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ezpertise judiciousLy and in a manner 
most beneficiaZ to the community. It 
is neither a manuai of rigid standards, 
nor does it provide easy soZutions to 
the very compZez chaLZenging problems 
of our modern society. 
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Chapter 1 
THE PLANNING PROCESS 

I - PLANNING PROCESS 

The planning process shown in Figure 1.01 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. to identify the objectives and re­
quirements of the system. 

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

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

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

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

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

7. to select the optimal system. 

8. to develop complete design and sfec­
ifications of the chosen system. 

II- 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. 
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The formulation of goals requires the choice between 
similar and conflicting interests and levels of values. 
All considerations (social, legal, aesthetic, political, 
economic, technical, and environmental) are weighed, e- 2 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 is to function effec­
tively. 

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

Ill - DECISIONS 
The criteria for formulating decisions is based on 

economic return and the responsiveness of the solution 
to social values. The first decision is: 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 is one 
that yields 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 better mass transportation 
systems.3 

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 is given in Figure 1.02. It is 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 is rarely used to its 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 is 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 is the primary objective for large­
scale investment in transportation except in urban areas 
where the objective is to make available the assets and 
opportunities of the city to all its 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. 

VII - 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 a.nd 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 is 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 basis 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. 11 3 

VIII - 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 syatem. 

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 observeds 

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 analysia 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. 

J. 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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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. 

s. 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. 

6. 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. 

7. 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. 

a. 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
ciety's social and economic activi­
ties 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 in ac­
cordance with the public interest. 

6. Performance requirements and a 
practical strategy for their 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 

XI-EVALUATION OF ALTERNATNES 
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 

I - 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
ysis 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 beat of the proposed alternatives. 

II - DAT A COLLECTION 

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

1. know what exists 

2. project future needs 

3. establiah 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 ofs 

1. land 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 city1 whether the city reaches 
that ■ize, two or three years sooner or later, is 
unimportant, since administrators can accelerate the 
pace of transportation construction to suit actual 
growth rates.•11 

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. 7 

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. 
Thia stage is primarily field work and includes: 

1. obtaining support of local gov-
ernment official■• 

2. proposed urban renewal projects. 

3. suburban development. 

4. private housing starts. 

s. industrial 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 includes 

TP-2-2 



A. Census Data: 

1. head 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. journey to work statistics 

B. Economic Data Sources: 

1. 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. 



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. 10 The 
limitations of methods too, should be developed. 
This aerial method yields high errors for higher 
density zones giving poorer results. 

Ill - 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 Obtainin~ 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 degree of 
sampling per population of area is as followaal 2 

Size of Sample of 
Dwelling Unit (D • U •) I Population of Area 

1 in 5 o.u. or (201) . less than 50,000 • 
1 in 8 • (12.51) I so,ooo to 1so,ooo 
1 in 10 • (101) I 150,000 to 300,000 
1 in 15 • (6.671) • 300,000 to soo,ooo . 
1 in 20 • (51) I 500,000 to 1,000,000 
1 in 25 • (41) I More than 1,000,000 

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

The home interview provides the m:>st comprehen­
sive method of obtaining travel characteristics within 
a study area. Personal interview■, 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 di■tributed to rider­
ship. 201 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 area 

(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. 
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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 ea ■ential that possession of a telephone in the home 
be a common characteristic of all the social levels 
being surveyed. 

The advantages of Telephone interview ares 

(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
quired, 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 

(c) proper choice of period 

(d) abundant publicity 

(e) capable personnel 

(f) verification 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 Maas 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 pattern■ and a determina­
tion of future demand based upons 

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: 

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

2. Trip ends to land area (Land Area 
Trip Rate Analysis) 
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3. Trip ends to social and economic 
characteristics (Cross-Classifi­
cation Analysis) 1 

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 tooth­
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. 

VP iO j = 

Vp. Q . 
I J = number of 

p. 
I :a number of 

Qi = number of 

Q· 
J -p. 

