
used for analyzing
intersection cormer areas

EXHIBIT 18-12. CONDITION 2: MAJOR-STREET CROSSING

:," Sidewatk ® Major Stregt
/]
; W, >
/]
g
by Vab
P PIIIV 4 f///f/;‘//_ _______________________
Crossing Platoon
wa
Sidewalk @
Crosswalk @
B N\ PP
| |
i |
) | Condition 2
! | gy = sidewalk flow
| 1 Vo = Peds joining queue
| i Vg = outbound crossing peds
! | ¥4 = inbound crossing piatoon
Minor Streal ! Crosswalk © | Way = Widthof sidewalks

Determining Street Corner Time-Space o

Available Time-Space

The total time-space available for circulation and queuing in the intersection corner
during an analysis period is the product of the net corner area and the length of the
analysis period. For street corners, the analysis period is one signal cycle and therefore is
equal to the cycle length. Equation 18-6 is used to compute time-space available at an
intersection corner. Exhibit 18-11 identifies dimensions used in the equation.

TS = C(W W, - 0.215R?) (18-6)
where
TS = available time-space (ft%-s),
W, = effective width of Sidewalk a (ft),
W, = effective width of Sidewalk b (ft),
R = radius of corner curb (ft), and
C = cycle length (s).

Holding-Area Waiting Times

Assuming arrivals are uniform at the crossing queue, the average pedestrian holding
times can be computed using Equations 18-7 and 18-8. These equations reflect the
proportion of the cycle time that flows are held up, as well as their holding time based on

the red signal phase.
For Condition 1, as shown in Exhibit 18-11, the following equation is used to

compute holding-area waiting time.
VdoRmi2
2c

Qo = (18-7)
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Qo = total time spent by pedestrians waiting to cross the major street during

one cycle (p-s);
= the number of pedestrians waiting to cross the major street during one

Yoo = {mi
p min
le, *——*C (plcycle);
Ve Smin 605 (p/eycle)
Ry = the minor-street red phase, or the Don't Walk phase if there are

pedestrian signals (s); and
C = cycle length (s).

For Condition 2, as shown in Exhibit 18-12, Equation 18-8 is used to compute
holding-area waiting time.

VooRmi®
Qoo == (18-8)
where
Qu, = total time spent by pedestrians waiting to cross the minor street during
one cycle (p-s);
Voo = the number of pedestrians waiting to cross the minor street during one
P Imin
cycle, * *C (pleycle);
Yo Smin 60 C Pleyele)
Ry = the major-street red phase, or the Don't Walk phase if there are

pedestrian signals (s); and
C = cyclelength (s).

Determining Circulation Time-Space

I The net corner time-space available for circulating pedestrians is the total available
time-space minus the time-space occupied by the pedestrians waiting to cross. The
holding area required for waiting pedestrians is the product of the total waiting time and
the area used by waiting pedestrians. Equation 18-9 is used to compute the time-space

available.
TS; =TS - [5(Qup + Qto)] (18-9)
where
TS; = total time-space available for circulating pedestrians (ft2-s),
TS = total time-space available (ft2-s),
Quo = total time spent by pedestrians waiting to cross the major street during
one cycle (p-s), and
Qu, = total time spent by pedestrians waiting to cross the minor street during
one cycle (p-s).
Pedestrian Space

Finally, the space required for circulating pedestrians is computed by dividing the
total time-space available for circulating pedestrians by the time that pedestrians consume
walking through the corner area—that is, the sum of the total circulation volume
multiplied by 4 s, the assumed average circulation time. This yields the area for each
pedestrian, which is related to the LOS thresholds for walkways in Exhibit 18-3.
Equation 18-10 is used for the computation.

_ TS,
M= o (18-10)

Circulation time is assumed to
equalds

18-11
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where
M = circulation area per pedestrian (ft2/p);
TS, = total time-space available for circulating pedestrians (ft2-s); and
Ve = total number of circulating pedestrians in one cycle = v; + Voo + vy +

V4o + Va1 85 shown in Exhibits 18-11 and 18-12 (p/cycle).

Determining Grosswalik Time-Space

Time-space of a crosswalk at a street corner is computed according to Equation
18-11 (9).

TS =LWg [(WALK + FDW)- %-J or (18-11)
P

TS = LW (G - E;_] when WALK + FDW s not installed

D
where
TS = time-space (ft*-s);
L = crosswalk length (ft);
W = effective crosswalk width (ft);
WALK + FDW = effective pedestrian green time on crosswalk (s);
S, = average speed of pedestrians (ft/s); and
G = green time for phase, if WALK + FDW is not installed (s).

The analysis of crosswalk time-space requires a pedestrian flow rate during the cycle
length interval. Equation 18-12 allows the analyst to calculate the number of pedestrians
crossing during the cycle length interval. Total crossing time or effective green time S
required to clear an intersection crossing is computed according to Equation 18-13, which
incorporates the effects of dispersion of platoons larger than 15 pedestrians (9).

v(C-G)

N ped = C (18-12)
where
Npeg = number of pedestrians crossing during an interval (p);
v = pedestrian volume on the subject walkway (p/15-min);and
G = green time for phase, if WALK + FDW is not installed.
N
=32+ 127209 forwsi0n (18-13)
Sp w
t=3.2+-L—+(o.27Np9d) for W <10#t
SP
where
t = total crossing time (s),
L = crosswalk length (ft),
Sp = average speed of pedestrians (ft/s),
Nped = number of pedestrians crossing during an interval (p),
W = crosswalk width (ft), and
8.2 = pedestrian start-up time (s).

The total crosswalk occupancy time is computed as a product of the average crossing
time and the number of pedestrians using the crosswalk during one signal cycle.
Equation 18-14 is used for the computation.

T=(v;+vo)t (18-14)
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where
T = total crosswalk occupancy time (p-s),
v; = inbound pedestrian volume for the subject crosswalk (p/cycle),
Vo = outbound pedestrian volume for the subject crosswalk (p/cycle), and

t total crossing time from Equation 18-12 (s).

The circulation space provided for each pedestrian is determined by dividing the
time-space available for crossing by the total occupancy time, as in Equation 18-15. This
yields the area provided for each pedestrian, which is related to LOS thresholds for
walkways listed in Exhibit 18-3.

m== (18-15)
where
M = circulation area per pedestrian (ft2/p),
TS = time-space (ft>-s), and
T = total crosswalk occupancy time (p-s).

