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Chapter 1
THE PLANNING PROCESS

| - PLANNING PROCESS

The planning process shown in Figure 1.0l1 is based
on an iterative approach consisting of a series of
steps., At the end of each step, the process is review-
ed and modified, if necessary, based on new data and in-

formation.

The major steps of the planning process are:

1.

2,

to identify the objectives and re-
quirements of the system.

to select criteria on which the ob-
jectives will be judged.

to forecast future land use, popula-
tion, and requirements that will be
placed on the system,

to develop models to characterize
the functioning of the system and
its interaction with its environment,

to devise alternative systems which
have the potential of fulfilling the
objectives and satisfying the re-
quirements.

to analyze the performance of alter-
native systems and evaluate the po-
tential consequences of each one.

to select the optimal system,

to develop complete design and sEec-
ifications of the chosen system.

Il - GOAL FORMULATION

The future goal of a transportation system is fur-
thering the growth of social development and making a-
vailable the resources and opportunities of the city to
all its citizens.

TP=-1-1
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The formulation of goals requires the choice between
similar and conflicting interests and levels of values.
All consliderations (social, legal, aesthetic, political,
economic, technical, and environmental) are weighed, e- 5
valuated and reconciled with respect to society's needs.

The planner bases the goals of a transportation sys-
tem on the opinions and attitudes of the community and
the dictates of the politicians. These goals are usually
generalizations which must be converted into specific ob-
Jectives if the planning process 1is to function effec-
tively.

The goals also serve as a measure of the effective-
ness of the planning process.

lll - DECISIONS

The criteria for formulating decisions 1s based on
economic return and the responsiveness of the solution
to social values. The first decision i1s: Should funds
be spent on a transportation system or should they be
spent elsewhere? After reaching the initial decision,
then it must be decided by how much, in what way, and
when. To answer "how much" requires an understanding of
the nature of community gain. Therefore, the decision
problem in mass transit cannot be separated from the
other problems of the community.

The decision-maker should attempt to determine and
evaluate the range of the benefits and drawbacks of al-
ternative decisions on each of the affected communities,
rather than engage in a social accounting for some gen-
eralized community.

The best design for a transportation system 1s one
that ylelds the highest social return on the invest-
ment, and that reconciles most effectively the conflict-
ing interests of the individuals and various groups in
the community affected by the project.

In addition to the more conventional criteria
(comfort, convenience, frequency of service, etc.) in
the evaluation of a transportation system, the following
factors will influence decisions concerning urban trans-
portation: accessibility to opportunities, environment-
al effects, long-term impact on land use and level of
service.
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IV - SOCIAL VALUES

The description of the significant aspects of soci-
ety's condition, progress or retrogression, is known as
"social accounting." Social accounting identifies the
social problems and furnishes effective solutions de-
signed to resolve them, the ultimate purpose of which
is the satisfaction of society's goals through the di-
rection of public policies.

To function effectively, social accounting must use
scientific method, follow the rules of logic and employ
the appropriate scale of measurement. Its objectives
are changes in social indicators which are classified as
either benefits or costs.

The following procedures should be used to identify
the improvements that have a high priority in a social
accounting system:

1. "Analyze the need for major social
programs (health, education, law en-
forcement, welfare, etc.) for im-
proved transportation systems."3

2. Analyze urgent concerns (poverty,
racism, law enforcement, education,
etc.) of urban areas to determine
what contribution various types of
transportation systems would con-
tribute to the solution.3

3. Analyze and identify specific social
functions (mass transit for low-in-
come groups, better transportation
to jobs, etc.) that could be improv-
ed by begter mass transportation
systems.

V - PUBLIC OPINION

Public opinion provides guidelines for the planning
of the transportation system by relating the needs of
the citizens and the goals of the system.

Planners are interested in the relationships be-

tween the facilities and the people who use them. The
individual's perceptions and attitudes make an important
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contribution to the evaluation and design of the system.

The process by which individuals evaluate trans-
portation facilities, form opinions about them, and make
decisions about where, when and how to travel and where
to work and live 1s given in Figure 1.02. It 1s appar-
ent from the Figure that both opinions and travel behav-
ior are the results of the processing of information by
the individual. Since behavior is constrained by the
nature of the system, opinions provide an alternate
source of information of value to the planner, but one
that 1s rarely used to i1ts full potential.

Planning decisions could probably be made more ef-
fective by greater inclusion of the opinions of citizens,
as well as their behavior, as informational inputs to the
transportation planning process. However, it 1s diffi-
cult to involve all segments of the population in the
decision-making process because of the lack of establish-
ed channels for these people to make a meaningful input
to this process.

VI - ACCESSIBILITY TO OPPORTUNITIES

Transportation improves economic development of a
region by making the region geographically accessible.
Economic development 1s the primary objective for large-
scale investment in transportation except in urban areas
where the objective 1s to make available the assets and
opportunities of the city to all 1ts citizens.

In urban areas, many people are denied access to
the services and facilities (employment, education,
housing, medical care, recreation, etc.) of the city be-
cause of poor public transportation or lack of an auto-
mobile. Therefore, accessibility to opportunities
should play a major role in the evaluation of a trans-
portation system's performance.

VIl - LEVEL OF SERVICE

The level of service should define:

1. the efficiency of the transportation
system.
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2. the influence of the system on the
community; favorable or unfavorable.

3. the support of the programs of so-
ciety by the system.

The level of service consists of two main categories
that describe the quality of service; direct and in-
direct. The direct category describes system capability
(cost, time, safety, comfort) with its principal impact
on the surrounding environment. The indirect category is
composed of physical and psychological effects.

The level of service is composed of several elements
such as purpose, quantity, direct and indirect effects,
and resources consumed. The relative importance of each
element, which 1s a measurable quantity relative to an
established standard, will vary with the user and circum-
stances.

The decision-maker should use the relationship be-
tween level of service and performance of the transporta-
tion system in allocating funds and in compromising con-
straints and requirements.

Comparison of alternative systems should be made on
the basls of impact on demand, the environment, and the
activities which require the services.

"The level of service measurement must provide an
accurate, usable representation of the performance of
the system so that the decision-maker, the activity-
user, and the system-designer have the same view of the
required performance."

Vill - INNOVATION

The transportation system must be aware of changing
conditions and react quickly to them, if the system is
to continue to serve adequately the community's require-
ments. To react to these changes may require innovative
ideas involving uncertainties arising from construction,
performance, compatibility with existing transportation
systems, and public opinion.

Due to the financial and political risks involved,
the level of innovation in urban mass transportation
systems has been relatively low.
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To increase the level of innovation, it will be
necessary to test the innovation under actual condi-
tions on a small-scale before incorporating it into the
transportation system,

IX - ALTERNATIVES

The planner must make the decision-makers aware of
the alternatives and their effects on the community.

Many of the alternatives are severely limited due
to the planning methodology and institutional setting in
which they are conducted. The institutional setting
usually stresses a single method and precludes innova-
tion.

"To broaden the spectrum of transportation alterna-
tives that can be analyzed and evaluated for potential
implementation in urban communities, the following prin-
ciples should be observed:

1. Transportation planning and invest-
ment studies should not be tied to
any single mode but should be con-
ducted within an institutional set-
ting that encourages the compre-
hensive analysis of several modes.

2, The potential of various forms of
transportation - pedestrian, auto-
mobile, transit, and multimodal
systems - to provide a broader range
of integrated services, should be
more systematically analyzed. Par-
ticular attention should be given to
the interface among the several com-
ponents of urban transportation sys-
tems and between urban and inter-
city systems,

3. A mixed strategy should be employed
in which short-run improvements,
based on available technology and
practices, are instituted within a
framework of more comprehensive and
longer run programs that might in-
clude unconventional technology.

4, In view of the very rapid rate of
technological and social change,
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5.

6.

preference should be given to im-
provements that can be introduced in-
crementally so as to avoid "locking
in" the future with massive fixed
investments.

Systems engineering studies that ex-
plore the potentials of new technol-
ogies should be made an integral
part of the urban transportation
planning process so as not to base
transportation plans on, or continue
to encourage the adoption of, out-
dated or obsolete technologies,

Transportation systems analysis tech-
niques should be developed and adopt-
ed that allow for a rapid screening
of a wide range of candidate systems
in terms of both level of service and
community impact. These overview
techniques should not rely on massive
accumulations of data but should serve
to suggest the most effective direc-
tions for subsequent, more intensive
data collection and analyses.

Research should be encouraged in for-
mal design and search techniques, in-
cluding systems optimization and math-
ematical programming models, Both
community impact criteria and trans-
portation service objectives should be
made an explicit part of the model
system,

Because land use is part of the sys-
tem, any selection of alternatives
should include those that vary land
use arrangements, as well as trans-
portation facilities."2
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X - ANALYSIS

The following guidelines, based upon social goals
rather than economic return, should be established for
analysis of transportation requirements.

1. "Transportation is not an end in it-
self.

2. Transportation is a part (subsystem)
of society's activities.

3. Transportation developments should be
derived from the requirements of so-
clety's social and economic activi-
tles rather than from its potential
for growth.

4, Whether the investment of public
funds will produce a net increase or
decrease in the community's economic
resources must be established.

5. Transportation analysis should per-
mit an evaluation by decision-makers,
whose priorities for solving social
problems will vary with time 1in ac-
cordance with the public interest.

6. Performance requirements and a
practical strategy for thelr achieve-
ment must be established before trans-
portation system design and long
range planning is undertaken."3

The following set of guidelines for the analysis of
a mass transportation system are based upon the preced-
ing section:

1. Mass transportation studies should
be directed towards transportation
needs, instead of some other ob-
Jective to fulfill the economic
goals.

2. The desired level of service, the
quantity, and, or time usage, and
the social and economic livelihoods
must be determined.
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3. The requirements of a mass transport-
ation system must be dtermined
through the analysis of mass trans-
portation goals before the most ef-
fective solution to teh system can be
designed.

4. The results of investing public or
private funds in mass transportation
should be dtermined.

5. Identify and evaluate alternative
systems that fulfill the requisites:

a) with the resources allocated
b) within the constraints imposed
c) within the desired timetable

6. The decision-maker should review the
alternative solutions and their con-
sequences before making the final
decision.

The flow diagram in Figure 1.03 depicts how the de-
sires and values of society lead to the construction and
operation of transportaion systems.3

Xl - EVALUATION OF ALTERNATIVES

A method must be established to inform the decision-
maker of the benefits of each alternative in relation to
the goals of the program. Existing methodology is suit-
able when similar low cost proposals are considered, but
cannot be used for high investment multimodal proposals.

The decision-maker must realize that certain assump-
tions were made and considerations ignored in the analy-
sis of the alternatives.

The following factors should be employed in the
evaluation of each proposal: benefit cost ratio, land
use, environmental, political, social, and economic im-

pact.
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Chapter 2
TRANSPORTATION PLANNING TECHNIQUES

| - PLANNING PROCESS

The process of planning is to take many random
observations, interpret them by consistent logical
methods, foresee the needs and desires of a particu-
lar population and implement them into a feasible
scheme.

These are the basic four steps to complete a
system. The planner is to decide which observations
are recordable and also indicative., Methods of anal-
y8is must be proposed. The assumptions in these
methods must be weighed in order to obtain the best
and most reasonably correct answer from the accumu-
lated data. He must project these usable data to de-
termine the best of the proposed alternatives.

Il - DATA COLLECTION

Data collection is a vital phase of planning.
It gives the planner facts to:

1. know what exists

2, project future needs

3. establish public relations
values that indicate a careful
job and can become public record.

Data files describe the city. In general, the
data files should consist of:

1., 1land use
2. population by residence
3. employment by locations
Existing data once obtained must project future
trends of population and of land use. In forecasting
land use, the planner may encounter a region or metro-

politan area and decide where people should live,
where factories and shipping areas are to be built and
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where to locate parks, cemeteries, etc. This could
be an undeveloped area or even one that has been es-
tablished for some time and now is zoned. The plan-
ner may also run into an area unzoned and must fore-
cast growth not only in amount but also in location.

In general, "transportation plans are prepared
for a single expanded city; whether the city reaches
that size, two or three years sooner or later, is
unimportant, since administrators can accelerate the
pace of transportation construction to suit actual
growth rates,"ll

The planner provides two stages to the develop-
ment of data. Stage one is an office planning
scheme. The planner accumulates:

l. maps
2. aerial photographs
3. census data

4, previous studies made of the area,’

This information is checked for validity, com-
pleteness, currentness and usefulness,

The planner proceeds to stage two by checking the

data and adding new data that may have been omitted.
This stage is primarily field work and includes:

1., obtaining support of local gov-
ernment officials.

2. proposed urban renewal projects,
3. suburban development.
4., private housing starts.

5. 4industrial and commercial de-
velopment,’

Any impending project can have critical effects

on proposed transit developments and should be analyzed

for its effects,

Published sources of data include:
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Census Data:

b pead count - population forecast-
ing

2. size of family - growth pattern,
children - school trips

3. family income levels - number of
cars

4. older citizens - mass transit re-
quirements

5. level of education - work charac-
teristics

6. housing facilities - renters/own-
ers, density

7. density patterns of a city -
route location

8. fiscal data - employment projec-
tion

9. Jjourney to work statistics
Economic Data Sources:

l. Statistical Services of the
United States Government Execu-
tive Office of President, Bureau
of Budget.

2. Directory of Federal Statistics
of Metropolitan Areas, Advisory
Commission on Intergovernmental
Relations. Oct. 1962,

Both documents provide the methods of Federal
data collection processing and presentation
and describe in topical form principal social
and economic statistical programs of various
Federal agencies.

3. Bureau of Labor Statistics - in-

dicates national and state trends
in employment estimates.
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4. State Employment Agencies - em-
ployers must report quarterly,
number of employees, their total
taxable wages; gives a good employ-
ment count.

New methods of obtaining data including custom-
ary means should be developed. In one study the use
of aerial photography was such a source. The aerial
photograph provided a dwelling unit count and floor
area ratio count. These are excellent indicators of
trip generation and density. A check of non-resi-
dential floor area from fire insurance atlas, census
figures and field counts of mail-boxes and utility
meters showed a close correlation of data collected
by these check methods and the inexpensive, quick
aerial photography method. Twelve (12%) per_cent
errors were indicated for low density areas. The
limitations of methods too, should be developed.
This aerial method yields high errors for higher
density zones giving poorer results.

lll - ORIGIN AND DESTINATION STUDIES

To determine hourly, daily and seasonal trends
of traffic flows, a sampling procedure using traffic
counts is required. These counts establish flow maps
which can determine route and station locations.

"Land use is the most important single factor in
establishing zones for origin and destination
studies."’ Separate O & D zones should account for
one land use or a combination of land uses with the
same traffic generating capacity. The surveys can de-
termine social-economic causes, trip frequency, route
and purpose of the trip-maker.

Origin and destination returns for large samples
can only be coded for tabulation by the computer into
a limited number of columns and group classifications.
Therefore, limit the size of the questionnaire.

Methods of Obtaining O & D Data

1. Home interview - techniques in which sampling is
drawn from the complete urban universe of dwelling
units. Current lists should be drawn up from city di-
rectories, utility company records, city assessor's tax
records, and a field listing of dwelling units.
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A rule of thumb, indicating required degreg of
sampling per population of area is as follows:l

Size of Sample of

Dwelling Unit (D.U.) :+ Population of Area
lin 5 D.U. or (20%) : less than 50,000

1l in 8 - (12.5%) s 50,000 to 150,000

1l in 10 " (10%) : 150,000 to 300,000

1l in 15 " (6.,67%) : 300,000 to 500,000

1l in 20 . (5%) s+ 500,000 to 1,000,000
1l in 25 o (4%) t More than 1,000,000

Selective interviews of groups of employees at
specific buildings are good techniques.