R·· I 
I J 

m \Q·) r _J 
j= I Rij 

one-way 

workers 

trips 

living 

jobs available 
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in zone i. 

in zone j. 



R;j • straight line distance between centers i and j 
aasuming no physical barriers.lo 

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

1. 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 attractivenesa of each center. 

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

( Ej/R;j) H; 

MH;Sj= 1:fEj) 

j=I\R;j 

MHjSj • number of one-way shopping trips from i to j. 

H; • number of households in zone i. 

Ej • number of retail employees in zone j. 

R ij • straight line distance from i to j .10 

2. POPULATION PARAMETERSs 

(a) Population patterns usually show high con­
centrations near CBD with decrea!ing den­
sity with distance from the CBD. 

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

1. family size 

2. car ownership 

3. income 

4. stage in family life cycle 

s. occupation of head of household 

6. density of neighborhood 
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7. distance from CBo.l 

3. ECONOMIC PARAMETERSs 

(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 £Wn no cars and must rely on public transporta­
tion.• 

As residential density increases, fewer trips per 
family are generated. High-rise apartments have 
shopa, 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-reaidential land.l 

VI - TRIP DISTRIBUTION 

Trjp Distribution Models 

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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T __ (p,q)=t .. (p,q) G·(p) G·(q) Li(p)+L1•(q) 
IJ IJ • I • J • ----'--

2 

where : 

L i(p)= Location factor 

Tij(p,q) • future year trips from zone i to zone j with 
a purpose pat zone i and a purpose q at 
zone j. 

ti ( p) • base year trip ends at zone i for purpose p. 

tij(p,q) • base year trips between zone i and zone j 
with a purpose pat zone i and a purpose a 
at zone j. 

Gj(p} • growth factor for zone i, purpose p. 

B. 9-.~YJ:!'J_~pE,.f,_ 

Gravity Model parallels Newton'• gravitational 
law and" ••••• is based on the asaumption that all 
trips atarting from a given zone are attracted by the 
varioua traffic generators and that thia attraction is 
in direct proportion to the aize of the generator and 
in inverse proportion to the spatial aeparation be­
tween the areaa.•4 

where 

T .. 
IJ 

P · A · f .. K .. 
I J IJ IJ 

n 
E A;FijKij 
j= I 

• trips produced in zone i and attracted to 
zone i. 

Pi • trips produced in zone i. 

Aj • trips attracted to zone j. 
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F· = IJ 

K· · • IJ 

empirically derived travel time factors (one 
factor for each 1-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 

" ••• 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. In 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. 114 

where 

T· • trips originating in zone i with destina­
lJ tion in zone j. 

Qi• trip origins in zone i. 

D • trip destination considered before zone j. 

Dj • trip destinations in zone j. 

L = measure of probability that a random destin­
ation will satisfy the needs of a particular 
trip7 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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e = base of natural logarithms (2.71828) 

D. COMPETING OPPORTUNITY MODELS 

11 
••• 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 opport unities 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." 

where 

T· I J 

Qi 

Pa} 

Paj 

= trips produced in zone i and attracted to 
zone j 

= trip origins in zone i 

= probability of attraction 

= destination available in zone j divided by 
the sum of destinations available in the 
time bands up to and including band m 

Dd 
=--..;;,_-

m 
I: DK 

K=O 

Psj • probability of satisfaction 

1-(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 

m 
I: DK 

K=O 
P5 j=l- n 

I: DK 
K=O 

K =anytime 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 

Dj = destination available in zone j 

Comparison of Models 

ComP.arison of Gravity Model_and_Intervenin~ QEE_ortunit~ 
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 

Gravity Model Advantages_and _Disadvanta<Ies 

Advantag_es: 

l. 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. 

Disadvanta9.es: 

1. 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 

Opeortunity Model 

Advanta~es: 

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. is 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. 