The time-space method allows for an approximate estimate of the effect of turning
vehicles on the LOS for pedestrians crossing during a given green phase. This assumes
an area occupancy of a vehicle in the crosswalk, based on the product of vehicle swept-
path, crosswalk width, and estimate of the time that the vehicle preempts this space. The
swept-path for most vehicles is 8 ft, and it can be assumed that a vehicle occupies the
crosswalk for 5 s. Equation 18-16 can be used to estimate time-space occupied by
turning vehicles, which is subtracted from the time-space value obtained from Equation
18-11.

TSy, = 40N, Wg (18-16)

where
TS,

tv

We

time-space occupied by turning vehicles (ft2-s),
number of vehicles during the green phase (veh), and
effective width of crosswalk (ft).

Determining Pedestrian Effective Green Time

Minimum effective green required for two-way flow conditions can be estimated
using shock-wave theory and observation. If there are high pedestrian volumes, a shock-
wave approach can ensure adequate crossing time for large two-way platoon flows. But
in low-volume conditions, minimum time requirements can be determined using Equation
18-6, which also accounts for platoon flow.

Pedestrians use both the Walk interval and the first few seconds of the flashing Don’t
Walk interval to enter the intersection. For the delay calculations in Equation 18-5, the
effective green interval is equal to the walk interval plus the first 4 s of the flashing Don’t

Walk (Z,10).

Unsignalized Intersections

Another procedure applies to an unsignalized intersection with a pedestrian crossing
against a free-flowing traffic stream or an approach not controlled by a stop sign.
However, if there are zebra-striped crossings at an unsignalized intersection, this
procedure does not apply, because pedestrians have the right-of-way; instead, pedestrian
delay can be estimated using the method for two-way stop-controlled (TWSC)
intersections.

A crossing of an unsignalized intersection is more complicated to analyze than one at
midblock, because it involves intersecting sidewalk flows, pedestrians crossing the street,

The method for unsignalized
intersections does not apply to
zebra-striped crosswalks

18-13

Chapter 18 - Pedestrians
Methodology



Highway Capacity Manual 2000

Critical gap for
pedestrans

Platooning

and pedestrian judgment of an acceptable gap. The procedure for estimating the critical
gap is similar to that described in Chapter 17, “Unsignalized Intersections.”

The critical gap is the time in seconds below which a pedestrian will not attempt to
begin crossing the street. Pedestrians use their own judgment to determine if the
available gap is long enough for a safe crossing. If the available gap is greater than the
critical gap, it is assumed that the pedestrian will cross, but if the available gap is less
than the critical gap, it is assumed that the pedestrian will not cross.

For a single pedestrian, critical gap is computed according to Equation 18-17.

L
fe=g—t1s (18-17)

P

where .
critical gap for a single pedestrian (s),

average pedestrian walking speed (ft/s),

crosswalk length (ft), and

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

[ |

2l and ﬁm o

[}

If platooning is observed in the field, then the spatial distribution of pedestrians
should be computed using Equation 18-18, to determine group critical gap. To compute
spatial distribution, the analyst must observe in the field or estimate the platoon size using
Equation 18-19. Group critical gap is determined using Equation 18-20. If no platooning
is observed, spatial distribution of pedestrians is assumed to be 1.

8.0(N, — 1)}
N, =INT| —=8— |+71 18-18
where S
N, = spatial distribution of pedestrians (p),
N, = total number of pedestrians in the crossing platoon (p),
W. = effective crosswalk width (ft), and
8.0 = default clear effective width used by a single pedestrian to avoid
interference when passing other pedestrians.
_ V8P +ve~e (18.19)
¢ (vp +v)el Ve
where
N, = size of a typical pedestrian crossing platoon (p),
Vp = pedestrian flow rate (p/s),
v = vehicularflow rate (veh/s), and
t. = single pedestrian critical gap (s).
tg =tc+2(Np—1) (18-20)
where
t; = group critical gap (s),
t, = critical gap for a single pedestrian (s), and
N, = spatial distribution of pedestrians (p).

The delay experienced by a pedestrian is the service measure. Research indicates
that average delay of pedestrians at an unsignalized intersection crossing depends on the
critical gap, the vehicular flow rate of the subject crossing, and the mean vehicle headway
(11). The average delay per pedestrian for a crosswalk is given by Equation 18-21.

dp = %(e""’ ~vig -1 (18-21)
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where
d, = average pedestrian delay (s),
v = vehicular flow rate (veh/s), and
lg = group critical gap from Equation 18-19 (s).

Exhibit 18-13 lists LOS criteria for pedestrians at unsignalized intersections, based
on pedestrian delay. Pedestrians expect and tolerate smaller delays at unsignalized
intersections than at signalized intersections, Exhibit 18-13 also includes a likelihood of
pedestrian risk-taking behavior related to LOS.

EXHIBIT 18-13. LOS CRITERIA FOR PEDESTRIANS AT UNSIGNALIZED INTERSECTIONS

LOS Average Delay/Pedestrian (s) Likelihaod of Risk-Taking Behaviora
A <5 Low
B 2510
C >10-20 Moderate
D >20-30
£ >30-45 High
F >45 Very High

Note:
a. Likelihood of acceptance of short gaps.

Pedestrian Sidewalks on Urban Streets

This section focuses on the analysis of extended pedestrian facilities with both
uninterrupted and interrupted flows. Average pedestrian travel speed, including stops, is
the service measure. This average speed is based on the distance between two points and
the average amount of time required—including stops—to traverse that distance.

Pedestrian sidewalks along urban streets comprise segments and intersections. The
first step in analyzing an urban street is to define its limits, then to segment it for analysis.
Each segment consists of a signalized intersection and an upstream segment of pedestrian
sidewalk, beginning immediately after the nearest upstream signalized or unsignalized
intersection. The average travel speed over the entire section is computed according to
Equation 18-22.

Lr

S,= T (18-22)
L
z 5 +>d i
where

Ly = total length of the urban street under analysis (ft),

L; = lengthof Segment i (ft),

S; = pedestrian walking speed over Segment i (ft/s),

d; = pedestrian delay at Intersection j (s), and
S, = average pedestrian travel speed (ft/s).

There are many factors that affect pedestrian speed, including adjacent activities on
the walkway, commercial and residential driveways, lateral obstructions, significant
grades, effective width of sidewalk, and other local features. Research has been
insufficient to produce specific recommendations on their individual and collective effect.
Intersection delays, however, can be computed, as described earlier.

LOS criteria based on pedestrian travel speed are listed in Exhibit 18-14. The criteria
generally resemble the urban street LOS criteria for motor vehicles; the thresholds are set
at similar percentages of the base speed (4).