The home interview provides the most comprehen-
sive method of obtaining travel characteristics within
a study area. Personal interviews, from random sam-
pling, obtain travel characteristics for all members
of the household by all modes of transportation. This
direct information requires a large task force and, in
general, is costly and time consuming, although it pro-
vides superior information when correctly executed.

2. Postcard-questionnaires field distributed to rider-
ship. 20% return required for usable data. Questions
should be kept to a minimum and be simple and direct.
Well publicized advertisements aid proper distribution
and completeness of this survey.

The disadvantages of post-card survey are:
(a) the required brevity of the
questionnaire may not meet ob-
jectives
(b) answers difficult to verify

(c) it is impossible to ensure ran-
dom distribution of the answers

(d) biased sample since the majority
of those answering are regular
transit users

(e) the absence of contact limits
the motivation to reply.

TP~2-5



3. Telephone pre-survey information required. Call

in evening - weekdays, after most home trips have been
completed. In order to assure the validity of the
sample and the representativity of the information, it
is essential that possession of a telephone in the home
be a common characteristic of all the social levels
being surveyed.

The advantages of Telephone interview are:

(a) a more elaborate questionnaire
that would cover all transit
modes

(b) the interviewer, when required,
could clarify the questions

(c) it is economical. Interviewer
can contact more people in a
shorter period of time and since
no travel by personnel is re-
gquired, a smaller staff could be
employed

(d) it is efficient., Quality control
easier and better coordination
possible because the interviewers
could be grouped in a central lo-
cation

(e) random distribution of sample pos-
sible

Requirements for a valid telephone survey:

(a) random distribution of sample in
time and space

(b) compatibility of sample size with
the objectives of the survey

(¢) proper choice of period
(d) abundant publicity
(e) capable personnel

(f) wverification of record
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4. On-Street Interview - people may be willing enough
to be questioned but may not give the interviewer
enough time to complete the questionnaire,

Refer "Urban Mass Transportation Travel Surveys"
by U, S. Department of Transportation for survey
design, techniques, and survey details.

IV - TRIP GENERATION

The transit planner is faced with two problems in
the realization of a new system or the extension of
the existing one,

l. What number of people would use
the system now?

2. What number of people would use
the system in the future?

Determination of who are the users of the system
is of prime importance. Without a sufficient number
of people a particular service can become under uti-
lized due to either poor location (accessibility),
excessive fares or change in makeup of the ridership.
A process of trip generations must be established
based upon present travel patterns and a determina-
tion of future demand based upon:

1. population characteristics
2. economic characteristics
3. land use characteristics

The purpose of Trip Generation is to describe
trips starting or ending in a particular zone in an
area in relation to the characteristics of land use,
social and economic characteristics to ‘estimate the
demand in trips per day. Some common methods employed

are:

l. Trip ends to land use and econom-
ic characteristics (Regression
Analysis)

2, Trip ends to land area (Land Area
Trip Rate Analysis)

TP-2-7



3. Trip ends to social and economic
characteristics (Cross-Classifi-
cation Analysis)l

To relate the characteristics of population, eco-
nomics and land use, first develop parameters that can
be recorded and analyzed into useful information.,
General parameters relate population, economy and land
use to trip production.

V- PARAMETERS

1. LAND _USE_PARAMETERS:

Land Use relationship with trip generation is
based upon measurable quantities of an activity in
areal zones of residential, commercial or industrial
sites. Each activity requires transportation to and
from sites, Intensity of use can be determined from
floor area ratio of buildings, be it a commercial zone
or floor area per unit land area for the residential
zone. Location of each site with accessibility to oth-
er sites is time and distance dependent in their re-
lationship with each other and affects the desirability
or attractive force of the site to generate trips.

Land use patterns determine the activity, intensity and
location of sites. Commercial uses are located in the
CBD with high activity and high intensity. Industrial
uses are located near major arterial and rail routes
while residential uses outlying the CBD have low in-
tensity.

A field theory of movement, relating land use and
work trips can be mathematically set.

Qj n

E (&
i=1\Rjj

VPiQj = number of one-way trips from zone i to j.

P.

VPinz

= number of workers living in zone 1i.

Q; = number of jobs available in zone j.

J
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R” = gtraight line distance between Senters i and j
assuming no physical barriers.l

Similarly, shopping trip field theory can be set
up with the following assumptions:

l. Every household makes a certain number of
shopping trips per day.

2., The number of retail employees at each
shopping center provides a measure of rela-
tive attractiveness of each center.

3. Straight line distance between center of
residence and a shopping center is proper
measure of separation.

(Ej/Rij)Hi

i=1\Rjj

Nhus, = number of one-way shopping trips from i to j.

Hj = number of households in zone i.

Ej = number of retail employees in zone j.

Rjj = straight line distance from i to .10

2, POPULATION PARAMETERS:

(a) Population patterns usually show high con-
centrations near CBD with decreaiing den-
sity with distance from the CBD,

(b) Relative importance of seven household fac-
tors ranked in order of importance are:

1
2,
3.
4.
5.
6.

family size

car ownership

income

stage in family life cycle
occupation of head of household

density of neighborhood
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7. distance from CBD.l

3, [ECONOMIC PARAMETERS:

(a) vehicle ownership
(b) family income
(c) employment

"In general, families in the higher income range
are often multi-car families which result in increas-
ed mobility. Low-income families, on the other hand,
often Qwn no cars and must rely on public transporta-
tion."

As residential density increases, fewer trips per
family are generated. High=-rise apartments have
shops, grocery and drug stores within the building or
nearby in walking distance. Thus, this higher density
will generate fewer trips than the spaced suburban
areas which require additional trips to get required
services and goods. The greatest percentage of travel
is from or to home in the urban area. Therefore, to-
tal travel can be estimated using household character-
istics which provide an accurate control check for es-
timates of trips by purpose. In addition, these trips
can be used as control checks of trips estimated to
non-residential land,l

VI - TRIP DISTRIBUTION

Once the number of trips generated from an area
are established, procedures for trip distribution of
these numbers to other areas or zones must be used.
Four useful distribution procedures have been set
down. These are models that reflect the trips that
can occur from one zone to another zone.

A, FRATAR MODEL

the procedure where, " ... the distribution of
trips from one zone is in proportion to the present
movements out of the zone modified by the growth fac-
tor of the zone to which trips are attracted,"4
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Tij(p,q)=,ii(p,q)'Gi(p)_Gj(q)_ L;(P);—Lj(Q)

where:
Li(p)=l.ocafion factor

Li(p)= ,i(p)

n
-2, t”(p,q). Gj(p)
]:

'ﬂfpﬁ) = future year trips from zone i to zone j with
a purpose p at zone i and a purpose q at
zone j.

tﬁw = base year trip ends at zone i for purpeose p.

tu(mq) = base year trips between zone i and zone j
with a purpose p at zone i and a purpose a
at zone j.

Gﬁp) = growth factor for zone i, purpose p.

B. GRAVITY MODEL

Gravity Model parallels Newton's gravitational
law and " .,.... is based on the assumption that all
trips starting from a given zone are attracted by the
various traffic generators and that this attraction is
in direct proportion to the size of the generator and
in inverse proportion to the spatial separation be-
tween the areas.”

Pi AjFij Kij
Tij = 5
.2 AjFUK”
=l
where
Tjj = trips produced in zone i and attracted to

zone i,
P; = trips produced in zone i.

Aj = trips attracted to zone j.
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i]

empirically derived travel time factors (one
factor for each l-minute increment of travel
time) that are a function of the spatial
separation between the zones and express the
average areawide effect of spatial separation
on trip interchange.

specific zone-to-zone adjustment factor to
allow for the incorporation of the effect on
travel patterns of defined social or economic
linkages not otherwise accounted for in the
gravity model formulation.

C. INTERVENING OPPORTUNITY MODEL

eee utilizes a probability concept which in es-

sence requires that a trip remain as short as possible,
lengthening only as it fails to find an acceptable des-
tination at a lesser distance. An equal areawide prob-
ability of acceptance for any origin is defined for all
destinations in a given category. 1In operation, the
first opportunity considered is the one closest to the
origin and has the stated areawide probability of ac-
ceptance; however, the actual probability is decreased
by the fact that the trip being distributed has a
chance of already being accepted the first opportun-

ity."vs

where

Tij=Oi (e‘LD-e"-(D+Dj))

trips originating in zone i with destina-
tion in zone j.

trip origins in zone i.
trip destination considered before zone j.
trip destinations in zone j.

measure of probability that a random destin-
ation will satisfy the needs of a particular
trip; it is an empirically derived function
describing the rate of trip decay with in-
creasing trip destinations and increasing
length of trip.
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€ = base of natural logarithms (2.71828)

D. COMPETING OPPORTUNITY MODELS

...opportunities or destinations compete for
trips within equal travel time, travel distance, or
travel cost bands as measured from zone or origin.
Within a given band, every opportunity has an equal
probability of acceptance. The probability that trips
will distribute to a certain zone is the product of

two independent probabilities. The first, called the
"probability of satisfaction," reflects the chances

that a trip will be of a particular length and is a
function of the opportunities at a greater distance than
the time band under consideration. The determination of
the specific destination within this trip length is
quantified by a "probability of attraction" related to
the available opportunities which fall within the area up
to and including the time band considered."

Tij=oipajpsj
where
ﬂj = trips produced in zone i and attracted to
zone j
O; = trip origins in zone i
Paj = probability of attraction
Paj = destination available in zone j divided by

the sum of destinations available in the
time bands up to and including band m

. Dy

m
E D
K=0 K

Psj = probability of satisfaction

Pgj = | -(Sum of destination available in time

bands up to and including band m divided by
the sum of total destination in study area)
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where
K = any time band
m = time band into which zone j falls
Dk = destination available in time band k

n = last time band as measured from origin
zone i

D; = destination available in zone j

Comparison of Models

Comparison of Gravity Model and Intervening Opportunity
Model

Studies of the gravity model have proved to be
slightly more accurate in base year simulation and fore-
casting. "Considering all factors, the gravity and the
intervening opportunity models proved of about equal re-
liability and utility."4

1. accounts for competition of trips between different
land uses.

2. sensitive to changes in travel time between zones.
3. easy to operate in any urban area.

4. relatively inexpensive, requiring little travel in-
ventory information.

5. recognizes trip purpose as affecting zonal inter-
change.

l. attempts to apply simple physical law of Newton's
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gravitational equation to relate to social behavior.

2. average travel pattern cannot be applied to all zones
within the urban area since there is considerable
variation in social and economic characteristics of
zonal populations.

3. trip lengths do not remain constant; therefore, ex-
ponent of distance is not constant from place to
place, or time to time.

4. the changing nature of distance between zones with
time of day makes questionable the use of a single
value of travel time, regardless of the transporta-
tion facilities available.

5. as the distance between zonal centroids decreases to
zero, the number of trips predicted between two
zones becomes infinitely large.

6. the model tends to show only approximate agreement
with field data when the zones and cumulative traf-
fic volumes are small.

7. the gravity model requires a considerable manipula-

tion of proportionality factors in order to produce
results comparable to observed traffic patterns.2

Opportunity Model

1. basic assumption that a trip prefers to be as short
as possible is closer to basic reasons for internal
travel than the assumptions underlying the gravity
model.

2, is computationally convenient.
3. 1is independent of zonal or regional boundaries.

4. requires no special adjustment to fit models to ob-
served data.

5. has increased accuracy and reliability of predicted
interzonal volumes over similar gravity model re-
sults.

Disadvantages:

1. 1loss of simplicity, and ease of application by inex-
perienced personnel.
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2. cost inherent with obtaining necessary input data.
3. does not explicitly recognize trip purpose.

4., difficulty in determining "L" factor.?2

Modal Split

Establishing the distribution of trips from gener-
ating areas leads to the following question. How do
people travel from these points to other points? 1It is
of great importance to the planner to know if transit or
automobile usage is the prime mode of travel, or even
some combination of both. "Thus far, it has been shown
that transit usage varies with and is dependent upon the
characteristics of the trip, the tripmaker, and the
transportation system. A model to estimate transit usage
should, therefore, contain measures of each character-
istic mentioned.“s Future travel demand determinations
should indicate the demand for public transportation and
the demand for private transportation.

The Modal Split Model can estimate the proportion
of future intercity travel demand for both public and
private travel.6

The variables of the general models include:

1. characteristics of the trip maker; it can depend on
auto ownership, residential density, income, workers
per household, distance from CBD and employment
density.

2., characteristics of the transportation system, involv-
ing travel time, travel cost, parking cost, excess
travel time, accessibility.

3. characteristics of trip; dependent on number of trip
purposes used, length of trip, time of day, and ori-
entation of CBD.

Two general types of models to express the Modal Split
are:

l. Trip End Model - allocates a portion of total trip

person origins and destinations to the alternate
modes of transportation prior to trip distribution.®

a. Accessibility Index: measures ease by which ac-




tivity within a planning area can be reached
from a particular zone on a specific trans-
portation system.

n
Q=L (AjFj)
)*l
Qi = accessibility index for zone i to all other
zones (auto or transit)
A] = attractions in zone j
Fij = travel time friction factor

1/ (door to door travel time)P

-,
n

FU is a measure of impedance for travel from zone
i to zone j on the particular transportation system
being considered.

b = an exponent which varies with trip purpose
and travel time range.

n = number of zones.>
Door-to-Door Travel Time for Highway Network includes:
l. walk time at origin
2. Unpark time at origin
3. Driving time
4, Park time at destination
5. Walk time at destination
Door-to=Door Travel Time for Transit Network includes:
1. Wwalk time at the origin
2. Wait time at the origin
3. Time spent in transit vehicle
4., Transfer time between transit vehicles

5. Walk time at destination5
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2. Trip Interchange Model - allocates portion of given
trip movements resulting from trip distribution to
the alternate transportation modes.6

a.

where

where

x
]

x
'S
]

Travel Time Ratio: ratio of door-to-door trav-
el time by public transit divided by door-to-
door travel time by private auto.

Relative Travel Costs: ratio of the out-of-

cost via auto.
X|.Xg

Travel cost ratio =
(X2+X3+QSX4)

transit fare

X2 = cost of gasoline

X3 = cost of oil change

parking cost

X5 = average car occupancy

Economic Status of Trip Maker: the ability to
own and maintain auto; dependent on family in-
come.

Relative Travel Service: indicator of comfort,

_______________ e et t——

smooghness of ride, arrival and departure times,
etc.

Xeg +X7 +Xg+Xg
Xjo + X

Travel service ratio =

Xg = transfer time between transit vehicle
X7 = time spent awaiting for transit vehicle
Xg = walking time to transit vehicle

X9 = walking time from transit vehicle

Xjo= parking delay at destination

X|1 = walking time from parking place to destina-

tion
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General Rules for establishing Zone Boundaries :

Incorrect setting of zone boundaries without con-
sideration to land use will result in erroneous evalu-
ation of the data because different classes 9f land use
produce different levels of trip generation.

1. CBD should constitute a single zone. If CBD is
large enough, subdivision into separate zones may be
permitted; but peripheral zones should not be in-
cluded in CBD zones or CBD zone divisions.