Disadvanta~es: 

1. loss 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? It 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."~ 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: 

l. 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: 

1. Tr~_End Model - allocates a portion of total trip 
person origins and destinations to the alternate 
modes of transportation prior to trip distribution.6 

a. AccessibilitY._Index: measures ease by which ac-
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tivity within a planning area can be reached 
from a particular zone on a specific trans­
portation system. 

n 
Q • - t (A·F··) 

where 
I - . I J IJ 

J= 

O· = I 

AJ = 

f .. 
IJ = 

Fij = 

accessibility index for zone i to all other 
zones (auto or transit) 

attractions in zone j 

travel time friction factor 

1/ (door to door travel time)b 

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.5 

Door-to-Door Travel Time for Highway Network includes: 

1. 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. Walk 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 destinations 
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2. Tr~e_Interchan~e Mode~ - allocates portion of given 
trip movements resufting from trip distribution to 
the alternate transportation modes.6 

a. Travel Time Ratio: ratio of door-to-door trav­
eI time by pubIIc transit divided by door-to­
door travel time by private auto. 

b. Relative Travel Costs: ratio of the out-of­
pocket-traver-cost via transit to the travel 

where 

c. 

cost via auto. 

Travel cost ratio= 

x, = transit fare 

X2 = cost of gasoline 

X3 = cost of oil change 

X4 = parking cost 

X5 = average car occupancy 

Economic Status of Tr!.E_ Maker: the ability to 
own ana mafntafn auto; dependent on family in­
come. 

d. Relative Travel Service: indicator of comfort, 
smoo~hness of rfde, arrival and departure times, 
etc. 

where 

Travel service ratio= 
Xs + X7 +Xe +X9 

X1o+X11 

XG = transfer time between transit vehicle 

X7 = time spent awaiting for transit vehicle 

Xe= walking time to transit vehicle 

X9 = walking time from transit vehicle 

x,o= parking delay at destination 

X11 = 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 tri_p generation. 

l. 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; incl ude 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. 

VII - TRIP ASSIGNMENT 

_/j§§i9..QIJl~O!PJQ<;.~~~ 
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: 

where 

V; = travel time on a link for a given pass 

e = 2.7182 

R1 = ratio of averaged assigned volumes to 
capacity 

Vo = original travel time of link. 8 

There are two general assignment methods: 

1. All-or-Nothinca 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. 112 

2. Diversion_Assi~nrnent: "process of assigning the to­
tal number of trips between two zones to at least 
two paths or routes, according to the relative trav­
el resistance of the paths or routes. 112 

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: 

1. Load proposed system 

2. Determine how loaded network acts 

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

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: 2 

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 f~r 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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t'd 
I 

IV 
I 

IV 
w 

PROGRAM 

UNET Transit Network 

UPATH Transit Path 
Finder 

UPSUM Minimum Path 
Summary 

UFMTR TRIP TABLE/ 
Skim Trees 
Formatter 

UDZFS Dist. to 
zone fare 

UTLD Trip Length 
Distribution 

NETWORK ANALYSIS PROGRAM 

INPUT 

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) 

OUTPUT 

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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UMODE 

UDATR 

UREGRE 

UMCON 

UFMTR 

UMNIP 

DEMAND FORECASTING PROGRAMS 

PROGRAM 

Mode Choice 

Data Reduction 

Regression 

Matrix Con­
version 

INPUT 

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. 

See Network Analysis Program 

Matrix 
Manipulation 

OUTPUT 

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 liriear 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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PROGRAM 

ULOAD Passenger 
Loading 

UPRAS Assignment 

USTOS Station to 
station 
volumes 

PASSENGER LOADING PROGRAMS 

INPUT 

UNET, UPATH, 
UMODE 

ULOAD, UNET 

UPATH, Inter­
zonal trip 
matrix, transit 
modes 

OUTPUT 

Mode to mode transfer summary, non­
transit link volumes, total number of 
trips assigned, file of loaded links 
and transit legs. 

Swmnary 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. 

Passenger flows between selected sta­
tions, access and egress station for 
each zone to zone trip. Useful for 
station design and revenue forecasting. 