Analysis of extended facilities
with both uninterrupted and
interrupted flows

18-15
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Guidelines for required
inputs and estimated
values are in Chapler 11

Operational (LOS)

Design (Wg)

Planning (LOS)
Planning (Wg)

EXHIBIT 18-14. LOS CRITERIA FOR PEDESTRIAN SIDEWALKS ON URBAN STREETS

LOS Travel Speed (fl/s)
>4.36
>3.84-4.36
>3.28-3.84
>2.72-3.28
=1.90-272
<190

mm o O W

ill. APPLICATIONS

The methodology presented in this chapter is for analyzing the capacity and LOS of
pedestrian facilities. The analyst must address two fundamental questions. First, the
primary outputs must be identified; these include LOS and effective width (Wg). Second,
the default values or estimated values must be identified for use as input data for the
analysis. Basically, there are three sources of input data:

1. Defanlt values found in this manual;

2. Estimates or locally derived default values developed by the user; and

3. Values derived from field measurements and observation.

For each of the input variables, a value must be supplied to calculate both the
primary and secondary outputs.

A common application of this method is to compute the LOS of a current or changed
facility in the near term or the distant future. This application is termed operational, and
its primary output is LOS. Alternatively, effective width, W, can be set as the primary
output; this is known as a design analysis. It requires that a LOS goal be established, and
the result typically is used to estimate the adequacy of a specific effective width.

Another general type of analysis can be defined as planning. Planning analysis uses
estimates, HCM default values, and local default values as inputs and determines LOS or
effective width as outputs. The difference between a planning analysis and an operational
or design analysis is that most or all of the input values in planning come from estimates
or default values, but operational and design analyses employ field measurements or
known values for most or all of the variables. '

COMPUTATIONAL STEPS

The worksheets for computations involving pedestrian facilities are shown in
Exhibits 18-15 and 18-16. For all applications, the analyst provides general information
and site information.

For operational (LOS) analysis, all flow data are entered as input. Based on the type
of pedestrian facility, performance measures are computed and LOS is determined.

The objective of design (W) analysis is to estimate the minimum effective width of
a facility, given a desired LOS. For sidewalks and crosswalks, first the maximum
pedestrian unit flow rate for the desired LOS is determined. Then effective widths are
computed by solving the pedestrian unit flow-rate equation backwards.

PLANNING APPLICATIONS
The two planning applications—for LOS and Wg—correspond to procedures

described for operations and design. The primary criterion that categorizes these as
planning applications is the use of estimates, HCM default values, and local default
values. Chapter 11 contains more information on the use of default values.

Chapter 18 - Pedestrians
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ANALYSIS TOOLS

The worksheets shown in Exhibits 18-15 and 18-16 and provided in Appendix A can
be used to perform all applications of the methodology.

EXHIBIT 18-15. PEDESTRIANS WORKSHEET
PEDESTRIANS WORKSHEET

Analyst _ Faclity

Agency or Company - Jurisdiction

Date Performed - Analysis Year

Analysis Time Period

Q Operational {LOS) 0 Design (W) Q Planning (LOS) Q Planning (Wg)

TR

Wal

Total widih of crosswalks, Wy ()
Sum of obstructions width and/or shy distances,' W, (f)
Effective crosswalk width, We {fl), We =Wy - W,
Peak 15-min flow rate (both directions), vys (p/15-min}
- " . __ V5
Pedesirian unit flow rate, v, (p/minff), %W
08 (Exhibits 1 18-6, or 18-7)

n peeslrian speed, Sp (ﬂls)A
Mean bicycle speed, S, {fv's)
Same-direction bicycle flow rats, Qs (bicycles/h)
Opposing-direction bicycls flow rate, Qyp, (bicyclas/h)
Passing eveni, F, (evenis), F,=0u{1-2=)
Opposing events, F,, (svents/h), F, =on(|.-::_)
Total evants, F {events/), F =F, + 0.5F,

LOS (Exhibit 18-8)

Pedeslrian Delay at Signalized Intersections

Cycls length, C (s)

Effeclive gresn time for pedestrians, g (s)

Average delay, d, s), d, =°—’5‘%;‘“2

L0S at signalized Intersections (Exhibit 18-9)
Pedesirian Delay at TWSC Intersactions

Pedastrian walking speed, §; {fu's)

Pedastrian start-up time, 1, (s)
Length of crosswalk, L {ft)
Single pedesirian critical gap, 1; (s), &, = sTLp+ i
Typical pedestrian number in crossing platoon, N,
Spatla! pedestrian distribution,2 Ny {p), #,= m[L'(;"r_'llq
Group crilicel gep, lg (s), 1= t; + 2(N, - 1)
Vehicular flow rate, v {veh/s)
Average pedastrian delay, dp (s).dp = % (- vig = 1)
LOS al unsignalized inlersections (Exhibil 18-13)
Average Pedeslrian Travel Spesds Over Several Links

Length of link3 L; (1)
Average \ravel spesd, Sp (V5), Spx= —L—

rag peed, Sa (f/s), Sa z _L's,' T

].Surhan slrest pedestrian facility (Exhibi 4)

1 I.nnludes curb width, street fumiture, window shops, building g inside cl and all olher field:
2. It there is ao plalann crossing, assume N, = 1.
3. Link longlh includes ssgment length of sidewalk and ugslream signal crozswalk lenglh.
18-17 Chapter 18 - Pedestrians
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EXHIBIT 18-16. PEDESTRIANS AT SIGNALIZED INTERSECTIONS WORKSHEET

PEDESTRIANS AT SIGNALIZED INTEHSEC'HONS WORKSHEET

Génetal Infori ratio

EIESIR

Amw __—___ » N Intersecllon/Corner ]

Agency or Company Jurisdiction

Date Performed -— Analysis Year

Analysis Period . e

O Operational {LOS) 0 Design (Wg) Q Planning (LOS}) Q Planning (We)

'Cycle length, C [ \ ®
Minor-street red phase, Ry s |
Major-street red phase, Ry s B :\‘ ___""n M torsmn
Minor-street effective green, g; P o 1 ———» ——1
Major-straet effeclive green, g; ___s NNRRZ l_-., e | SR e
Flow, p/15-min| Flow, Tﬁ:‘n"—'ﬂ” Flow, p/s* C — # d
Voo ® w | [ ooyl
L] ’ i A e 01
v, P,
(<] R | Yy "
5 ;H__:,&@I_ _‘,1—_ -
Vio L i A |
v.. h Ming; Strest l f

Tolal llme-spane 5 (ﬂz-s) TS= C(W,W,, 0215R2)