2. Establish origins and destinations with land uses of
similar traffic generating capacities.

3. Care to be taken in determination of which major
streets to become zone dividers. (shoestring develop-
ment - identical community on either side of road -
poor zone division; include the two parts as one
zone.)

4. Street zone divider permissible when areal extent
perpendicular to highway large enough to warrant sub-
division.

5. Street zone divider when dissimilar land use bounded
on either side.

6. Street zone divider useable when there is barrier to
future development.

7. Block splitting only to separate commercial from
residential areas from each other when they inter-
face mid-block.

8. Coordinate zone with census tract zones.

Vil - TRIP ASSIGNMENT
Assignment Process

The planner who has determined the distribution of
the generated trip volume is interested in the assignment
of these trips to the many possible routes available be-
tween any two zones. The assignment process is used to
determine future network and vehicle or person volumes.
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This procedure provides:

1. Volume of vehicles or persons expected to use
each link of network.

2. Data indicating quality of service.
3. Data evaluating location of facilities.
4. Data showing economic feasibility.

Before going into the general methods, the matter of
capacity restraint should be established. Capacity re-
straint indicates a relationship between travel time and
volume. When traffic on a highway is at capacity, speeds
decrease and it takes much longer to travel between two
points than it would in off-peak hours. This holds true
in transit facilities also. Travel resistance should
consider all factors chosen by a user in determining his
route.

Capacity Restraint Formula: Vi=e(Ri-1)V°
where
Vi = travel time on a link for a given pass
e = 2.7182
Ry = ratio'of averaged assigned volumes to
capacity
V, = original travel time of link.8

There are two general assignment methods:

1. All-or-Nothing Assignment: "process in which the to-
tal number of trips between two zones are assigned
entirely to path or route with minimum travel re-

sistance."

2. Diversion Assignment: "process of assigning the to-
tal number of trips between two zones to at least
two paths or routes, according to the gelative trav-
el resistance of the paths or routes."

Each of these programs can be modified with capacity re-
straint factors to better describe an actual network.
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The operation of the first method is to:
l. Load proposed system
2. Determine how loaded network acts

3. Compare the system with other systems for social
and economic goals.

Network performance is based on average travel time per
unit distance, cost per unit movement and density flow
per system link. This process lends itself to digital
techniques.

Diversion curves are used in the second method.
They relate travel resistance and usage between two
routes. Diversion curves that may be developed are:

l. Travel time saved

2. Distance saved

3. Travel time ratio

4. Distance ratio

5. Travel time and distance saved
6. Distance and speed ratio

7. Cost ratio

8. Cost per minute saved

For mass transit, travel time saved is significant in
user usage in choice of a mode of mass transit (bus,
train, ferry, etc.) The distance saved is less signifi-
cant in choice of mass transit. Travel patterns during
peak hours vary greatly from those in off-hours. Choice
of mass transit is dependent on spatial separation of
stations, number of required transfers, headway, comfort,
surface traffic conditions and rider fare.

Computer Oriented Analytic Techniques

The Urban Mass Transportation Administration (UMTA)
of the United States Department of Transportation is
presently developing multi-modal transportation planning
techniques in order for local government to make sound
decisions regarding the investment of resources in trans-
it-facilities and fgr UMTA to properly evaluate requests
for capital grants.
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At present, a package of fourteen (14) computer pro-
grams, called the UMTA Transportation Planning System
(UTPS), designed explicitly to aid in the long-range
planning of a multi-modal Urban Transportation System is
available. These programs assist in the analysis of ur-
ban mass transportation supply and demand as well as
their interaction, and furnish aggregate and detailed es-
timates of the system's level of service, ridership, and
costs.

The fourteen programs are grouped under three ana-
lytical categories, viz.: Network Analysis, Demand Fore-
casting, and System Evaluation. A brief description of
the programs is as follows:
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PROGRAM

NETWORK ANALYSIS PROGRAM

INPUT

OUTPUT

UNET

UPATH

UPSUM

UFMTR

UDZFS

UTLD

Transit Network

Transit Path
Finder

Minimum Path
Summary

TRIP TABLE/
Skim Trees
Formatter

Dist. to
zone fare

Trip Length
Distribution

Link data, Line
data

UNET, mode to
mode fare ma-
trix, fare link
data

UPATH

Trip Tables

Dist. to
zone fare ma-
trix

Impedance ma-
trix (fare),
trip matrix
(Trip Tables)

Check network coding, detailed trans-
it line reports by mode (estimate
fleet size and operating costs),
transit line summary, transit company
summary.

Description of shortest paths between
all selected modes, zone to zone fare
matrix.

Up to 12 impedance matrices (number
of transfers, travel time by mode,
waiting time required for each zone
to zone trip) and frequency distribu-
tion for each output matrix. Single
or merged.

Selected portions of matrices, number
of trips leaving, entering and re-
maining in each zone.

Zone to zone fare matrix.

Plot of interzonal trips paying a
given fare
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PROGRAM

DEMAND FORECASTING PROGRAMS

INPUT

OUTPUT

UMODE

UDATR

UREGRE

UMCON

UFMTR

UMNIP

Mode Choice

Data Reduction

Regression

Matrix Con-
version

See Network Analysis Program

Matrix
Manipulation

Modal split for-
mulae, diversion
curve, land use
transportation
system charac-
teristics, (in-
terzonal data),
person trip ma-
trix

Land use and
transportation
system level of
service

Raw data or UDATR
output and re-
gression model
specifications

Trip tables,
skim trees,
impedance ma-
trices, etc.

Trip matrices up to nine modal com-
ponents, provides comparison fore-
casted trip matrices with observed
trip matrices.

Formulates and calibrates multiple
regression mode split models.

Calculates linear multiple regres-
sion parameters, and goodness of fit
estimates, residual analysis.

Copies, modifies and merges ma-
trices.

Arithmetic combinations of two or
more matrices.
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PASSENGER LOADING PROGRAMS

PROGRAM INPUT OUTPUT
ULOAD Passenger UNET, UPATH, Mode to mode transfer summary, non-
Loading UMODE transit link volumes, total number of
trips assigned, file of loaded links
and transit legs.

UPRAS Assignment ULOAD, UNET Summary reports of ridership, passen-
ger volumes for each line or link,
peak loads, pass.miles, pass. hours,
revised headways, performance of each
route and systems.

USTOS Station to UPATH, Inter- Passenger flows between selected sta-

station
volumes

zonal trip
matrix, transit
modes

tions, access and egress station for
each zone to zone trip. Useful for
station design and revenue forecasting.



VIll- SOCIAL IMPACT OF URBAN MASS TRANSIT

Comprehensive planning is necessary in any design
development. Project undertaking requires vast ex-
penditures, and society is at the limits of its natur-
al resources. "Comprehensive transportation planning
is the study of present transportation patterns in re-
lation to present population, economy, and land use;
the design of alternate transportation networks and
facilities; the evaluation of alternates; and the se-
lection of a transportation plan with proposals for
its implementation, scheduling, and financing.">

Once several alternative plans are developed, the
selection of the best scheme may not be the most eco-
nomical. Value judgements are required to weigh the
intangible benefits or debits. Usually, a procedure
is implemented which gives these intangible factors
some assignable cash value equivalent. Good basis for
sound judgement in making decisions should include the
following requirements:

1. economic performance - direct monetary benefits
and cost

2. total time required by users of the system - a
measure of service

3. comfort and convenience - measure of service
4, safety

5. aesthetic - appearance of system to user and to
community as a whole

6. public welfare:

a. reduce unemployment

b. support cultural and athletic events
c. raise general standard of living

d. service to senior citizens.

Federal agencies establish certain planning require-
ments for its funded projects. The three "C's" of urban
transportation planning are:

A. Continuity - update forecasts, inventories and plan
of completed project
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B. Comprehensiveness - includes the following:

a. economic development affected

b. population studies

c. inventory

d. travel patterns

e. traffic engineering features

f. zoning ordinances and building codes
g. financial resources

h. social and community effects

C. Cooperation - by all local governments by written
agreement

An important note on the urban transportation pic-
ture is in 1962 letter to the President of the United
States by the Administrator of Housing and Home Finance
Agency. It states, "Mass transportation must be viewed
as a public service and often cannot be a profit-making
enterprise. While mass transportation is provided on a
more or less limited scale in hundreds of localities,
it is generally not possible to support a large scale
investment program from the fare box. But the price to
the community and to the Nation of inadequate mass
transportation can be uneconomic uses of land and higher
than necessary costs of public facilities, excessive
travel gnd increasingly aggravated congestion at peak
hours."

Public policy should demand sound investments with
strong regard to benefits:

1. reduce aggregate costs of transportation
2. provide transit to non-driver
3. provide transit for low-income families

4. provide good transportation so personal travel
is easy and convenient

5. reduce street congestion

6. revitalize economic growth of C.B.D.
7. create higher real estate values

8. reduce air pollution

9. promotg desirable land use patterns and devel-
opment
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IX - CONCLUSION

Evaluation of Models and Procedures:

The techniques set forth in this chapter are early
and simplistic attempts to model the urban environment
that are still used by many state and federal govern-
mental agencies, as well as by many large consulting
firms.

All these models have several basic shortcomings.

Most important, they are specific to the time and place
they are used for. Each new situation in which they
are used requires different parameter values for the
functions which fit them to the observed data. They
are based on a structure of trip-making and travel hab-
its which may include other determinant factors besides
time and cost, or measures of attraction, or simple ra-
tios of these.

The models are initially calibrated on a histori-
cal record of a given number of years. If they are
calibrated for a data period of say ten years, they
suppress or smooth out much short-term variability. If
they are static or calibrated over a short period, then
longer-term projections may become less valid. Chang-
ing technology, the irreqularity of changes, and inade-
quate dates could make even a 1980 prediction based on
1970's structured relationships of little use.

All these models using fitted parameters are forms

of linear regression techniques. They use one or more
multipliers in the equations to calibrate or adjust the
results to fit known data, and then use these same mul-
tipliers (fitted parameters) to predict the future.
Yet a strong relationship may exist between two elements
even if the regression analysis does not reveal it; and
conversely, statistical relationships do not necessarily
imply cause and effect patterns.

The trip generation models use as input present
patterns of trip generation, and future population, eco-
nomic, and land use characteristics. There is no input
on availability of transportation or level of transport-
ation services in any mode. Vehicle ownership is taken
as a given fact. Thus there is an implicit assumption
that the transportation system has no influence on trip
generation rates.
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Time and cost - even where time includes waiting and
transferring time - do not subsume all the variables in-
volved in choice of route, or destination, or mode, or
even of whether to make a trip. Other factors, including
sociological, psychological, and physical factors - for
example, peer-group standards, fear of crime, expectation
of seats versus standing, etc., may play an important
role. Higher income groups may go further to shop be-
cause a nearer shopping area is frequented by lower in-
come groups; auto drivers may choose a toll parkway over
an interstate highway because it is more pleasing to
drive there; a potential passenger may drive rather than
take the bus because there are no seats available on the
bus. Expected conditions may be more important in the
decision process than average observed conditions: the
expectation of congestion even 25% of the time may lead a
driver to choose another highway route all the time; max-
imum expected headway may be a more critical factor than
half the scheduled headway.

An example of the kind of problems this can lead to
is the subway trip assignment model that Traffic Research
Corporation developed for the Queens-Long Island Demon-
stration Project. The model was consistently assigning
too many passengers to the Queens IND line (E & F) and
almost no one to the Jamaica BMT line (J) for CBD-bound
trips, due to the much faster trip time on the E and F
lines. The cordon count predicted by the model exceeded
the capacity of the line. Fitted parameters were not
helping. But when a factor was added to the model to re-
flect the availability of seats at 168 Street, the prob-
lem was solved and the correlation became excellent.

The UTPS programs are only adaptations of the above
approaches to mass transit planning, and as such bear the
same limitations. For instance, the ULOAD program "as-
signs trips to elements of the transportation system us-
ing the shortest (weighted) time paths.."

Zone size is another critical problem in these mod-
els. Zone boundaries are commonly drawn according to
census or political boundaries, and are typically large,
non-homogenous in many ways, and comprise a wide range of
available transportation opportunities in each zone. But
each zone has only one centroid, and therefore reflects
an average of varying conditions which reduces the abil-
ity of the model to accurately represent the trip-maker's
reaction to the choices confronting him. For example,
the Traffic Research Corporation modal split model for
the Queens-Long Island Demonstration Project used in one
case postal zones, in another Tri-State O & D survey
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zones. Different regression coefficients were required
for each set of zones, and both contained many zones
with significantly different transportation character-
istics for one or more modes of transportation in the
same zone. The population in the zones varied by as
much as an order of magnitude of 5.

Zone boundaries and network coding should be care-
fully reviewed on a zone-by-zone and link-by-link basis
to make sure they accurately reflect real conditions
and that average values are realistic.

It is important to keep the above limitations in
mind when making use of these models, or when reviewing
consultant's work that has relied on such models. While
the results of such work, including the UTPS programs,
can be useful tools or aids in analyzing potential future
demand for transportation, it is essential that the re-
sults of the models not be taken as absolute. Informa-
tion should always be obtained and reviewed as to the
types of data and model relationships used. Other fac-
tors that may affect the results but that may not have
been in the model should be carefully analyzed for their
possible impact. Where possible, they should be included
in the model.

In order to broaden the perspective of review, it
might be worthwhile to consider establishing a policy that
would have Surface and Rapid Transit Transportation
Schedule or Planning Staffs review such network link-
values and zone-values that are input to the model.
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Chapter 3
PLAN IMPLEMENTATION

| - PLAN IMPLEMENTATION

The development of feasible and economic plans is
not enough to justify their construction and management.
The adoption of these plans by the general community,
through its respected governmental leaders, is required.
Until implemented by governmental or citizen action, the
plan has little value. Governmental action either ad-
ministratively or legislatively must be engaged to make
the planning function pay off. It should not be con-
cluded here that the planner at this point of project
visualization has achieved his end and can place this
project into the hands of others. If this is the atti-
tude he shows, the planner might surely find his work
relegated to the shelf. "Transportation planning can
only be an effective tool of government if its imple-
mentation is assured. Planning that is not implemented
is useless, regardless of the skill with which it was
performed. Proper administrative organization of the
planning function is one way to see that plans are car-
ried out as municipal policy."1l

The planner must engage in two activities; he must
develop plans, and he must follow through with their
effectuation. He must pursue all official steps to ex-
ecute the plans into operation by presentation to all
branches of government; this includes the legislative,
executive and judicial areas. Furthermore, this may
require the selling of the plans to the community di-
rectly. Such involvement is not established only by
the technical competence of the planner but also in his
understanding of the social and political implications
that the proposed plan may engender.

One important point the planner should regard is:
"The decisions actually made by members of society
which determine the pattern of values realized will be
determined by institutional structure, that is, rules
of law, governmental organizational arrangements, pri-
vate organizational arrangements, and public and pri-
vate policies, together with information available to
and utilized by decision makers which indicates prob-
able consequence of alternative decisions."? "Once the
plan is completed it is adopted by the planning agency.
The agency usually presents the plan to the governing
body and attempts to have the plan adopted."
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Depending on the type of local government, the en-
abling action to accept plans may produce difficulties
or areas that must be examined before approval. New
York City, like many other local governments, sets re-
quirements that these plans must not only be technically
feasible, but the priorities established and the funds
available for the plan execution to proceed.