Time spent by pedestrians crossing major sireet, Gy, (p-5),
Oy =Yt R

Time spent by pedestrians crossing minor street, Oy, (p-S),

0o ¢

2
Total lime-space available, 15, (-5,
T8; =TS - [5{Qyto * Qo]

Circulation area per pedestrian, M (ft/p), M= %‘

LOS (Exhibil 18-3)

' Crasswalk T

Average Pedeslnan Delay at Signalized Intersections Crosswalk D Crosswalk C

Average delay,d, (), ¢ - OC-0F

LOS al signalized intersection (Exhibit 18-9)

Number of pedestrians arriving during Don't Walk or red indication,!
Npaa (P)
ped

Average pedestrian walking speed, S, {ft's)

Total crossing time,2 t {s)

Total time-space, TS (fi2-s), TS = LW(WALK + FOW - é)

Total crosswalk occupancy time, T (p-s)
T={vi+vlt

Number of conflicting right-tumning vehicles, Ny, (veh)

Time-space of right-lurning vehicles, TSy, {i-s),
TSy, = 40N W

Effective time-space, TSg (R2-s), TSg=TS - T§,,

Circulation area per pedestrian, M (1t%/p),
M=

LOS (Beibil 183)

ndNumlmr of people in lhs sugecl muvumanl whn arrive before Lhe WALK or concurrent green indlmﬁon and exll tlw curb duung the WALK or concurrent graen
indicalion, Npeg ory

2 W5 100123255+ 27 Ntk bl WS 100,12 329 + (027Nq).
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IV. EXAMPLE PROBLEMS

Problem Description Application
No.
1 Find LOS of a sidewalk segment. Operational (LOS)

2 Find LOS of a shared pedestrian-bicycle facility, and if it fails, find LOS of a Operational (LOS)
separate pedestrian path and bicycle path.

3 Find LOS of a crosswalk at a signalized intersection. Also, find LOS and Operational (LOS)
space requirements at the crosswalks and street corner.

4 Find LOS of a crosswalk at a TWSC infersection. Operational (LOS)

5 Find LOS of a pedestrian sidewalk on an urban street, and determine minimum |  Planning (W)

effective sidewalk width to achieve LOS D.

18-19 Chapter 18 - Pedestrians
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EXAMPLE PROBLEM 1

The Sidewalk  14.0-ft-wide sidewalk segment bordered by curb on one side and stores
with window-shopping displays on the other.

The Question  What is the LOS during the peak 15 min on the average and within
platoons?

The Facts
V 15-min peak flow rate = 1,250 p/15-min;
V Total sidewalk width = 14.0 fi;
v Curb on one side;
v Window-shopping displays on one side; and
v No other obstructions.

Comments
¥ Assume building buffer (i.e., preempted width) for window displays Is 3.0 ft.

Outline of Solution  All input parameters except curb width and obstruction due to
window displays are known. Effective sidewalk width should be determined and then used
to compute the average unit flow rate. LOS will be determined for average and for platoon
flow conditions. :

Steps

1. Determine width adjustments (shy W, (curb) = 1.5t
distance) to walkway (use Exhibit W, (window shopping) = 3.0 ft

18-1). R
2. Determine effective width W (use We=W;-W,
Equation 18-1). Wg=140-15-3.0=951t
3. Findv, (use Equation 18-2). Vig
Vo =3 s
P15 W
1250 .
Vo=I5+95 = 8.8 p/min/ft

4, Determine LOS for average condition | LOSC
(use Exhibit 18-3).

5. Determine LOS within platoon LOSD
condition (use Exhibit 18-4).

Results  The sidewalk is expected to operate at LOS C for average conditions and at
LOS D for conditions within platoons.

Chapter 18 - Pedestrians
Example Problems

18-20



Highway Capacity Manual 2000

Example Problem 1

PEDESTRIANS WORKSHEET

Aoyl JMYE

[ Facility 3nd St
+ Agency or Company CEl i Jurisdiction
! Date Performed —5/6/99 I Analysis Year 1999
| Analysls Time Period FPeak
!;
@& Operational (LOS) i O Planning (LOS) 0 Planning (We)

1 2
Total widih of crosswalks, Wy (ft) 14.0
Sum of obstructions width and/or shy distances, W, {ft) 4.5
Effective crosswalk width, We (), We =Wy - W, a5
Paak 15-min flow rate (both directions), vys (p/15-min) 1250
Pedestian unlt flow e, vy (I, = T 88
LOS (Exhibils 18-3, 184, 18-5, 18-6, or 18-7) c/o

i

Mean pedestrian speed, 8, (fis)
1 Mean bicycle spesd, 8, (It/s)
|_Same-direction bicycle flow rale, Qg (bicycles/h)
I Opposing-direclion bicycla flow rate, Q,y, {bicycles/h)
¢ Passing evenls, F (svonts/h), F,=0w(l——:f)
I Opposing events, F, (evente/h, Fo=u{te )
Total events, F (evenla/h), F = F, + 0.5F,,

LOS (Exhibit 18 _
Pedestrian Delay al Signalized Intersections 1 2 3 4 5
Cycle length, G {s)

Effective green time for pedeslrans, g (s)
Average delay, d, (s), d, =59
LOS at signalized intersections (Exhibit 18-9)
Pedestrian Delay at TWSC Intersections
, Pedestrian walking speed, Sp ()
i Pedestrian start-up time, 1 (s)
Length of crosswalk, L (f)
Single pedestrian critical gap, & (s}, t, = SL+ L
P

Typical pedostrian number in crossing platoon, N,
Spatal padestran distibution2 N, (p),  N,= mr[."ﬂ(gl_;:'_ﬂq
Group critical gap, tg {s), 1g = I + 2{N, — 1)
Vehicular Tlow rats, v {veh/s)
Average pedestrian delay, dp {s), d, = % {—vlg—1)
LOS al unsignalized intersections (Exhibit 18-13)
Average Padeslrian Travel Speeds Over Several Links
Lenglh of link,3 L; {ft)
Average travel speed, S, (ft/s), S, =

L

l +
E—g'- )
LOS urhan street pedesirian facility (Exhibit 18-14)
E - R =

1. Includes curb widlh; stregl [ﬁrnilure. windoﬁ s'h'nps. building prﬁlmsmns. inside clearance, and all other field-observed obstructions.
2. Wthers is ao plaloon crossing, assume N, = 1.

3. Link (englh includes segment ength of sidewalk and upsimam signal Ik langth,
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EXAMPLE PROBLEM 2

The Shared Path An east-west, uninterrupted, two-way, pedestrian-bicycle facility 8.0-ft
wide. '

The Question = What is the LOS of this facillty? Ifit is operating lower than LOS C,
what is the LOS for pedestrians on a separate path?

The Facis
Y Effective width = 8.0 ft;
) Bicycle flow rate in the same direction = 100 bicycles/h;
< Bicycle flow rate in the opposing direction = 100 bicyclesth; and
v Peak pedestrian flow = 100 p/15-min.

Comments
v Assume a pedestrian speed of 4.0 ft/s;
Y Assume a bicycle speed of 16.0 ft/s; and
N Assumie bicycles need a 8.0-ft-wide path. If a separate pedestrian path is needed,

use a width of 5.0 ft.
Outline of Solution  All input parameters are known; therefore no default values are

required. LOS for the shared path wiil be determined, If the result is LOS C or lower,
average unit flow rate and LOS for a separate pedestrian facility will be determined.

Steps

1. Determine number of passing events, Sp
F, (use Equation 18-3). Fp=Qg|1-Z=

4.0
F. =100 1- =X |=
P [ 16, 0) 75 events/h

2. Determine number of opposing

S
events, F,, (use Equation 18-3). Fan =Qob (H—-S—z]

4.0
Fy=100[1+——{=125¢
m ( 16, 0) vents/h
3. Determine total number of events, F | F=F, +0.5F,
(use Equation 18-4). F =75 + 0.5(125) = 138 events/h
4. Determine shared-path LOS (use LOSD
Exhibit 16-8). Need separate pedestrian path or
walkway.
5. Findv, (use Equation 18-2). Assume v =15
1.5-m walkway will be constructed for P15 We
pedestrians. 100
vy =————= 1.3 p/mi
P=15°5.0 p/minit
6. Determine LOS for a separate LOSA
pedestrian facility (use Exhibit 18-3).
Results  The shared pedestrian-bicycle facility operates at LOS D for pedestrians. If a

separate 5.0-ft pedestrian walkway is provided, LOS A could be achieved for pedestrians.

Chapter 18 - Pedestrians
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Example Problem 2

s

Analyst

Facitity :

i Agency or Company PR ¢ - Jurisdiction
| Dale Performed 299 Analysis Year

Andlysis Time Period  __ PReak

@ Operational (LOS) O Design (W) Q Planning {LOS)

Total width of crosswalks, Wy {ft)

Sum of obstruclions width and/or shy distances,' W, (i

Effeclive crosswalk width, W {f0), W = Wy - W, 50
Peak 15-min flow rate (both direclions), v {p/15-min) 100
i Padestrian unit flow rate, v, (p/min/f), v, = ﬁx}f'w; 1.5
i L0S (Exhibits 18-3, 18-4, 18-5, 18-6, or 18-7) A
R ik
Mean padesirian speed, S, (ft/s) 4.0
Maan bicycle speed, S, (ft/s) 160
Sama-direction bicycle flow rale, Qg (bicycles/h) 100
Opposing-direction bicycl flow rate, Q, (bicycles/h) 100
B
Passing events, Fy (svanis/h), F..=°¢('— _s:‘) 75

Opposing events, F,, (evenis/h), , = On(lo —:.g)

Tolal events, F {events/), F = F, + D.5F

L0S (Exhibit 18-8)
 Grogsings at Slgnalized Intersectlon
) Pedestrian Delay at Signalized Inlersections

_ Cydelengih, (5
. Effective green lime for pedestrians, g (s)

Average delay, d, (5), d, =25C-0

Losat signalized infersections {Exhibit 18-8)

Pedestrian Defay at TWSC Intsrseclions

Pedesirian walking speed, S, {ft/s)

Pedestrian start-up time, t, (s)

Length of crosswalk, L (f1)

Single pedestrian criical gap, 1, {s), {. = s_h L
n

Typical pedestrian number in crossing platoon, N,

Spalial pedestrian distibution,? Ny (5), N,= T M:-_‘ﬂu
W

Group critical gap, lg (s), lg = L, + 2(N, — 1)

Vehicular flow rale, v (veh/s)

Average pedesirian delay, dy (s), L —‘1’— - vlg— 1)

LOS at unsignalizod intersections (Exhibit 18-13)

Average Pedeslrian Traval Speeds Over Several Links

Length of link3 L; {ft

Average ravel speed, Sp ('s), Sp= —L—
rag peed, Sa (fi's) Sp 2—;"-'201

LOS urban street pedestrian facility (Exhibit 18-14)

Notes

1. Includes curb width, slml- .ﬁlmilurs, window shops, building protrusions, inside clomés, and all o y
2. there is no platoon crossing, assums Ny = 1.

3. Link length includes segment length of sidewalk and upstream signal crosswalk lengli.
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The Crosswalk A pedestrian crossing at a signalized intersection operating on a two-

EXAMPLE PROBLEM 3

phase, 80.0-s cycle length, with 4.0-s clearance, and no pedestrian signals.

The Question
available space?

The Facts
Major strest

Minor street

What is the pedestrian LOS at the crossing, based on delay and

v Crosswalk length, Ly =46.0 ft;

 Crosswalk width, Wy = 16.0 fi;

vV Inbound pedestrian count, vy, = 450 p/15-min;

¥ Qutbound pedestrian count, vy, = 240 p/15-min; and
V Phase green time, Gy = 44.0s.

v Crosswalk length, L, =28.0 ft;

v Crosswalk width, W, = 16.0 ft;

vV Inbound pedestrian count, v, = 540 p/i5-min;

Vv Outbound pedestrian count, v, = 300 p/15-min; and
¥ Phase green time, G, = 28.0 s,

Corner v Radius = 20.0 fi;
v Sidewalk flow, vy, = 225 p/15-min; and
v Sidewalk width, Wy orp = 16.0t.
Comments

¥ Assume pedestrian crossing speed of 4.0 ft/s and no pedestrian lost time.

Steps

1.

Compute average delay for
pedestrians crossing both
streets (use Equation 18-5),
Based on the assumptions, the
effective pedestrian green
times are equivalent to the
displayed parallel vehicle green
time.

_(C-GP

% 2C

. _ (80.0-28.0)2
dp (maior) = == 50.0)

Using Exhibit 18-9, LOS B.
. 80.0-— 44.0)2
d =——-——( =8,
b (minor) 2(80.0) 8.1s

Using Exhibit 18-8, LOS A,

=16.9s

2. Net time-space available for L
crossing major street (use TS =L4Wg| G — 55~
Equation 18-11). P
TS = (46.0)(16. 0)(28.0 - %) = 16,376 ft2-s
3. Perform crosswalk LOS time- Vo = 540Y80.0) _ 48 plovele
space analysis. Convert flows @15 \'s0 ) pioy
to plcycle. Voo = 27 pleycle; vy = 40 pleycle; vy, = 21 ploycle;
Vap = 20 pleycle
4. Perform street corner analysis. | Vit = 48 + 27 + 40 + 22 21 20 = 156 p/cycle

Total circulating pedestrian flow
and available time-space (use
Equation 18-6).