Il - FINANCIAL ASPECT

Funding may be obtained by the local government by '
bonds when it has the power to do so. Funds can be ob-
tained by taxes from the general city revenues. A com-
posite of bonding, taxes, and city collectable fees can
go into a general city fund to be divided among the
governmental agencies which service the city. This is
capital budgeting which is "a body of techniques for
deciding the desirability of proposed investment ex-
penditures."4

"Capital programming is a form of financial plan-
ning. In preparing a capital improvement program the
planner goes to each department of the municipality and
determines the nature and cost of all proposed projects
which cannot be financed out of current revenues. He
then establishes priorities for these projects, deter-
mines how they can be financed and schedules their im-
plementation. In essence the capital proggam is a means
of coordinating governmental investments."

lll - LOCAL GOVERNMENTAL ROLE

The Transit Authority submits all projects for the
budget year, with their estimated costs to the City
Planning Commission which draws up the New York City draft
budget for all city agencies. This capital budget is an
authorized list of capital projects giving cost and time
necessary for project completion. The method of financing
is also included. The City Planning Department's draft
capital budget is submitted to the Budget Director who
then drafts the Mayor's budget. This Mayor's budget is

-finally acted on by the Board of Estimate following public

hearings held jointly by the City Council and Board of Es-
timate. Budget cuts and changes are performed here and
the budget is returned to the Mayor for final approval.

If he vetoes it, the budget can receive final approval at
the Board of Estimate by over-riding vote.
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The intricacies and procedures in this City's govern-
ment will not be included in this report. The planner
should be familiar in detail with his city's governmental
structure, so that his resources and capabilities can be
channeled and utilized to the fullest capacity to move the
project from the drawing board to the field. The princi-
ples of plan implementation should be understood and de-
veloped by the planner in his daily work. The interaction
of political power, community action, and ideals of proper
planning become embroiled and the end product will not be
recognized by the planner as the project he first envision-
ed. The relationship of government and the planning agency
is a direct and strong influence on planning concepts and
its implementation. Sometimes this relationship has ad-
verse effects.

A city government may not have the willingness to
support mass transit. There may be no local framework to
obtain transit funds. There may be no organization to
develop the plan nor a planning agency. Other problems
include the difficulties of obtaining the right-of-way
and the question of whether the system should be self-
supporting or dependent on local funds.

The mass transit rider is interested in better and
more frequent rides. The increase in cost may not be
feasible when the financial officers allocate funds to
the different city agencies to maintain other essential
services. Usually this question involves a political
solution to determine the equilibrium point to balance
transit improvements and spiraling costs. The addition-
al service requires an additional labor force which can
be bought only at a high wage price. Productivity de-
Creases as experienced men retire earlyé leaving inex-
perienced men to maintain the services. The transit
planner's project may not achieve finality due to the
poor timing of concurring events. The wise planner
should realize the temperment of the times and the pol-
itical implications when advancing his project. Good
timing may be the required impetus in implementing the
proposal.

Procedure for the Preparation of Route
and General Plan Document:

Approval of the Route and General Plan is initiat-
ed by the Chairman of the Authority through a resolu-
tion submitted to the Board of Estimate for their ap-
proval and the approval of the Mayor of the City of New
York.
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Required by law is a certified copy of a resolution,
adopted by the Authority and signed by the secretary of
the Authority, on determining and establishing rapid
transit-routes, and the general plans of construction for
such rapid transit railroads. The resolution shall in-
clude a statement of the route which is provided, and
such general plans adopted showing the general mode of
operation and such details as to the manner of construc-
tion as may be necessary to show the extent to which any
street, avenue, or other public place is to be encroached
upon and the property thereon affected.

Also in accordance with the provisions of the Rapid
Transit Law, a communication for the consent and approval
of the Board of Estimate and of the Mayor is submitted by
the Authority, signed by the Chairman of the Authority
and its Members and countersigned by the Chief Engineer
of the Authority. This communication contains the esti-
mates of the cost of construction and equipment, time for
completion and beginning of operation and the prospective
results of operation over a term of ten years from the
estimated date of beginning operation of said rapid
transit railroad.

IV - GOVERNMENTAL APPROVAL

The importance of governmental approval of the pro-
posed project, although evident, bears enough weight to
be mentioned. It gives the project a degree of finality,
it establishes certain rights to the concerned parties,
it places liabilities and obligations on these parties
and becomes part of the public record for future use.

The approval limits the scope of the project and protects
it from random changes that can be detrimental. Those
who oppose the project after its inception now must seek
recourse through similar channels in order to amend, al-
ter or prohibit the project. No one can unilaterally af-
fect the project, without just cause, that has received
approval by the public process of government already.

Unlike other localities, New York is not left with a
choice between highways or more public modes of transpcrt.
The need for mass transportation is not denied by the de-
cision making officials in New York City. "Manhattan's
densely developed central business district - accessible
only by river crossings and congested with traffic -
heightens the need for mass transit as the basic method
of passenger transport."6
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The basic problems have been in the areas of fund-
ing and of obtaining the required right-of-way. Both
are within the realm of the city financial managers and
law bodies. Previously the attitude of the public of-
ficials and public was that the subway system should
and would be a self supporting one. Transit records
indicate the major source of revenue is from the pas-
sengers. This thinking continued the concept that in-
creasing the fare would sustain the operating costs of
the system. It has been noted that with each city fare
increase, the number of riders has decreased. Although
the decrease in ridership was not as much as was anti-
cipated (percent decrease in ridership approximately
equal to 1/3 times percent of fare increase), the desig-
nated fare permitted the incoming yearly revenue to in-
crease to meet the higher operating costs. But the loss
of ridership due to a fare increase caused certain so-
cial and economic side effects.®

l. decreased mobility curtails effec-
tiveness of the CBD as the hub of
vitality.

2. with respect to New York City as
the headquarters center of the
nation, the decrease in central-
ization becomes damaging. New
and old businesses would no
longer be attracted to the CBD.

3. retail decline.
4, labor cost increases.

5. 1increased auto use - increased
congestion, pollution, etc.

The decline of ridership is not attributed to the fare
increase alone. The life-style has changed the passenger

characteristics. Some other causes leading to the passen-
ger decline are:

l. increase in post-war use of auto.

2. exodus of middle class families
to the suburbs.

3. reduction of work week from six
days to five days.
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4. increase in home TV use.6

5. decreasing level of transit service.

V - FEDERAL AND STATE RESPONSE

Public officials noting that decline in ridership is
not beneficial for the general good and welfare of the
city are searching the federal and state arenas for fi-
nancial aid in subsidizing the subway system. Within the
city there are not enough funds to service and rebuild
the transit system as required and at the same time main-
tain other city functions of fire, police, parks, schools
and hospitals. Regarding this local planning and Federal
Government, Senator Abraham Ribicoff has stated: "For
the crisis of our cities is the crises of the modern
United States. Seventy percent of all Americans now live
in or close to the cities. The number grows each year.
So the fate of the city and the future of our country are
one and the same thing."

It has been stated regarding federal aid, "The grow-
ing fiscal problems of cities ana states throughout the
nation have made it increasingly evident that the Federal
Government is the only one capable of raising the revenue
needed to solve these problems."6

The Urban Mass Transportation Act of 1964 states as
its purpose to improve mass transit including its facili-
ties, methods and equipment. Encouragement in planning
for economic and urban development is emphasized. Finance
of state and local governments for transportation systems
is established. Also the Act creates a partnership that
permits local government through Federal assistance to
satisfy its mass transit requirements. The main goals of
the Transportation Act are both long range and short
range. Long range goals are to improve urban life with
respect to social costs and benefits and for safety of
travelers. The short range ones include:

l. mobility of non-drivers - "trans-
portation disadvantaged" - young,
aged, handicapped, poor, unem-
ployed.

2. relief of traffic congestion.

3. improving quality of urban
environment.
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State intervention into the planning process and
its implementation is desirable. The urban area is one
that is extended beyond the city's actual boundaries.
"New York City, for example, contains some 352 square
miles, but the total urbanized area included in the
metropolitan city is nearly four times as large."7 The
approach to the transportation problem must be attacked
from a regional picture. A local solution will not be
feasible since part of the problem is caused outside the
urban city rather than only internally. With the result
of families moving to the suburbs, poorer families re-
placed the ranks of those who have fled. These poorer
families offer little in taxes and the cost of govern-
ment_increases due to their dependence on public serv-
ice. The fleeing families continue to retain their
city jobs but contribute little to the city other than
using city services, congesting trains and streets, and
reducing the city dweller's job market. "The effective-
ness of regional regulation can be greatly increased
through the use of extraterritorial powers. Where a
zoning code, subdivision control ordinance and official
map are designated to achieve the objectives of a com-
prehensive regional plan, and enforced for the whole
urban area, there is real hope for meeting the_problem
of providing for future transportation needs."l 1In es-
sence the Metropolitan Transportation Authority (MTA)
was designed "...to develop a regional formula for all
mass transit systems in this region, subways, commuter
railroads, and buses."

Without federal or state aid the city would be left
with alternatives that would not be desirable to city
residents. Possible alternatives for funding are:

l. increase charge on motorist with a
transfer of revenue to mass transit.

2. raise taxes.

3. the imposition of specific transit
charge.

"“Transportation is the life blood of a metropolis.
The economic viability of our City and region is depend-
ent upon the ability to provide a mobile work force and
to be able to transport it expeditiously at moderate
fares."® City leaders have begun to realize that the
detrimental effects of fare increase adversely effect
the CBD and also the boroughs.
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VI - EFFECTS OF NATIONAL POLICY ON PLAN IMPLEMENTATION

The Urban Mass Transportation Assistance Act of
1970 has made available funds to public agencies for
eligible projects for use in the mass transit areas.
Funding for acquisition, construction, reconstruction,
or improvement of facilities and equipment is permitted
while repair maintenance and operating costs are not.
The federal grant covers up to but not more than two-
thirds of the project cost. The Urban Mass Transporta-
tion Administration (UMTA) determines the net project
cost, and is assured that local matching funds of one-
third cost are available prior to project completion.

Traditional approaches to decision making and plan
implementation involve economic, technical and politi-
cal factors. The inception of the National Environment-
al Policy Act of 1969 has included an environmental con-
cept to decision making. An analysis of all environ-
mental impacts must be made, including the effect of not
doing the project at all. A benefit-cost study must be
determined, but based on social, environmental, politi-
cal and economic factors, all being equal weights.
Comprehensive planning is necessary as resources and
capital are limited.

The preliminary application for federal grants con-
sists of a letter (original and 5 copies) addressed to
the Urban Mass Transportation Administration, Department
of Transportation, Washington, D.C. 20590, and signed by
an authorized representative of the public agency, which:

l. Describes in as much detail as is cur-
rently available the capital facilities
or equipment for which the grant is de-
sired.

2. Describes the transportation system in
which the facilities or equipment will
be used.

3. Describes the benefits to be derived
from the facilities or equipment and
relates these benefits to the trans-
portation program for the urban area.

4. Estimates the total cost of the pro-
ject.

5. Estimates what portion of the total
cost of the project can be financed
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10.

11.

from revenues, identifies the source of
the revenues, and indicates how such
financing will be arranged.

Estimates what portion of the total cost
of the project cannot be reasonably fi-
nanced from revenues and indicates how
the local share of this amount (at least
1/3 or 1/2) will be secured.

Describes efforts made to obtain private
revenue financing and any State or local
actions which have been taken to provide
financial or other assistance in the
solution of urban mass transportation
problems.

Describes the status of (a) comprehen-
sive planning for the development of the
urban area, and (b) transportation plan-
ning undertaken to provide the basic
framework of the urban mass transporta-
tion system and highway network for the
area; and list the area-wide, subregion-
al and local agencies responsible for
comprehensive and transportation plan-
ning, and the State and metropolitan or
regional clearinghouses notified of the
application. (Refer to Urban Mass
Transportation Planning Requirements
Guide.)

Describes the program which exists or is
being developed for a unified or offici-
ally coordinated urban mass transporta-
tion system for the urban area. (Refer
to Urban Mass Transportation Planning
Requirements Guide.)

Describes the arrangements which exist
or will be made to insure satisfactory
continuing public control over the oper-
ation or use of the facilities or equip-
ment, whether publicly or privately op-
erated.

Indicates whether or not the project
will:

a. Adversely affect employees of the
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transportation system to be assisted
or of other transportation systems
in the urban area, and identifies
gge systems and labor unions involv-

b. Result in the relocation of families,
individuals, business concerns, or
non-profit organizations.

12. 1Includes a Draft Environmental Statement
containing the information outlined here-
after under the heading "Protection of
the Environment."

The preliminary application should be supported by
any engineering, planning, or financial reports which
have been prepared and are pertinent to the project. It
should also be supported by an opinion of counsel clear-
ly showing that the applicant is a public body author-
ized by law to carry out the described project in the
manner contemplated.

As a part of the project budget, the applicant must
provide a table that shows the actual disbursements of
Federal funds required, by year, to complete the project
using the Federal fiscal year of project approval as the
base year. The approved project budget will include a
table of maximum UMTA funds that can be disbursed each
fiscal year during the life of the project.?

UMTA requires public hearings before the submission
of final application. Public notice in a local newspa-
per, thirty days prior to the hearing is a requirement.
This will enable the private citizen to inspect the ap-
plication for its analysis of impact and the transporta-
tion development program. Information is to include
project location, estimated cost and financial method,
number of displaced families requiring relocation, all
adverse environment effects, a comprehensive plan in-
cluding land use, significant social, economic, and en-
vironmental issues.

Vil - PROTECTION OF THE ENVIRONMENT

The National Environmental Policy Act of 1969 and
the Urban Mass Transportation Assistance Act of 1970 re-
quire full consideration of the impact which a Federally-
assisted project may have on the environment. Therefore,
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the applicant will submit data and analysis of any en-
vironmental impacts which the proposed project may have.
This environmental analysis should be initially submit-
ted at the time of preliminary application and updated,
if necessary, to form a part of the final application.

l. A description of the proposed project
and its impact on the environment, in-
cluding any maps, drawings, plans or
photographs that may help in under-
standing the impacts involved.

2. Discussion of any unavoidable adverse
environmental effects of the project
as proposed and a description of the
steps that have been or will be taken
to minimize these effects.

3. Identification of possible alterna-
tives to a project, or any portion of
the project to eliminate that adverse
impact. Description of each alterna-
tive should include an assessment of
the financial costs and the resulting
environmental benefits.

4. A comparative analysis of the short-
term and local impact on the environ-
ment and the long-term environmental
consequences.

5. Identification of any irreversible
and irretrievable environmental im-
pacts or commitments of resoures.
This statement should inclucde an an-
alysis of the likelihood of adverse
environmental impacts which would be
caused by future increments to the
proposed project.

6. A discussion of problems and objec-
tions raised by Federal, State or
local entities, and citizens and the
disposition of the issues involved.
This may be added after the public
hearing and local review process, in
the final text of the required sub-
mission.

Capital grant facilities are likely to have environ-
mental impacts of the following kinds:
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l. effects on the amount of land required
to be devoted to transportation and
related purposes in the future; ef-
fects on population growth and dis-
persal within the area.

2. 1increases or decreases in the traffic
or congestion levels on streets and
highways.

3. diversion or disruption of established
communities; division of an existing
use (e.g., cutting off residential
areas from recreation or shopping
areas), or disrupting orderly, planned
development.

4, aesthetic or visual effects, especial-
ly on areas of unique interest or
scenic beauty.

5. displacement of people or businesses.
6. changes in the ambient noise level.

7. changes in the level or distribution
of air pollution.

8. destruction or derogation of parks,
recreational areas or historic sites.