TS = C(W,W, ~ 0.215R?)
TS = 80.0[(16.0)(16.0) - 0.215(20)%] = 13,600 ft>-s

Chapter 18 - Pedestrians
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(continued) Holding-area

Ra
Q — VaoPmi

waiting time for pedestrians 2C

waiting to cross major street. 2

Note that the red time, Ry, is | q,, = 2K44.0+4.0° .0, ,
e o = ~5(80.0) “4ps

equal to the major-street green )

plus the one clearance interval

(use Equation 18-7).

The holding time for VeoR m12

pedestrians waiting to cross the | Qtco = 5

minor street (use Equation 27(28.0+ 4.0)2

18-8). = &fe8.0+49) 47280

Net time-space available at
corner—assume 5 ft2/p in
queue (use Equation 18-9).

TSC =TS~ [5(Qtdo + Q(co)]

TS, = 13,600 - 5(302.4 + 172.8) = 11,224.0 ft*-s

Example Problem 3

Space per circulating _ T8¢
pedestrian (use Equation 4y
16-10). 11,224.0
M=—""2 18,0 2
a(i58) 8.0 ft/p
Using Exhibit 18-3, LOS D.
Crossing the major street: N=Ydo(C—Ge)
number of pedestrians C
accumulated at start of _ 21(80.0-28.0) _
pedestrian green time. N= 80.0 = 14 ploycle
Crossing time needed to L . N
service the 14 padestrians (use 1=S:2 a + (2‘7 Wg
Equation 18-13). 46.0 46.0
t=3.24+—+|2.7 —— | =17.
40 +( 16.0) 17.18

Total crosswalk occupancy time | T= (Vg + Vgo) t

required for crossing (use T =(40 +21) (17.1) = 1043 p-s
Equation 18-14).
Space per pedestrian crossing M= TS _16,376 =1 2
(use Equation 18-15). T 1043 5.7 1%
Using Exhibit 18-3, LOS D.
Crossing the minor street. N =12 pleycle
t=122s
TS = 18,144 fi2-s
T=915p-s
TS 18,144
M=——==— - =198 ft2
T 915 1981t

Using Exhibit 18-3, LOS D.
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Example Problem 8

Results )
Facility and Activity LOS Criterion® Value LOS

Cormer—waiting time, crossing Delay (s) 16.9 B (Exhibit 18-9)
major street

Corner—waiting time, crossing Delay (s) 8.1 A (Exhibit 18-9)
minor street

Corner—circulating space Space (ft2/p) 18.0 B.(Exhibit 18-3)
Crosswalk space on major street Space (ft?/p) 15.7 D (Ekhibit 18-3)
Crosswalk space on minor strest Space (ft2/p) 19.8 D (Exhibit 18-3)

Note

a. D'elay Is the primary LOS criterion for corner areas.

Chapter 18 - Pedestrians
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PEDESTRIANS AT SIGNALIZED INTERSECTIONS WORKSHEET Example Problem 3

a Interseotion/Cornar Signal Crossing
Agency or Company NCsU Jurisdiction
Date Parformed — G238 Analysis Year 1929
Analysis Period Peak .
@ Operational (LOS) O Design (We) O Planning {LOS) O Panning (W) |
Cycle length, C ‘ 800 s
Minor-street red phase, Ry +.0 ] |
Major-sireel red phase, Ry 220 s bm_, w M
Minor-strest effective green, g; MO s L L. 460,
Major-streel effectivegreen,g; 260 s \\\\x A N

Flow, p/15-min| Fiow, Tﬁ%j}ﬁm Fiow, /s * C I 1 ]
Ve 540 0.60 48 ""'(l'»)ml
Vo | 300 0.35 27 _iﬁ-f
Vi 450 050 40 -
Voo 240 027 21
Yub| 225 0.25 20

i Vlat_ _ 1755 L95. UA 156

Total ime-space, TS (i%s) TS = CW, Wy - 0215R) ’ 13,600
Time spent by padsstrians crossing major sireel, Qyg, (p-5),
Qo =207 3024
Time spent by pedestrians crossing minor streel, Q. (p-5),

= ¥ 172.8
Qm —mz%“—
Total time-spacs avallable, 1, {fi2-s),

11,224.0

75, =TS - [5(040 * Q]

Cireulation area per pedasirian, M (%), M =

LOS (Exhibit 18-3)

3@&

indicalion. Npns = _%_

2 IW>1011= 3-“’*?,*(2-7'67‘5% bullle10n,l=3.2+T’+(0.27Nm).

Average Pedestrian Delay at Signalized Intersections Crosswalk D Crosswalk C
Average delay, d, (), dﬁm 69 -
LOS at signafized intersection (Exhibit 18-9) B A
Number of pedestrians arriving during Don't Walk or red indication,
Npe (P) 14 12
Average pedestrian walking speed, Sp (t/s) 40 40
Total crossing time,?t {s) 171 122
i - [
Tota! time-space, TS (f%-s), TS = LWWALK + FDW - E," 16,376 18,144
Tolal crosswalk occupancy time, T (p-s) .
T=(y+ Vpﬂ 1,045 915
Number of conflicting right-turning vehicles, Ny, (veh)
Time-space of right-tuming vehicles, TSy, (fi2-s),
= 40N, We
Effective lime-space, TSy (m2-s), TS =TS - TSy 16,376 18,144
Cimu.lraslion area per padestrian, M (ft2/p),
=S 157 2.8
T
LOS (Exhblt 18-3) 2] 2
R A .

1. Number of paoplo in the augsn( movemeni who arrive bufuu {he WALK or concurrent green indication and exit the wm dunng the WALK or concurrent green
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EXAMPLE PROBLEM 4

The Crosswalk  Crosswalk of TWSC intersection on a major street without a median.

The Question  What is the LOS for pedestrians crossing the major street with no stop
signs?

The Facts
v Pedestrian walking speed = 4.0 fi/s;
v Pedestrian start-up time and end clearance time = 3.0 5;
v Crosswalk length = 40.0 ft;
v Effective width of crosswalk = 10.0 fi;
v Flow rate = 400 veh/h or 400/3600 = 0.11 veh/s; and
v Pedestrian flow rate = 72 p/h or 72/3600 = 0.02 p/s.

Outline of Solution All input parameters are known. Critical gap values are computed
to determine the average delay of pedestrians. Use the delay to determine LOS.