9. disturbing the ecological balance of
animal or natural resources.

10. probability of altering or contaminat-
ing public resources, (e.g., public
water supply source, treatment facil-
ity or distribution system) either
during construction or in actual oper-
ation.

l1. physical disruption during construc-
tion.

Citizen complains can institute legal action into
halting the proposed project construction. "Credible
environmental-impact statements are required; the
courts will readily detect any lesser effort."10
Agencies have been striving to meet the letter of the
law by preparing regulations, impact statements and
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complying with court decisions. But too little has been
done to comply with the spirit of the law by furthering
the art and science of environmental planning."10

VIIl - RIGHT OF WAY

A major aspect facing the transit planner is ob-
taining the right-of-way to implement the desired pro-
ject. The acquisition of property can be through pur-
chase, condemnation, gift, dedication or devise. "In
the United States the general rule is that land and oth-
er property which is acquired out of mblic revenues can
be lawfully acquired only if it is for a public use."5

The city acquires various lots and buildings. When
they become city owned and are not used by the city
services or are not readily saleable to interested third
parties the city loses tax revenue. The non-use of such
buildings or lots is also detrimental to the surrounding
community and cannot be readily measured in monetary a-
mounts. These sites are usually offered to city depart-
ments who can assemble lots for possible projects, in
such a way the Transit Authority can take possession of
a lot, in fee absolute, in part as required, or by ease-
ment. This process saves the city money in that the
parcel will not be developed by a private individual on-
ly to be condemned or altered for transit construction
later at high cost to the city. The basic concept is
that in this instance the Transit Authority must have
some ideas or proposals of possible route alignment in
the area of the parcel in question. The TA has the ob-
ligation to develop new routes; with the general route
and alighment plan the acquiring of city property be-
comes expensive but not as much as the holding of the
property in an untaxed unused state. The development of
new routes has not only provided better transit but in-
creased property values, development, and employment op-
portunities.

The acquiring of parcels for transit uses is through the
Site Selection Board which deems the suitability of
property use for the city agency. It is a governmental
check which prevents any city department from randomly
condemning buildings through the city's police powers
before the proposed projects are finalized or even fund-
ed. The nine member board approves the site and imple--
ments transfer of title to the city agency if the city
is already in possession. This is through the Board of
Estimate. When the property is privately-owned the Cor-
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poration Counsel is directed by the Board of Estimate
to institute condemnation procedures against the prop-
erty. Usually only an easement is desired but this
insures legal possession can be obtained by the city.

IX - CONSULTANT SERVICES AND CONTRACTS

The municipal use of consultants is an area of in-
terest and concern to planning departments. They have
been retained under contract to engage in their special-
ized service to complete the development of proposed
plan. The supervision of the consultant falls to the
planning agency which prepares guidelines stating re-
quirements of service.

The Association of Consultant Management Engineers,
ACME, outlines the use of consultants in planning devel-
opment.ll They recommend that the agency define the
problem: at hand before approaching consulting services
and do the following:

Define the Problem:
l. Collect and analyze facts needed to
define or describe the problem which
requires the solution.

2. Analyze conditions which have creat-
ed and sustained the problem.

3. Determine the conditions for its
solution and the end results which
should be achieved by solution

a. Why does it have to be solved?

b. When does it have to be solved?

c. What is to be gained by the
solution?

d. What does the solution cost?

e. What limitations are there on
solution?

Select Consultant:

l. Client (planning agency) should de-
termine nature anc general scope of
project prior to contracting consult-
ants.
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Fee:

1.

Contract

Credentials of various consultants
should be submitted with respect to
the project.

Preliminary discussions held with each
qualified consultant; each then asked
to submit proposal.

Check in depth consultants references.
Study proposals.

Final selections - negotiations.

Discussion of fee requirements.

Requirements Established:

10.
ll.

Services to be furnished the city.

Scope of services furnished by the pro-
fessional and his subordinates.

Fee schedule - with established maximum
limits.

Method of payment (10% retained to com-
pletion).

Term of agreement and completion of
work.

Specifics as to schedule, scope, and
extent of written and oral reports from
consultant.

Original documents to be property of
city.

Non-assignment of agreement.
Identification of individuals in firm
responsible for contract and termina-
tion clause in event of death or in-
capacity or that of specified employees.
Professional liability insurance.

City construction budget of figures of
construction is contemplated.
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1l2. Designation of person responsible for
city supervision of the agreement.

13. Right of supervision to approve special-
ists, consultants who might be retained
by consultant for some special purpose.

X - PROBLEMS AND PLANNERS

The external effects of outside governmental agen-
cies, special interest groups, citizen action, and pol-
itics cause the planner to alter or even dispose of his
project. Part of the problem is explained quite clear-
ly in Levin and Abend's book, Bureaucrats in Collision:
Case Studies in Area Transportation Planning, which re-
lates the nature of the planner.

1. Planner considers himself civilized
believer in reason and compromise.

2. He is awed when confronted with blind
certainty and violent opposition.

3. He is unskilled at infighting except
with professional colleagues.

4. The art of planning is fuzzily defined.

5. Planning is subject to encroachment
by other professionals.

6. Planning agencies usually service op-
erations rather than a center of pol-
itical power.

7. Planner optimist about future, his
current project and the possibility
of educating the uneducable.

8. Planner's dilemna to reconcile pro-
fessional and agency lovyalties.

9, Newly hired planner regarded as in-
strument rather than senior contri-
butor to policy.
"The recent tendency to thrust the planner and the
planning agency into a (theoretically) cooperative and
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de facto competitive relationship with other agencies
has not been wholly successful. Early return from this
friendly confrontation, which pits the planning agency
against powerful so-called cooperating agencies clad in
ideological plate armor, indicate that the planning a-
gency tends to be very much the junior, accommodating
partner."12

The planner, in carrying out a public relations
program, ". . . is cautioned that he should undertake
no public programs which are not approved by the mayor
and the city council, since these officials are the re-
sponsible political officials who must answer to the
voters.">® Another advisable point to follow is that
"Nothing will destroy public confidence in the planning
agency more quickly than the making of decisions based
on political considerations. Political decisions should
be left to the elected officials."?

Xl - CONCLUSION

In summary, urban transportation planning should
ideally be set up as a governmental body in which all
urban transportation is dealt with on a regional basis.
Each function of mass transit administration should be
clearly defined and organized into a unit responsible
for it alone, and each headed by a single responsible di-
rector. The interdependency of transportation functions
and urban redevelopment should be recognized and headed
by an administrative authority.
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Chapter 4
CONGESTION AND ITS MITIGATION

| - CONGESTION

Congestion in transportation facilities is inevi-
table, but it could be made bearable by careful consid-
eration of all causes of congestion, while designing
for new facilities. Promoting staggered work hours
for reducing congestion rather than change in design of
existing subway stations or their elements is more
feasible and less expensive.

Il - STAIRS AND ESCALATORS

l. 1Inadequate capacity: Capacity of a stairway
or escalator varies to some extent according to the
size of the crowd, time of the day and position in an
arriving crowd of people. It would be highly expensive
to provide for stairs or escalators for ideal situation
where no congestion exists.

Design should be based on:
a) 20 minute peak or less.

b) waiting time, time spent wait-
ing in a queue to board the
stairway or escalator, of up to
15 seconds may be considered
normal, in heavily used sta-
tions with limited space.

c) use of faster escalators. In-
crease in escalator speed (say
90 fpm to 120 fpm) does not in-
crease the capacity by the same
proportion because of constant
pressure of heavy traffic vol-
umes, frequent queuing, and mo-
mentary hesitation to step on a
fast moving escalator.

d) walking on escalators produces
little gain in escalator capac-
ity but shortens pedestrian
trip times for those who choose
to walk.
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2. Location: The location of a stairway or esca-
lator should be compatible with the direction of pedes-
trian flow. Abrupt change in direction contributes to
congestion promoted by slow speed required in making
that change in direction.

Lack of sufficient distance between the edge of
the station platform and the first tread of escalator
or stairway causes congestion. Greater walking dis-
tance between the stairway or escalator and the edge of
platform allow for bypassing slower moving people with-
out causing a chain reaction of congestion by spacing
people in roughly single file lines as they head for a
stairway. If sufficient distance is not maintained
wider than required, stairway or escalator should be
provided.

To keep the platform clear of the queues and to
provide queuing areas for people boarding an escalator
or stairway, locate these facilities in recessec areas.

Proper location of stairways and escalators will
channelize pedestrian flows and lessen confrontation
with reverse flow.

Stairs and escalators located on island platforms
cause congestion as circulation must occur in restrict-
ed areas around these facilities. If it is intended to
provide a center loading islana platform, this plat-
form should be made wider. Stairs and escalators lo-
cated at the ends of an island platform cause little
movement restriction. Side platforms should be prefer-
red to island platforms.

Advantages of side platforms:

a) unobstructed movement of pas-
sengers by placing staircases
and escalators in recessed
areas.

b) minimal effects of reverse
flow because of common direc-
tion of flow of most passen-
gers.

c) elimination of columns from
platforms possible due to
shorter span.

d) straight line track approach
TP-4-2




to the station, savings in con-
struction costs (no diversion
of tracks required to allow for
island platform).

e) a mezzanine is not a require-
ment, although it provides bet-
ter circulation, economic oper-
ation, and surveillance.

Advantages of island platforms:

a) ease of across-the-platform
transfers.

b) best suited where more than two
tracks are served by a station,
and for terminal stations.

c) width of the island platform can
be smaller than the width of two
side platforms, an advantage
where severe R.O.W. limitations
exist.

d) ease of maintenance.

3. Reverse Flow: The capacity of a stairway may
be sufficient for unidirectional flow, but reverse
flow will lead to congestion if not considered in de-
termining the width of stairway. The effects of re-
verse flow are more pronounced during rush hours and
should be considered.

Providing escalators for up and stairways for down
directions will eliminate the problems of reverse flow.
Poor configuration adds to the problem.

4. Entrance Configurations: Some entrance con-
figurations restrict movement along platforms as shown
in Figure 4.01. Reservoir space should be provided in
proportion to the number of people to be accommodated.

5. Queuing Space: The volume of people who are
queuing at a particular stairway or escalator determine
the queuing space. Queuing space may be determined us-
ing queuing level of service standards.

6. Direct Connections: Direct connections from
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station to major employment or shopping centers, to al-
"leviate potential major congested areas on stairways or
escalators, and sidewalks, should be considered.

7. Design Criteria: Design criteria not covered
above is:

a) the nominal or design capacity
for an escalator is 80% of the
manufacturer's theoretical cap-
acity for a 90 fpm escalator
speed and 75% for a 120 fpm es-
calator speed.

b) maximum riser height of 6é%" and
a rounded nosing flush with the
riser should be provided for
stairs for comfort and conveni-
ence and to increase efficiency
of traffic. Time mean speed is
higher with riser height of 6"
than with riser height of 6%".
Pedestrian stair speeds are
shown in Table 4.01.

c) the width of traffic lane on a
stairway or escalator should be
30 inches.

d) on stairways where reverse flow
volumes occur frequently, a re-
verse flow lane should be pro-
vided.

e) stairways and escalators should
be well lighted.

f) stairways and escalators should
be readily visible and identifi-
able.

g) stairways and escalators should
be designed for safety, security,
convenience, continuity, system
coherence and attractiveness.
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PEDESTRIAN STAIR SPEEDSI

Horizontal Time-Mean-Speeds
(Feet Per Minute)

DOWN DIRECTION UP DIRECTION

(1) (2) (1) (2)
Age-29 or under
Males 163 183 110 120
Females 117 132 106 110
Group Average  ~ 397~ 160 108~ "II5™
Age-30 to 50
Males 136 160 01 116
Females 100 128 94 107
Group Average 1277 153 99 T Iia”
Age-Over 50
Males 112 118 85 81l
Females 93 a1X 77 89
Group Average 1087 i 83 83~

Average-all ages, sexes 132 152 100. 113

(1) Indoor stair, 7-inch riser, 11.25-inch tread,
32-degree angle

(2) Outdoor stair, 6-inch riser, 12.0-inch tread,
27-degree angle

TABLE 4.01

(Source: Pedestrian Planning and Design, Fruin)
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lll - PLATFORM ENTRANCES

Similarity of platform entrance locations along a
subway line promote congestion by clustering people
close to entrances. More evenly loaded subway trains
on any one particular line would result by alternating
entrance positions along the line. Care must be taken
to identify major enter/exit stations along the line
while alternating entrance locations.

For practical purposes only four basic entrance
locations may be considered. These locations are at
both ends, 1/3 point, 1/4 point, and at the center.
The center loading arrangement has the flexibility of
movement along the longitudinal axis up to a point 120
ft. to 150 ft. from the ends of the station. 1In al-
ternating platform entrance locations the variations
in locations should be at least one car length or 75
ft. to create the desired effect.

IV - STATION ENTER/EXIT FACILITIES

Providing more than one enter/exit facility, if
enough demand exists, would relieve congestion. Part-
time operation of additional enter/exit facilities may
be considered if full time use of the facility is ex-
pected in future.

Location of enter/exit facilities on sidewalks
restricts sidewalk space and creates congestion at
sidewalk level and on stairs. Off street enter/exit
locations are preferred.

The entrance to the mezzanine should be direct,
avoiding unnecessary turn which could cause confusion
and congestion.

V - OBSTRUCTIONS

Columns located close to the platform edge inter-
fere with passengers boarding or exiting cars, result-
ing in congestion. Columns on platforms should be a-
voided; if not, they should be located at least 5 ft.
from the edge of platform.

Benches should be located away from entrance
points as there is a tendency for people to cluster
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around benches.

Vending machines restrict available circulation
space, and hinder surveillance operations. Their in-
terference could be lessened by placing them in re-
cessed areas in the mezzanines and adopting a policy not
to have any vending machines on platforms.

Token and change machines should be located as near
major flow routes as necessary to ensure high usage but
shall have minimum undesirable effects on flow.

VI - TOKEN BOOTHS

Token booths should be located such that the queues
generated do not interfere with various flow routes
present, or diminish the effective width of key move-
ment channels. Token booths, if grouped, should be lo-
cated such that one queue does not obscure the view of
another, and joining one queue should not necessitate
passing through another. Pedestrian waiting in areas
surrounding the token booth should be discouraged.

Reservoirs, groups of people who have accumulated
in an area because of some limitation in flow capacity
beyond that area, that occur in service areas interfere
with servicing and movement. Service areas should be so
designed that reservoirs occur prior to service areas
rather than in them. This could be accomplished by mak-
ing the capacity of the entrance to the service area e-
qual to the capacity of its exit.

When streams intersect and merge in a service area,
a great deal of personal interference results. There-
fore the confluence of streams entering the station
shogld occur prior to the service area rather than in
it.

If more than one token booth is provided in a serv-
ice area, and if symmetrical usage cannot occur natural-
ly, information should be provided to ensure that simi-
lar facilities will be equally used.
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Vil - SIGNAGE

Moving people who suddenly stop in the middle of a
heavy stream, obviously looking for information, create
congestion. The system coherence of station elements
is an important aspect of the design. Incoherent sta-
tion design increases the need for explanatory signing
which further confuses the pedestrian with multiple vis-
ual inputs and lessens individual sign effectiveness.

It is vital that all signs be read easily and un-
derstood quickly. This demands the consistent use of a
distinctive type face throughout the entire system.

Research has shown that the most "appropriate"
type face for this purpose is a regular sans serif. Of
the various weights of sans serif available, Standard
Medium has been found to offer the easiest legibility
from any angle, whether the passenger is standing,
walking or riding.

The specific size type to be used will vary ac-
cording to the three basic sign categories:

l. for Station Identification, Exit and
Transfer signs, the largest type
face, X height 9"

2. for Direction signs, X height 4 1/4"

3. for Information Signs, X height
1 3/8"

(X height has been used as a point of
reference and represents the height of
upper case X in the Standard Medium al-
phabet.)

The placement of all signs should be controlled so
that there is no conflict in the information offered
for proper direction. The basic sign distribution is
vital and should include:

l. Street Level: station name, direc-
tion, color-coded line identifica-
tion discs.

2. Maps: system map, neighborhood
map, "How to get there" map.
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3. Direction signs, branching traffic
flow to track levels and exit.

4. Direction sign branching traffic to
left and right.

5. Exit/Transfer sign.

6. Train information signs: direction,
discs and schedules relating to trains
passing on that track.

7. Station Identification.

8. Station Identification on the columns
(abbreviated.)

VIII - PASSAGEWAYS AND CORRIDORS

Insufficient width of passageways or corridors
leads to severe congestion. The width of passageways
or corridors may be obtained using level of service
standards for walkways.

Machines, located in passageways or corridors, anc
the group of people around them cause considerable de-
crease in the effective width of the passageway which
diminishes the flow capacity and gives rise to high lev-
el inter-personal interference. Therefore, allowance
should be made for the physical separation between the
pedestrian and the stationery objects or walls.

Peak periods of 20 minutes or less should be usec
in designing the passageway. The effects of platoons
should be considered when applying level of service
standards.

IX - LEVEL OF SERVICE

The level of service concept is used for cetermin-
ing the maximum capacity ratings for pedestrian space.
The method takes into account physical and psychologi-
cal discomfort and circulation such as the freedom to
choose walking speed, and the ability to overtake and
pass slower pedestrians. Level of service standards

TP-4-10



for walkways, stairways, and queuing spaces are given in
Tables 4.02 through 4.04. For transportation facili-
ties the design should be based on level of service B or

cl.
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LEVEL OF SERVICE STANDARDS FOR WALKWAYS

Level of
Service Avg. Area S.F. Avg. Flow Circu- Places of
Category __ Per Person __ Vol. (PFM)* lation Occurrence
A 35 or greater 7 or less Unre- Plazas,
strict- Mezzanines
ed
B 25 - 35 7 = 10 Slight- Transport-
ly Re- ation
strict- Terminals
ed
C 15 - 25 10.=- 15 Re- Transport-
strict- ation
ed Terminals
D 10 - 15 15 - 20 Severe- Not Recom-
ly Re- mended
strict-
ed
E 5 - 10 20 - 25 Severe- Not Kecom-
ly Re- menced
strict-
ed
F 5 or less Variable Severe- Not Recom-
up to 25 ly Re- mended
strict-
ed

* persons per ft. width of walkway per minute.

TABLE 4.02

(Source: Pedestrian Planning and Design, Fruin)
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Level of
Service

Avg. Area S.F
Per Person

20 or greater

15 - 20

10 = 15

4 or less

. Avg.
Vol.

5 or less

10 = 13

13 =~ 17

Variable

up to 17

Flow
(PFM) *

Circu- Places of
lation__Occurrence
Unre- Plazas,
strict- Mezzanines
ed

Slight- Transport-
ly Re- ation
strict= Terminals
ed

Re- Transport-
strict- ation

ed Terminals
Severe- Not Recom-
ly Re- mended
strict-

ed

Severe- Not Recom-
ly Re- mended
strict-

ed

Severe- Not Recom-
ly Re- mended
strict-

ed

* Pedestrians per ft. width of stairway per minute.

(Source:

TABLE 4,03

Pedestrian Planning and Design, Fruin)
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LEVEL OF SERVICE STANDARDS FOR QUEUING SPACES

Level of Inter-
Service Avg. Area S.F. Person Circu- Places of
Category __ Per Person __ Spacing, Ft. lation _ Occurrence
A 13 or more 4 or more Unre- Concourse
strict-
ed
B 10 - 13 3-1/2 - 4 Slight- Platforms,
ly Re- Concourse
strict-
ed
C 7 - 10 3 - 3-1/2 Re~- Ticket
strict- areas,
ed Lobbies
D 3 -7 2 - 3 Severe- Escalators
ly Re-
strict-
ed
E 2 - 3 2 or less Not Not Recom-
Possi- mended
ble
F Less than 2 - Not Not Recom-
Possi- mendec.
ble
TABLE 4.04

Source: Pedestrian Planning and Design, Fruin
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Chapter 5

OPERATIONAL CRITERIA
I- CAPACITY

In rapid transit operation, provision is made for
maximum capacity operation during the hours when the
heaviest volume of people must be moved at optimum speeds.
As the rush hour load tapers off and fewer trains are re-
quired to provide service, it is possible to run high
speed service with the schedule speeds limited only by
the car equipment capabilities, the physical restrictions
of the right of way, and the number and duration of sta-
tion stops.

System capacity is not solely a function of train
speed, but a complex function of speed, train length,
braking distance, rate of acceleration and deceleration,
system reaction time, station dwell time, and the percent
tolerance which must be allowed for each function in
practical situations.

Maximum capacities occur at speeds considered moder-
ate, and as train speeds exceed this critical moderate
speed, capacity decreases.

Train capacity is a parabolic function between time
and speed. Optimum capacity occurs at approximately 90
seconds headway, when station dwell time is considered.

The following conclusions are based on analysis of a
theoretical system and are valid in a practical system:

1. for any given train length, capac-
ity increases as headway decreases.

2. for any given train length, the
critical velocity yielding minimum
headway also yields maximum capac-
ity.

3. as velocity increases past the
critical value, capacity decreases.

4. at any given speed, capacity in-
creases as train length increases.

5. at any given fixed capacity re-
quirement, velocity increases and
headway increases as train length
increases.
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In optimizing capacity, the problem
is to maximize it with a given amount of
equipment. The alternatives are:

1. provide many short, slow trains.
2. provide few long, fast trains.

Capacity is defined as the number of
people per unit time moved past a fixed
point. Dividing the number of passengers
per train by the headway in seconds gives
us the capacity in units of passengers
per second. A more convenient form of
capacity is given by

3600 Pt
Cp» ——e s « s & 113

Cp = capacity, passengers per hour.

Pt = number of passengers per
train.

h = headway in seconds.

Capacity can also be expressed in
trains per hour per track, rather
than number of passengers per hour.

3600

h

Multiplying CT by the train length,
L, in feet, gives capacity in train-feet
per hour, C'T ; a useful figure for com-
parison purposes.

o » » o {2)

C1-=

. 3600L
S

From (1) and (3), we can establish
the following relationship between cap-
acities:

. 28 P
Cpe 3690L P T o

Pt
M

Cp=28I3C'r(for R-44 Car) . . . . (5)
TP~5-2
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If we define Cp(s) as capacity of
seated passengers per hour, then:

P(g) 1
Cota)=—— XCr
Cpes) =0.987C'y (for R-44) . . . . (6)

Where::

P(s) = number of seated passengers per
train.

(5) and (6) are based on an 8(75')
car train, allocating a 1.5' x 2.0' ellip-
tical area for each standing person. For
varying passenger density and different
types of cars, the appropriate figures
should be obtained from Table 5.01. Table
5.02 lists the standing room available in
various car series.

Variations in flow within the peak-hour have defi-
nite effects on the operating characteristics of a
line, and thus influence the capacity which can be ob-
tained in practice. Variations in flow are expressea
in terms of the Peak-Hour Factor, which is the ratio of
the volumes occurring during the peak-hour to the maxi-
mum rate of flow during a given time period, within the
peak-hour. These ratios are determined by dividing the
peak-hour volumes by three times the peak 20 minute vol-
umes. The maximum value the peak-hour factor can take
is 1.0.

Peak-hour factors should be applied in determining
the capacities of lines.

CpL=PHF X Cy X Py

Where:

Capacity of the line,
passengers/hour/track

CpL

PHF = peak-hour factor

TP-5-3
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CAR AND TRAIN LOADING

]
I
|
' REASONABLE *JDESIRABTLTE =
ITYPE 2.36 S.F. /person) ( 3 S.F. /person) !
1 I
: 47
\ TOTAL STAND I_fEAT TOTAL
|
! -
I
|R-44 A 207 109 72 | 181
I I
'R-44 B 350 280 76 215 113 76 189 :
' |
'R-42 300 220 a6 157 91 a6 | 137
|
|
IR-40 A/C | 300 220 a6] 164 97 46 | 143 !
|
| R-38 300 220 sof 170 99 so | 149 |
| |
IR-16 ** 300 sa] 170 103 54 | 157 |
R SR S, (SRS, RS TS SR, SNSRI, (NS S (P— =3
NO. OF PASSENGERS PER TRAIN,
T D [ R a
| R-44 2800 2208 1096] 592) 1688 1480 }
| i
| R-42 3000 2200 1110 460] 1570 1370 )
| |
'R-40 A/C | 3000 2200 1180] 460] 1640 1430 !
| !
| R-38 3000 2200 12000 s00] 1700 1490 |
! |
R-16 ** | 3000 2200 1160] 540 1700 1570 :
- ___¥ & _____ _________ J

% Based on actual layout of 1.5" x 2.0" ellipse - TA Standard

* % has transverse seating.

TABLE 5.01




VARIOUS

CAR SERIES

STANDING ROOM AVAILABLE IN
R-44___(A_Unit)
Long. 4(3.5 x 13)
Trans. 3(5.0 x 3)
Wells 8(4.2 x 3)
Total
R-44___(B Unit)
"A" Unit
Cab Area 3 x 4
Total
R-42
Long. 3.2 x 48
Adj. to Cabs 2(2.5 x 3.3)
Wells 8(4.2 x 3)
Total
R-40
Long. 3.7 x 48.8
Adj. to Cabs 2(3.2 x 3)
Wells 8(4.2 x 2.7)
Total
R-38
Long. 3.7 x 50.2
~Adj. to Cabs 2(3«1 x 32)
Wells 8(3.8 x 3)
Total
BZLQ (Transverse Seats)
Long. 4 x 50.2
Portion of Trans. 3(0.3 x 4.8)
Adj. to Cabs 2(3.1 x 3.5)
Wells 8(4.2 x 2.7)
Total
TABLE 5.02
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45
101
328

328
12
340

155
17
101

273

180
19

91
250

186
20

91
297

201
20
91
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The following formula is used to determine the ap-
proximate number of cars required for new route oper-
ation in peak-hour.

_60ntl
Where: VH
N = number of cars required for new
route operation in peak-hour, for
constant headway, without lay-up.
n = number of cars per train.
t = number of tracks operated at the
same headway.
| = length of the line in route miles.
V = average speed in mph.
H = headway in minutes.

Allowance should be made for 3 trains at terminals
and 10% of N cars for lay-up and relay trains.

Therefore:

No. of cars required = (1.1) N + 3 n.

Il - SPEED LIMIT

To achieve maximum scheduled speed, trains must be
operated at the maximum speeds permitted by the physi-
cal characteristics of the track. In general, all sig-
nal blocks provide for:

1. Maximum Authorized Speed, dictated
by the physical characteristics of
track, car equipment capabilities,
station spacing, and rates of ac-
celeration and deceleration.

2. Speed, to provide for optimum

headway operation, maximum track
capacity, and minimum recovery time

TP-5-6



in the event of delays to service.

3. 2ero Speed, to provide for train
protection.

In a Restricted Speed Limit Block a train shall be
considered to occupy said block from the time the front
of the train enters until the rear of the train exits
from the block. Trains approaching a restricted speed
limit block from a higher speed block must decelerate
before entering, and enter at, or below, the prescribed
limit. When leaving the speed limit block the train
will not accelerate above the restricted speed until
the rear end is clear of the block.

Significant increase in maximum attainable vehicle
speed does not proclude a proportional increase in
schedule speed. For example, average speed of an R-44
car between two stations 1.0 mile apart, excluding sta-
tion stop time, is 28 mph for a 30 mph operation, and
36 mph for a 45 mph operation. Therefore, the maximum
vehicle speed should be one which will meet all fore-
seeable requirements of rapid transit service and which
is economically attainable with currently available
technology.

Figure 5.01 is a graphic presentation of maximum
attainable velocity with a R-44 car without considering
Station Stop or dwell time.

Il - HEADWAY

Headway is defined as the interval of time between
successive trains measured from the front end of a lead-
ing train to the front end of a following train as they
pass a point. A maximum number of trains can be moved
through a system when headway is at a minimum.

Maximum capacity and minimum headway are governed
by station headway - that is: the incremental time loss
per station. The number of trains operating on a par-
ticular line is limited by the number that can be passed
through the limiting station.

Station headway consists of:
1. time consumed during braking, t p

2, time consumed by station stop, dwell
time or standing time, t g

TP=5=-7
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3. time consumed during acceleration, tg4

Acceleration and deceleration rates are not con-
stants but vary with the type of the car (the reader is
referred to Transit Authority's Car Data Book.)

Standing time,'s is approximately a linear func-
tion of the number of passengers boarding/alighting per
train door. The effects of crowding during peak-hours
on standing time is clearly noticeable at heavily-used
stations.

The New York City Transit Authority (N.Y.C.T.A.)

uses a "fixed block" train control (Signal) system. A
"fixed block" is a length of track which only one train
may occupy at any given time, when the system is operat-
ing normally. In addition, leading and following trains
are separated by an unoccupied block, which provides for
the safety of the system. Figure 5.02 shows a typical
fixed block system.

It can ke seen from the figure that the distance
between trains varies with their position in the "Block."

The distance between trains must provicde not only
for braking distance but also for the distance the fol-
lowing train would travel during a Reaction Time. The
Reaction Time, Yty , is defined as the time interval be-
tween the sighting of a signal phase and the actual full
application of brakes.

Algebraically, the relation between the minimum
stopping right distance in feet, ¢ s’ and train velocity
can be represented as

d . Ve, L.
s = 1467(Vt + =) (1)

Where:
V = speed in MPH, and
b = rate of deceleration in MPHPS.

The minimum stopping sight distance represented by
(1) is sufficient to allow the following train to stop
just as it is about to touch the preceding train, under
ideal conditions. No margin for error or safety factor
is proviced. However, a system safety of 35%, to ac-
count for variations in adhesion and equipment perform-
ance, should be provided.

TP=5-9



0T~-G-dL

TRAIN 2 TRAIN |

———> CC——>
GREEN YEL LOW RED RED
L L L L L
e St 2 S 2 St B Sk >
d
e -

Lg=LENGTH OF FIXED BLOCK

d =MINIMUM DISTANCE BETWEEN TRAINS FOR MOVEMENT AT A
CONSTANT VELOCITY

L =LENGTH OF TRAIN

ELEMENTARY FIXED BLOCK SYSTEM

FIGURE 5.02



The distance in feet between trains can now be rep-
resented as:

Ds =1.35dg

2
Ds =1.35 ((|.467)(Vt,+ ;7’) C e (2)

This is the distance between the rear end of a
leading train and the front end of the following train.
By adding the train length, L, to Dg_we have the sep-
aration, !

S=Dg+ L

between similar points on the two trains, that is need-
ed for calculation of headway.