Steps
1. Find t, (use Equation 18-17). L
t, = ) + 15
p
t, =%+ 3.0=13.0s
2. Find N, (use Equation 18-19). Yo e 4 vete
Ne = Ty
(vp +v)e'™ b
0. 029(0.02'13.0) +0. 19(-0.1 1*13.0) S
¢ T 0.02+ 04 1)e(002-0.17)130 =
3. Find N, (use Equation 18-18). _
P Np = INT[——B'O(N" 1)]+1
We
8.0(1.3-1)
N, =INT| ——= =
p [ 10.0 ]+1 1
4. Find tg (use Equation 18-20). tg=1.+ 2(Np -1)
tg=13.0+2(1-1)=13.0s
5. Find d, {use Equation 18-21).
ind d,, (use Equation ) dp=—1-(e"'6—th—1]
v
_ 1 o113y _ _
dp_olﬁ(e (0.11)(13)—1)—15.9s
6. Determine LOS (use Exhibit 18-13). | LOS C

Results  The pedestrian crossing operates at LOS C.
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Example Problem 4

PEDESTRIANS WORKSHEE
o RALE)
Analyst Facility
Agency or Company __¢E Jurisdietion
Dale Performed —5/9/99 Analysis Year 1999

Analysis Time Period Feak
@ Oparational (LOS

[w] l_’l_ann_lng (L0S)

O Planning (We)

Total width of crosswalks, Wy (R)

Sum of obstructions width and/or shy distances,! W, (i}

Effective crosswalk width, We (ft), W =Wy =W,

100

Peak 15-min flow rata (both diraclions), v5 (p/15-min)

Mean pedestrian speed, S, {fV's)

Msan bicycle speed, S;, (ft/s)

‘Same-tirection bicycle flow rats, Gy, (bicyoies/h)

Opposing-direction bicycle flow rate, Oy, (bicycles/h)

Passing events, F (svenish), F,=Qufl-2-)

Opposing events, F,, {events/), £, = a,,,(u—:f—)

Tolal events, F {svenist), F = F, + 0.5Fy,

Pedeslrian Delay at Signalized Intersections

Cycls length, C (s)

Effective green Iime for pedeslrians, g (s)

Average delay, dy (s), d, =ﬂccl1z

LOS al signalized intersections (Exhibit 18-8)

Pedestrian Delay at TWSC Inlarsections

Pedestrian walking speed, S, (fl/s) 40
Pedestrian start-up time, i; (s) 3.0
Length of crosswalk, L (fi) 40.0
Single pedesirian critical gap, t, (s), 1, = SL; k 30
 Typical pedestrian number in crossing platoon, N 13
Spaial padestian disrtuion? N (p). vy =l 208e=11]. 1
LW
Group critical gap, ig (), tg =k, + 2(N, — 1) 130
1 Vehicular flow rate, v (veh/s) on
I Average pedeskian datay, dy (s}, 4, = % (- vlg—1) 59
LOS at unsignalized intersections (Exhibit 18-13) c

Avarage Pedestrian Travel Speeds Over Several Links

Length of link3 L; (f)

e travel speed, Sy (fU's), Sp= —L—
Averag i a (fUs), Sy, Z%L'M

2. I theve is no pizloon crossing, assume N, = 1.

_. 3. Link fengh Includes segmenl langth of sidewalk and upsiream signal crosswalk lenglh.

1, Includes curii wlﬂfh, slrosl furniture, window shops, building protrusions, insite clearance, and all other field-obssrved obstractions.
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EXAMPLE PROBLEM 5

The Sidewalk A proposed 1.25-mi pedestrian sidewalk on a new urban street with
three signalized intersections.

The Question What is the LOS with the projected pedestrian volume? What is the
minimum effective width required to achieve LOS B?

The Facis
v Projected peak 15-min pedestrian volume actoss the urban street = 600 p/15-min;

and
vV L, = 1,650t L, =650 ft, Ly =3,300 ft, L, = 1,000 ft.

Comments
+ Assume C = 90.0 s for all intersections;
v Assume g = 0.5C — 4.0 = 0.5(90.0) — 4.0 = 41.0 s for all intersections; and
v For planning, use default of 4.0 ft/s for pedestrian walking speed.

Outline of Solution Allinputs are known. Pedestrian delay at each intersection and
speed over the entire urban street are determined. LOS for the whole facllity Is
determined. The maximum unit flow rate to achieve LOS B will be used to estimate
effective sidewalk width.

Steps
1. Compute average delay of d _C-gP
pedestrians at intersections (use P 2C
Equation 18-5). 4 - feo0-4 02 1338 o
P~ 2(900) % T
2. Find S, (use Equation 18-22). Ly
Sp= T
—+¥d
> S +Xd
Sh = B EIN - 3,91 fils
Find LOS (use Exhibit 18-18). LosB

Find maximum unit flow rate for LOS | 7 p/min/t
B {use Exhibit 18-3).

5. Compute W (use Equation 18-2). Vig
Ve =15 Wi

Vis
We=15+ v

600

We =15*7 = 8.7 1t

Results  The proposed sidewalk will operate at LOS B. To achieve LOS B, the
sidewalk requires an effective width of 5.7 ft.

Chapter 18 - Pedestrians
Example Problems

18-30



Highway Capacity Manual 2000

Example Problem 5

Analyst e JMYE
AgencyorCompany ~ ____CEI
Dats Pariormad 5/9/99

Analysis Tima Pariod _ Peak

Q Operalional (LO_S__) ]

Facility
Jurisdiction
Analysis Year 1299

L) Planning (LOS)

S

Total width of crosswalks, Wy (ft)

Sumraf obstructions width and/or shy distances,” W, (ft)
Eflective crosswalk width, W (f), We = Wy =W, 57
Pea 15-mif flow rals (both difeclians), vy5 (pF15-in) T e
Pedestrian unit flow rale, v, (p/min/f), v, = %-‘{qg
LOS (Exhibits 18-3, 18-4, 18-5, 18-6, or 18-7)

Mean pedestin speed, S (s

Mean bicycle speed, S; (f/s)
Same-direction bicycle flow rats, Qg (bicycles/h)

Opposing-direction bicycle flow rate, Qg (hicycles/h)
5,

Passing avenls, F, (events/h), F,= Q-(‘-f:)

Oppasing events, Fy, (events/h), F,, = a,,,(u—i:—)

Total events, F (events/h), F=F, + 0.5F,

LS [oibit 18-8)
Pedestrian Delay at Signalized Intersections 1 2 3 4 5 6 7
Cycle length, C {s) 800 00| 900
Effective green lima for pedestrians, g (s) : 410 | 410 | 410
Average delay, d, (5), d, =056 133 | 183 | 183
LOS at signalized intersections (Exhibit 18-8)