The headway, in seconds, can now be represented by:

__Ss
1467V
v2
1.35 ((|.467)(Vt,+ T2 AL
h= 1467V
. ol s upegianme: 5% & & LB
b= 1351 +135 55 + b

By differentiating (3) with respect to V and set-
ting it equal to zero, we can solve for the critical
velocity,V, , at which headway is minimum:

dh 1.35 L L s
dh _ L. — L .135/2b
av 0% %p ~“iaerve © 1. 467V2

[ 2bL m
eV~ = s 1.0IbL
e \]I.35)(I.467 v @ & 5 i)

Figure 5.03 represents theoretical Headway versus
Velocity at fixed train lengths with no Station Stops.
Although these curves are for a theoretical system, some
general conclusions that can be drawn from such a theo-
retical system are:

1. At any given speed, headway decreas-
es with a decrease in train length.

2. The longer the train, the higher its
critical speed.

3. Once critical speed is reached, any
increase in speed increases headway.

TTP=-5-11
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Assume there exists a train control system that con-
tinuously monitors all train positions and has a zero re-
action time,; that is, whenever a leading train begins to
brake, the following train begins to brake simultaneous-
ly. Also, disregard the possibility of a leading train
stopping in other than a normal mode, such as by derail-
ment. This assumed system is not practical, nor would it
be safe if it were, but it allows the reduction of the
spacing between trains to the absolute minimum-zero feet.
In figure 5.04, this system is illustrated with the lead-
ing train shown initially in a station. To obtain the
minimum headway, it is assumed that as train #l1 accelerates
out of the station, train #2 accelerates into the station
until it must brake for the station stop.

Assume:

a = rate of acceleration, MPHPS

b = rate of deceleration, MPHPS

L = length of train, feet

d, = distance travelled during ac-
celeration into station, feet

d, = distance travelled during
braking for station stop, feet

ta = time to travel distance, seconds

'p = time to travel distance, seconds

ts = duration of station stop = 20 seconds

Vp = peak velocity where acceleration

ends and braking begins, MPH

Headway in seconds can be represented by:

h='a +tb +ts e« e s e (5)

P=-5-13
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and

Vp'-'a'a=btb .‘-ta=-g-'b

2d,
(1.467) a

da= 7 (1.467) aty? t=

. 2d,
Slmllarly, fb = m

and L

B

"
Q.
(=]
+
Q.
o

]]
D
NI o
q
—~
a
-t
=]
»
+
o
-
o
o

2 (1.467)b(a +b)
=t 2a

Therefore:

te = | 2al
b=\ 1.467b(a +b)

Similarly,

« o (6)

) 2bL
fo-J I'467q(a+b) L] . . . (7)

2.5 MPHPS, b = 3.0 MPHPS, and L=600 H.
tq= 13.4 Secs.

for a

and tp = 11.2 Secs.
Therefore:

h=13.4 + 11.2 + 20 = 44.6 secs.

The minimum possible headway under idealized condi-
tions is 44.6 seconds with a 20 second station stop.
From Figure 5.04, the maximum speed attained by Train
Number 2 before it starts to decelerate is approximately

TP~5=15




32 MPH. For this speed, minimum headway is approxi-
mately 25.5 seconds (Figure 5.03.) When this is com-
pared to the theoretical headway with Station Stop, it
is evident that Station Stops are the determining fac-
tor for headway in a rapid transit system.

There are a number of simplifications made in the
preliminary equation for minimum headway which, when
considered in practical terms, will add to the actual
minimum headway that can be achieved.

They are as follows:

l. Braking distance is not provided be-
tween the rear end of train number 1
and the front end of train number 2
during the period of time when train
number 2 is entering the station.
(T.A. provides emergency braking dis-
tance, plus a margin of safety.)

2. The rate of acceleration is variable
and dependent on the car traction
system.

3. The type of operation to achieve min-
imum headway assumes a train'protec-
tion stop in approach to the station
for train number 2. It further as-
sumes that train number 2 will accel-
erate into the station, and then brake
to a stop. This type of operation re-
sults in a loss of schedule speed and
an increase in power consumption that
would be relatively inefficient.

4. There is no provision made to account
for the practical tolerances required
in the actual acceleration, resulting
velocity and braking rate due to e-
quipment tolerances and variations in
the available adhesion.

5. There is no provision made to account
for the reaction time of the total train
control and traction system equipment
response.

6. Time required for 'jerk' regulation of
the train is not considered.

TP~5=16



The evaluation of system headway and capacity, on
a practical basis, requires that the two limiting com-
ponents be combined. This combination will be the sta-
tion headway plus a minimum practical separation between
trains, as shown in Figure 5.05.

The minimum separation between trains required to
bring a following train to a stop at a service braking
rate short of hitting a leading train has been shown to
be:

2
g, l467VE (e
2b

This separation can be broken down into three dis-
tinct distances:

dq = distance travelled during accel-
eration.

db'= distance travelled during brak-
ing.

d, = distance travelled at a constant
velocity in approach to the sta-
tion.

‘.. S= d°+db+dc o o . . (9)

Combining Formulas (8) and (9) and rearranging:

__l4s7v?2
e 2b
And it has been shown that the distance travelled
in accelerating and braking is:

+L-d°—'db e o o ® (10)

2 2
.467V 1.467V
s B mrpm— d Oy W X
s 2a an b 2b

Substituting in (10) the distance travelled at the
constant velocity:
2 2 2
d w487 = = ~ ¥y 4L
¢ =l )(2b . )
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Simplifying:

:
d:L_M . . . . (11
c >a (11)
The time consumed while traveling at the station

approach velocity is:

de
'C S —
.467V
and substituting:
L Y
t, = = « o s o« (12
© lL467v  2a ekl

Adding the time consumed by train number 2 travel-
ing at a constant velocity in approach to the station,
to station headway, an expression for a more practical
minimum headway is obtained:

hzhs +fc
Where:
he=tq+tp+1s= o + 1 +1g
Therefore: p= ¥ 4 V t. + L -V
"ot t's T izerv T 2a

Combining terms and rearranging:

MoV _ L e e .. (13)
20t Yigerv s

Differentiating p, with respect to V and equating
it to zero,

h=

dh 1 | L
— I — _—— —— - =
av "2a T3 " TRerye YO0
: V2 - L . 2ab
L 1467 (2a+b)

> _ B 2abl
VE =Veritical 1.467(2a+b . . . . (14)

Figure 5.06 is a plot of the maximum obtainable
capacity expressed in train feet per hour past a given
point, with a 20 second station stop. Curves are plotted
for two different train lengths.
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15
20
25
30
35
40
45
50
29
60

70

C't =3600 L/h

VELOCITY VS.

h
(L=600)

98.3
51.17
49.73
49.9
51.87
54.9
60.1
67.34
78.48
96.51

CAPACITY
WITH 20 SEC. STA. STOP
(R-44 CAR)

'
(2=450) (E;ZOO)
84.07 20,710
56.03 32,579
48.5 39,060
46.07 42,212
45.6 43,435
46.45 43,287
48.87 41,643
52.4 39,344
57.84 35,940
65.29 32,076
76.63 27,523
94.8 22,381
154.82 13,822

156.27

TABLE 5.03
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The theoretical minimum headway for a 600 ft. train
is calculated to be 49.7 seconds, a capacity of 43,435
train feet per hour, as shown in Table 5.03. This is
the equivalent of 72 trains per hour, each of which is
600 feet long. To achieve this capacity, the maximum
speed is 25.0 MPH.

In all computations of headway up to this point the
limitations imposed by an actual train control system
have been neglected. When an actual system is consider-
ed, it is found that the theoretical minimum headways
cannot be approached as closely as one would like.

The 3 aspect, 3 block wayside signaling system of
intermittent train control presently in use on the New
York City Transit Authority System adds seconds to head-
way due to considerations of:

l. Sighting distance.

2. Limitations imposed by only two per-
missive aspects.

3. Extra block length necessary due to
maximum attainable speed assumption.

4, Non-continuous train control.
5. Restrictions over special work.

6. Restrictions due to curve, grades or
roadbed conditions.

The last two items are actually dependent on track
layout and would not be appreciably changed by use of a
different train control system. The first four items
can be affected by a cab signaling system with automat-
ic train control and speed regulation.

IV - ADHESION

Adhesion is defined as the tangential frictional
force that develops between train wheels and rail any
time a train is in motion. The coefficient of adhesion
is a characteristic of the twc surfaces in contact and
proves to be the limiting factor in determining the max-
imum tractive effort that can be developed on a rail
system.
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The coefficient of adhesion is identical to the co-
efficient of friction and can be calculated by dividing
the maximum force developed before wheel slippage begins
by the force normal to the direction of travel:

Ft
Kq 2 —
Fn
Where:
Kq = coefficient of adhesion.
F{ = tangential force developed at
wheel slippage.
Fp, = normal force.

On level, tangent track the normal force is equal
to the weight of the train,W:

Fn=W

and
F
Ka =

The force that is required to accelerate or deceler-
ate a train is given by the mass of the train (m) multi-
plied by the rate of acceleration (a) or deceleration
(b) . Considering deceleration:

F=mb

The maximum force that can be used for deceleration
is that force where the wheels just begin to slip.

Therefore:
F=F¢
and substituting:
mb= Kq w
The mass of train is equal to the weight of the
train divided by the acceleration due to gravity, ¢ = 32.2

feet per second.

- W
m=g
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w
Therefore: T b=KqW

. b _ 14678
Which reduces to: Kas= = = 0.
a g 320 0.04558B

And B=22Ka
Where B = braking rate in MPHPS.

These relationships clearly illustrate that adhesion
capabilities control braking rates and similarly acceler-
ation rates.

The coefficient of adhesion varies with the physical
condition of the surfaces in contact. 1In general, rough
surfaces have relatively high coefficients and smooth sur-
faces have low coefficients. The adhesion between two
surfaces can be lowered by wetting the surfaces; it can
be lowered further by oiling the surfaces.

The coefficient of adhesion also varies with the
velocity of the train, decreasing as train velocity in-
creases. Figure 5.07 is a series of adhesion versus vel-
ocity curves for various rail conditions taken from test
data on the Pennsylvania Railroad.

A coefficient of achesion of 13.7% is a safe, rea-
sonable value to be used in the determination of the
maximum allowable deceleration rate for calculating brak-
ing distances. An achesion coefficient of 13.7% corre-
sponds to a deceleration rate of 3.0 MPHPS.

V - BRAKING DISTANCE

The followina eguation gives the braking distance
required for a body traveling at a particular velocity
(up to 40 MPH) to decelerate to rest (zero velocity) at a
constant rate on level track.

0.733Vv?2 R
Where: D = B
D = distance traveled in feet

V = velocity in mph
B = braking rate in mphps
A simple mathematical analysis cannot be made to

yield braking distances for velocities greater than 40
MPH due to the variation of deceleration with velocity.
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An incremental approximation using 5 MPH velocity
increments and the average acceleration rate during the
increment will yield results that are almost equal to
(maximum possible error is less than 1.8%) those obtain-
ed through rigorous mathematical analysis.

The distance traveled during a 5 MPH decrease is
given by:

_ 733/ 2 2)
dis <= (vi -(vi=-5)¢) - - . - (2)
Where:

d; = distance traveled in deceler-
ating from velocity Vito a
velocity 5 MPH less.

B = arithmetical average of the

instantaneous deceleration
rates at velocities V; and V;-5
MPH.

Using the relationship that the braking distance,
in any range where the acceleration is uniform, is equal
to the average velocity multiplied by the time the veloc-
ity is averaged over, the following expression is valid
for velocities less than 40 MPH.

=V

B

Where t is the total time consumed in decelerating
to a stop from a velocity V of 40 MPH or less and B is
a constant braking rate.

The time, t;, consumed in decelerating from veloc-
ities greater than 40 MPH is calculatecd by using the
same increments used for calculation of distance, Dj.

dj
~ .733)(2Vv;-5)

ti
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BRAKING DISTANCE AND TIMES FOR SPEEDS OVER 40 MPH

o T ——

Velocity Range Average Distance] Time

Traveled Through Deceleration Rate d;, t,
Ba, in feet]in sec.I

V; MPH toV; -5MPH
in MPHPS

r----------+---------q----ip----.

70 to 65 2052 197 1.98

65 to 60 2.61 176 1.82

60 to 55 2,69 157 1.86

55 to 50 2.78 138 79

50 to 45 2.89 121 1.74

45 to 40 2.96 105 1.63
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SYSTEM RESPONSE TIME

The previous braking distances are the distances
covered from the time deceleration starts to actual stop.
No account has been made for any distances which may be
covered in the system response time; that is, the time
that elapses from a point where lower speed command is
transmitted to a point where deceleration actually begins.

The distance traveled during the response time is
given by:

D,=1.467 Vt,
Where:
D, = aistance traveled during re-
sponse time, in feet.
V = velocity, in miles per hour.
t, = system response time, in

seconds.

Figure 5.08 is a graph of velocity versus braking
time, and velocity versus braking distance, with and
without response time.

EFFECTS OF GRADES

Downgrades increase braking distance, and upgraces
decrease braking distance. The braking distance, dis-
tance traveled with brakes applied, is given by:

2
Db= Dv . . . . (3)
V2 +30D(+ G)
Where:

Dp = braking distance, in feet.

D = braking distance on tangent
level track ; An
feet, excluding distance trav-
eled during response time.

= velocity, in mph.
G = rate of grade

+ for ascending grade

- for descending grade
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When braking distances are measured on a level test
track, the distance measured is from the point of en-
trance into the control block to the point at which the |
train comes to a stop. This measured distance includes
both the distance covered with brakes applied anc the
distance covered during the system response time.

Distance traveled during response time is not a
function of graae but only of velocity during the re-
sponse time. That is, a train traveling at a velocity
of V, mph on level tangent track will travel the same dis-
tance in seconds, during response time, as a train
traveling at V, mph on a } 2% grade. This is true be-
cause the tractive effort producecd by the propulsion sys-
tem with speea regulation control can compensate for
force changes cdue to grades and maintain a constant ve-
locity.

Grade compensations, therefore, are not aprliecd to
the measured braking distance but rather to the measured
total distance minus the distance traveled during the
response time:

D=Dy-1.467 Vt,

Where:

Dt = total distance to stop, on level
tangent, in feet.

Therefore:

v2(Dy-1.467Vt,)

Du =
V2430 (Dy -1.467ViH) (£G) * * + 4
The total distance to stop cn a grade,DT, is that
given by Dp plus the distance traveled during the sys-
tem response time. Therefore, the general ecuation for |
braking distance on a grade is:

20, -
T= V_iDy 1467 Vi) FlLA6TVir . .« . . (5)
V2430(+G)D4t-1.467Vyy)

If t = 4 seconds, (5) becomes:

v2(Dy-5.867V)
Dy= i +5.867V . ....(6)

VZ4+30(+G) (Dt -5.867V)
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Table 5.04 is a tabulation of braking distances for
velocities of 5 to 70 mph and grades of +5% to -5% with
a response time of 4 seconds. This data is used in the
design of a train control system.

VI - ACCELERATION

Acceleration and deceleration are limited by the
achesion capabilities of the wheel to rail system. Oth-
er factors which affect the desired acceleration charac-
teristics of a rapid transit train are:

l. passenger comfort.
2. traction motor.

3. power demand and consumption.

————— e ———— e ——

The generally accepted maximum rate of acceleration
is 3 mphps for a rapid transit system requiring standees
in the vehicle. Repetitive accelerations above 3.3 mphps
tend to make even seated passengers uncomfortable. Jerk
regulation, or the control of the rate of change of ac-
celeration, is an aid to passenger comfort when high ac-
celeration rates are used.