Pedestrian Delay at TWSC Inlersections
Padestrian walking speed, S, {ft/s)

Pedstrian stari-up time, 1, {5)

Length of crosswalk, L {ft)

Single pedesirian critical gap, t; (s), & = sln +

Typical pedestrian number in crossing platoon, N,

Spatial pedastrian distribution2 N, (p), Mo =IN L“%'_" o1

Group critical gap, tg (s). lg = & + 2(N; = 1)

Vehicular flow rats, v {veh/s)

Average pedestrian delay, dj (s), d, = % (H—vig—1)

LOS at unsignalized intersections {Exhibit 18-13) N

Average Pedeslrian Travel Speeds Over Several Links

Length of link 3 L (f) . 1650 | 650 | 3,300| 1,000

Average travel spesd, S, (ft/s), S4= —1—
rage pesd, S (ft/s), Sy i

o

391 |38 391 | 381

LOS urban sirest pedestrian facility (Exhibit 18-14)

s e s L S i
1. Includes curb wicth, sireal furnilure, window shops, building prolrusions, inside cloarance, and all olher field-obsarved cbslructions.
1 2. INhersis no pietoon crossing, assume N, = 1.

{_3. Link langlh includes segmenl langlh of sidewalk and upsiream signal crosswalk length.

V. REFERENCES
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2. Pushkarev, B., and J. Zupan. Urban Space for Pedestrians. MIT Press,
Cambridge, Mass., 1975.
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e DE SIRIARS WOSMSHEEN

i
R

SR B NS

Analyst - acility

Agency or Company - Jurisdiction

Date Performed _— Analysis Year

Analysis Time Period

0O Operational (LOS) 0 Design (W) Q Planning (LOS)
: ,jﬁm,“ : R o TR o :i. s

Total width of crosswalks, Wy (ft)

Sum of obstructions width and/or shy distances,” W, (fl

Effective crosswalk width, Wg (), W =Wy —W,

Peak 15-min flow rate (both directions), v4s (p/15-min)

Pedestrian unitflow at, v, (p/min/t), v, = 75

LOS (Exhibits 18-3, 18-4, 18-5, 18-6, or 18-7)

i

Mean pedestrian speed, S, (ft/s)

Mean bicycle speed, Sy, {ft/s)

Same-direction bicycle flow rate, Qg, (bicycles/h)

Opposing-direction bicycle flow rate, Q,y (bicycles/h)

s
Passing events, F, (events/h), F,,=0.|,(1—§:;)

Opposing events, F, (events/h), , = u,,,,(1+—§:-)

Total events, F (svenis/h), F = F, + 0.5F

LOS (Exhibit 18-8)

7 T e B

terseclioné 1

%

Pedestrian Delay at Signalized In

Cycle length, C (s)

Effective green time for pedestrians, g (s)

Average delay, dy (s), d, =%"ﬂz

LOS at signalized intersections (Exhibit 18-8)

Pedestrian Delay at TWSC Intersections

Pedestrian walking speed, S;, (f/s)

Padestrian start-up time, t (S)

Length of crosswalk, L (ft)

Single pedestrian critical gap, t, (3), ; = §'1+ s
P

Typical pedestrian number in crossing platoon, N,

Spatial pedestrian distribution Ny (p), N, = vt} 3Ne=1) ¢

We
Group critical gap, g (s), tg = o + 2N, — 1)

Vehicular flow rate, v (veh/s)

Average pedestrian delay, dp (s) dp= % {eo—vig - 1)

LOS at unsignalized intersections (Exhibit 18-13)

Average Pedestrian Travel Spaeds Over Several Links

Length of link3 L; {f

Average travel speed, Sy (ft/s), Sa= —17—
ragy peed, Sy (f/s), S o

LOS qrbar_l streel pedestrian facility (Exhibit 18-14_) '

2. If there is no platoon crossing, assume Ny =1,
3._Link length includes segment length of sidewalk and upstraam signal crosswalk length.

1. Includes curb width, street furniture, window shops, building protrusions, inside clearance, and all ofher field-observed obélrimiib I

Chapter 18 - Pedestrians
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Intersection/Corner

Analyst

Agency or Company Jurisdiction
Date Performed Analysis Year
Analysis Period

PEDESTRIANS AT SIGNALIZED INTERSECTIONS WOFIKSHEET

Q Operational (LOS)

Cycle length, C
Minor-street red phase, Ry;
Major-street red phase, Ry
Minor-street effective green, g;
Major-street effective green, g, 5

[ -

Flow, p/15-min{ Flow, 15| an = Flow, p/s * C

Total time-space, TS (f2-s) TS = C{W,W, - 0.21 5R2)

O Planning (LOS)

>
::.‘ i Major Sieet
N
N celg— f
ANANNNRNA L .
P X
# i
o ! e
& W W,
. a e 0 @
i +*
B Lﬁ' _ ‘l""
] ! L
\ Yoo Va ]
Ninor Street | ' !
—
' Crosswalk |
Y ©

O Planning (W)

Time spent b}/ pedestrians crossing major street, Qugq (p-S)

o =0 2?:

Time spent by pedestrians crossing minor street, Q. (p-S),

Qo = Yoo i R

Total time-space available, TS, (ft-s),
TS = T3 = [5(Gigo * Qo]

Circulation area per pedestrian, M (R2/p), M = T

ol
LOS (Exhibit 18-3)

Average Pedestrian Delay at Signalized Intersections

Crosswalk D

Crosswalk C

Average delay, d, (s), 4, 05(C-g)?

LOS at signalized intersection (Exhibit 18-9)

Number of pedestrians arriving during Don't Walk or red indication,
Npad (9)

Average pedestrian walking speed, S, (ft/s)

Total crossing time,2 t (s)

Total time-space, TS (f2-s), TS = LW(WALK + FOW - %)
p

Total crosswalk occupancy time, T {p-s)
T={v+ Vit

Number of conflicting right-turning vehicles, Ny, (veh)

Time-space of right-turning vehicles, TSy, (ft2-s),
TSy, = 40Ny W

Effective time-space, TSg (R2-s), TSp =TS TSy

Circulation area per pedestrian, M (f2/p),
T8
M=

_LOS {Exhibit

indicalion. Moo !%_

2, |fW>10ﬂ,l-32+—“+ 2.7 ;bulifWS10fl.l=3.2+—‘ +(0.27N,0q).
S S ned

1. Number of people in the sublecl movement who arrive before the WALK or concurrent green indication and exit the curh during the WALK or concurrent green
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