Traction Motor

The DC traction motor has an inverse torque-speed
characteristic which results in decreased acceleration
with increasing speec. The traction motor curves, Figure
5.09, for the Westinghouse 1447 tracticn motor show the
acceleration motor speed characteristics for the tractive
motor. The acceleration is limited by the allowable mo-
tor current below 960 RPM. The full field curve shows
the relationship of acceleration to motor speed when the
field is not weakened, which will be the case for oper-
ation on lines without a continuous train control systemn.
When operating in continuous train control territory, the
motor field will be continuously weakened between 960 and
1750 RPM to produce a constant horsepower (acceleration
inversely proportional to speed.) This is accomplished
by continuously weakening the field by shunting with re-
sistors or inductive elements. Above 1750 RPM the field
is fully weakened to 28% of full field strength and the
performance curve follows the inherent speed-torque char-
acteristics.
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1521

1450

1388

Negative and Positive Grade Braking Distances Calculated from (6)
PER_CENT GRADE

Velocity -5 -4 =3 -2 -1 0 +1 +2 +3 +4 +5
B "5 S 38 37 . 55>‘_-;6 35 35 35 34 34 34 33
10 97 93 90 87 85 83 81 80 79 78 77

15 175 166 158 152 147 143 139 136 133 131 128

20 273 256 243 232 223 215 208 202 197 193 189

25 388 363 343 326 312 300 290 281 270 265 259

30 522 487 453 434 413 396 381 368 356 346 337

35 676 627 588 555 528 504 484 466 450 436 424

40 851 787 736 693 657 626 599 576 556 538 522

45 1061 967 900 845 799 760 726 696 670 647 626

50 1272 1169 1086 1017 959 910 867 830 798 769 743

55 1531 1402 1297 1211 1139 1078 1025 980 939 904 872

60 1823 1662 1533 1427 1339 1264 1200 1144 1095 1051 1013

65 2150 1953 1796 1667 1560 1469 1391 1324 1265 1213 1167

70 2526 2283 2092 1934 1805 1695 1601 1333

TABLE 5.04
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The DC motor has commutation limits which determine
the maximum speed of rotation. For a given wheel diame-
ter, the gear ratio is determined by the desired maximum
velocity or balancing speed. The tractive effort re-
quired to move the mass of the train at the desired ac-
celeration rate then determines the actual size of the
motor. The size of the motor, as related to its rated
output, depends on the motor heating. The physical mo-
tor size and weight is also dependent on speed and,
therefore, on gear ratio and the diameter of the wheels.

If the gear ratio is low, the maximum speed will be
high and the rate of acceleration low. If the gear
ratio is high, the maximum speed will be low and the
rate of acceleration high. Increasing the gear ratio in
any particular motor decreases the train speed and in-
creases the tractive effort, both in the same ratio, as-
suming the current is constant. Any alteration in the
diameter of the wheels should be treated as equivalent
to an alteration in the gear ratio, an increase in the
wheel diameter being equivalent to a decrease in the
gear ratio. Conversely reducing the wheel diameter is
equivalent to an increase in the gear ratio.

Acceleration versus Train Velocity, Figure 5.10,
shows the average acceleration from stop to a given ve-
locity on level track. These accelerations are computed
for the W 1447 D Motor with a 5.087:1 Gear Ratio with a
balance speed of 80 mph and an initial acceleration rate
of 2.5 mphps.

Power Demand and Consumption

A higher acceleration rate is characterized by low-
er power consumption and higher power demand for any
particular run. The theoretical minimum for power con-
sumption occurs when acceleration rate is infinite,
since power consumption is calculated from the area un-
der the power-time curve from start to motor cut-off
(coasting or braking beginning.) If the acceleration is
infinite to 70 mph, then the time to reach 70 mph is e-
qual to zero, and the power-time curve is a single ver-
ticle line enclosing zero area. Zero area enclosed
would mean zero power consumed in accelerating to 70
mph. As acceleration approaches infinity, tractive ef-
fort also approaches infinity and since power input in-
creases with tractive effort, power demand also ap-
proaches infinity. In actual practice, it is impossible
to approach infinite acceleration. As the acceleration
rate is increased, the maximum power demand increases,
but the length of time of application of power decreases
with the net effect that in the practical range of val-
ues for acceleration rates, 1.5 mphps to 3.0 mphps,
higher rates mean less power consumed.
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Figure 5.1l is a comparison of the power consumed by
a low acceleration motor and a high acceleration motor
for identical runs. The speed-time and power-time curves
are idealized as no practical traction motor maintains
constant acceleration to 70 mph or draws constant current
to that speed. Curve "A" is for an 8-car train, 45.6 tons
per car, (car weight and seated passenger load) with an
acceleration rate of 2.5 mphps and a braking rate of 2.0
mphps. Curve "B" is for a train of the same weight and
braking characteristics but with an acceleration rate of
1.75 mphps. The velocity-time curve in each case is
drawn to show a 1.5 mile run in 115 seconds, and the pow-
er-time curves are drawn to correspond to the velocity-
time profile. The power demand during acceleration is
calculated as the power required to accelerate at 2.5
mphps at 70 mph, and is assumed constant during the en-
tire acceleration period (which is not true for an actual
traction motor.) The power required to maintain 70 mph
is calculated as the power required to overcome train re-
sistance. '

Power in all cases is taken as the power that is re-
quired at the rims of the wheels on level-tangent track
and then divided by 85% (which is the assumed overall ef-
ficiency of the motors, gears, .controllers, etc.) to
yield the input power. The higher performance train "A"
demands almost 40% more power during acceleration than
train "B" but consumes 8% less power in the 1.5 mile run.

An additional power savings can be obtained by in-
creasing the deceleration rate. As the braking rate in-
creases, the time to decelerate from a particular veloc-
ity to zero decreases and, therefore, the average veloc-
ity of the entire run increases. If conditions are held
equal, then to maintain the same average velocity over a
run, as the deceleration rate increases, the time of ac-
celeration or the time at constant velocity must de-
crease. A decrease in either acceleration time or time
run at constant velocity will yield a corresponding de-
crease in power consumption.

Figure 5.12 shows the Velocity-Time, Velocity-Dis-

tance, Velocity-Deceleration, and Velocity-Tractive Ef-
fort curves for the R-44 traction motor.
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VIl - RESISTANCE

The main impeding forces acting on a moving train
are:

l. curve resistance
2. grade resistance
3. train resistance

Curve Resistance

The movement of a train along a curved track is re-
tarded a certain amount by the flanges of car wheels
bearing on the rails. This impeding effect is propor-
tional to the wheel base and degree of curve and is tak-
en as 0.8 lbs. per ton per degree of curvature:

T =.8D=.8X-§£¥2
c radius
Where:

Tc = the tractive force required
to overcome curve resist-
ance in pounds per ton.

D = degree of curvature.

Curve resistance is seldom a major factor and is
usually neglected.

Grade Resistance

Grade resistance is that additional factor which must
be overcome by the car motors if the car is to move on an
upgrace. To reach a given rate of acceleration, increased
tractive effort must be supplied by the car motors in ad-
dition to that necessary for the same rate of accelera-
tion on level track. This factor is considered as a vir-
tual increase in the weight of the truck, with the car
motors developing the same tractive effort for the same
speed, resulting in a lower rate of acceleration. A posi-
tive grade imposes additional work on the car motors,
while a negative grade lessens the work-load of the car
motors, in which case grade resistance becomes grade-ef-
fort and results in an increase in rate of acceleration.
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Tg =20 (£G)

Where:

Tg = tractive effort necessary to
overcome the effect of grades
in pounds per ton.

G = percent grade

+ for upgrade
- for downgrade

Train Resistance

Train resistance comprises all of the forces which
tend to retard the progress of a moving car on tangent
level track. These forces are:

l. track resistance due to rolling
friction of the car wheels on a
more or less uneven rail surface.

2. wind resistance due to the wind
pressure on the head of the car and
the skin friction on the sides of
following cars.

3. frictional resistance due to the
bearings of the motor, gears,
journals, etc.

Train resistance is expressed in pounds per ton of
train weight. It is always present and varies with the
speed.

Total train resistance is calculated using the Davis

Formula.
TR= TR;+(N-I) TR,
Where:

TR

tractive effort (level-tangent)

necessary to overcome the car

bearing (Tepp), rolling fric-

tion(TgRrp), and wind resistance
(Tcwr), 1bs. per ton.

TP-5-40



'TR|= tractive effort required to over-
come resistance of lead car, 1lbs.

per ton.

TRy = Tegr + Tege + Tewr,

TRp= tractive effort required to over-
come resistance of following car,
lbs. per ton.

TR2 = Tcer +Tcrr +Tewr,

Where:

" 29
Tegp=(1.3 + “/)
Tcrp =0.045V

2
Tewr, = 0.0024 AV
! WNn
- 0.00034 Av?
Tewr,
WN n
A = area in square feet of cross-sec-
tion of car body and trucks.
N = number of cars per train.
n = number of axles per car.
V = velocity in mph.
W = average load per axle, tons.
Therefore:
2
TR=(1.3+22)+ 0045y + 22023 AV
Wn

0.00034 AvV?
Wn

+(N-1) <(|.3+2—w3)+o.o45v+

0.0024 +(N-1) 0.00034 ) Ay 2

. 29
-n (1134221 +0.045v) + ( e

(0.0024 +(N-1)0.00034)Av?2

I8 29
R=-" +(1.3+57) +0.045V+ =
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Where:

R = average train resistance of car,
level-tangent, in 1lbs./ton.

Figure 5.13 represents a graph of Train Resistance
versus Velocity, for N = 8 and A = 100 S.F.

VIIl - SPEED-DISTANCE AND TIME-DISTANCE CURVES

Speed-distance and time-distance curves are used to
determine the cptimum operating speeds, the running times,
and the required emergency and service braking distances,
including the necessary factors of safety.

The maximum speec-distance curve gives the maximum
speed of the front end of a train at any point in the run.

Typical speed-distance and time-distance curves are
shown in Figure 5.14.

In order to compute data for the speed-distance and
time-distance curves, it is necessary to know the motor
tractive effort, at the car wheel, in pounds per ton of
car-load, for any speed from standstill to the maximum
speed at which the train can travel. This force, applied
at the car wheel, must overcome the train resistance con-
sisting of the rolling friction of the wheels and track,
wind resistance, motor bearing, and brush friction. The
net tractive effort available at the wheel causes the
train to accelerate in the direction of the applied force.

The characteristic curves of motor equipment are ob-
tained from witnessed or certified tests made by the man-
ufacturer. These full field and shunt field, or weak
field, curves show the speed of the train in MPH, and the
gross tractive effort in pounds, developed by the motor.
Shunted field, instead of the full field, curves are used
in calculations because motors using shunted field con-
nections develop higher speeds during a run. The design
of signal layouts is based on the highest attainable
speed.

The motor control equipment provides a starting ac-
celeration of 2.5 mphps, which is automatically held con-
stant at all loads on tangent level track until the S.F.,
or weak field, point is reached.
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The gross tractive effort obtained is the total
pounds of effort developed by the motor. This value is
divided by the total load, in tons, on each motor to de-
termine the gross tractive effort, .

Time distance curves are drawn; one for the rear
end of the preceding train starting at time zero, and the
other for the front end of the following train starting
at a later time, which is equal to the desired headway.
These curves show the relation of the front end of the fol-
lowing train to the rear end of the preceding train at any
time during the run, and are used to determine whether the
number of signals installed and their locations will per-
mit the desired headway. The basic formulae for obtaining
the coordinate curve data are:

a=0.01Ty

= |
aj
Where:
a = acceleration rate at a partic-
ular speed, MPHPS.
Th = net tractive effort, pounds per ton.
Tm = gross tractive effort, at any speed,
developed by motor, pounds per ton.
Tr = opposing tractive effort or
Train Resistance, pounds per ton.
Te = opposing tractive effort of
curves, pounds per ton.
Tg = tractive effort of grades,
pounds per ton.
Vyand Vo = any two speeds, MPH
t; = time required for the incre-

ment of speed from V|toV2 seconds.
i ]
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d; = distance, feet, traversed
during this interval of time.
a; = average rate of acceleration

during this interval, MPHPS.

In determining a; during any interval of speed, the
value T, used must be the average of T, at the beginning
and end of the interval. This gives an average acceler-
ation for the interval and, therefore, to minimize error
the increments of speeds, (V2-V)), should be kept com-
paratively small. For manual computation the increment
of speed is generally selected so that the increment of
distance does not exceed 150 feet. Also for manual com-
putation changes in curvature and grades are considered
as not taking effect until the center of the train
reaches the point of change.

Using the basic formulae and information'on motor
tractive effort and train resistance, the coordinate
points for the curves can be obtained and plotted. Com-
puterizing these calculations allows much smaller incre-
ments of distance to be used and reduces the approxima-
tions required in areas of curves and grades, thus pro-
viding much greater accuracy in the final results.

IX - SUPER-ELEVATION

A subway car traveling at a uniform speed on level
track around a curve exerts a centrifugal force

2
F': w—v— . . . . (l)
gR
Where:
F = centrifugal force, (pounds)

W = weight of the car, (pounds)

Py
]

radius of curve, (ft.)

g = acceleration due to gravity
(32.2 ft/sec?)
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For balanced super-elevation €p , the centrifugal
force must be resisted entirely by the component of the
weight parallel to the plane of super-elevation.

s

gauge

Fl_ Ob
W  gauge

Rearranging,

_ ebw
F'- o . . . e (2)
gauge

for balanced super-elevation,
F=F|
substituting and solving for e

ve gauge
O 5o Y s
b=g X3

applying the appropriate values,

eb,3_7745,\_/; e o« o o (3)
Where:
ey, = palanced super-elevation in
inches.
V = velocity in mph.

For unbalanced super-elevation,e, ,p, @ centrifugal
force equal to three (3) pounds per hundred (100) pounds
of passenger-weight (w) is allowed to act on the rider.
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F, =
" G R =3
Rearranging:
V& 3¢ Ce e . (4)
R w
. v gauge _
€unb = X 9

Rearranging:

VZ  eunbXg

R gauge . (5)

Equating (4) and (5)

e unb = 3X ;’auqc
Cunb = S e ):05:'5 =|.7 in.

Relationship between Balanced

v 2
€p=3.7745 3
Assume maximum balanced super-elevation of €.5 inches

Assume maximum unbalanced super-elevation of 1.7 inches
..®b=6.5in.
Cunb=|7+6.5 =8.2in.

%unb _ 8.2
6.5

=|.26

°b
Therefore: .

€unb =1.26 LTS
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Vap =1.26 v,2

Vunb=L|2Vb

Figure 5.15 is a graph of velocity versus super-
elevation for various radii.

X - MAINTENANCE FACILITIES

A subway car is a combination of systems composed
of sub-systems and components which have different rates
of overhaul requirement.

Components must be replaced or overhauled intermit-
tently every three years, every six years, or every
twelve years of service. Truck frame bushings and wear
plates can give eighteen years of service.

An overhaul program, based on the known or estimat-
ed service life of the system, sub-system or component,
should be developed for the entire fleet of cars. This
program should be planned on an integrated car class
systems' basis.

An integrated systems overhaul program will:

1. upgrade equipment and service reliability

2. reduce repair-shop loading
3. improve maintenance cost performance
Integrated systems can be accomplished in three
phases, as shown in Figure 5.16 to 5.18.
Phase 1 - Acceptance of integrated car
class systems overhaul concept

Phase 2 - Methods and Production engineering study

Phase 3 - Implementation
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