VIII- 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 these­
lection of a transportation plan with proposals for 
its implementation, scheduling, and financing."5 

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. 
b. 
c. 
d. 

reduce unemployment 
support cultural and athletic events 
raise general standard of living 
service to senior citizens. 5 

Federal agencies establish certain planning require­
ments for its funded projects. The three "C's" of urban 
transportation planning are: 5 

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 and increasingly aggravated congestion at peak 
hours. 115 

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. promot! 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 irregularity 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-hornogenous 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 

I - 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."l 

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." 2 "Once the 
plan is completed it is adopted by the planning agency. 
The agency usually presents the plan to the joverning 
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. 

II - 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 prog~am is a means 
of coordinating governmental investments." 

Ill - 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. 

TP-3-2 



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 earlyJ 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 transport. 
The need for mass transportation is not denied by the de­
cision making officials in New York City. "Manhattan's 
densely developed central bus i ness district - accessible 
only by river crossings and congested with traffic -
heightens the need for mass transit as the basic method 
of passenger transport . 11 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.6 

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

The decline 
increase alone. 
characteristics. 
ger decline are: 

of ridership is not attributed to the fare 
The life-style has changed the passenger 

Some other causes leading to the passen-

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. 113 

It has been stated regarding federal aid, "The grow­
ing fiscal problems of cities and 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. 116 

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. 7 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. 11 1 In 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. 11 6 

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: 

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

2. raise taxes. 

3. the imposition of specific transit 
charge.6 

"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. 11 6 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.B 
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, o.c. 20590, and signed by 
an authorized representative of the public agency, which: 

1. Describes in as much detail as is cur­
rently available the capital facilities 
or ~quipment 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. 

s. Estimates what portion of the total 
cost of the project can be financed 
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from revenues, identifies the source of 
the revenues, and indicates how such 
financing will be arranged. 

6. 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. 

7. 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. 

8. 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.) 

9. 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.) 

10. 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. 

11. 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 
the systems and labor unions involv­
ed. 

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

12. Includes 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 tJMTA funds that can be disbursed each 
fiscal year during the life of the project.9 

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. 

VII - PROTECTION OF THE ENVIRONMENT 
The Na-tional 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. 

1. 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 include 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.9 

Capital grant facilities are likely to have environ­
mental impacts of the following kinds: 
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1. 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. increases 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. 

11. physical disruption during construc­
tion.9 

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. 11 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. 11 10 

VIII - 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 ofpiblic revenues can 
be lawfully acquired only if it is for a public use. 11 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 ~rop­
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 ana. 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.11 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: 

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

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

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

4. Check in depth consultants references. 

5. Study proposals. 

6. Final selections - negotiations. 

1. Discussion of fee requirements. 

Contract_Requirements_Established: 

1. Services to be furnished the city. 

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

3. Fee schedule - with established maximum 
limits. 

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

5. Term of agreement and completion of 
work. 

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

7. Original documents to be property of 
city. 

8. Non-assignment of agreement. 

9. Identification of individuals in firm 
responsible for contract and termina­
tion clause in event of death or in­
capacity or that of specified employees. 

10. Professional liability insurance. 

11. City construction budget of figures of 
construction is contemplated. 
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12. 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 blinc 
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 dilernna to reconcile pro­
fessional and agency loyalties. 

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 

TP-3-16 



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. 11 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." 5 Another advisable point to follow is that 
11 :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. 115 

XI - 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 

I - 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. 

II - ST AIRS AND ESCALATORS 
1. Inadequate 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 island 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 
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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 6½" 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 11 

than with riser height of 6½". 
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 occµr 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 SPEEDS! 

Horizontal Time-Mean-Speeds 
(Feet Per Minute) 

DOWN DIRECTION UP DIRECTION 
(1) (2) (1) (2) 

Age-29 or under 

Males 

Females 

Age-30 to 50 

Males 

Females 

163 

117 

136 

100 

183 

132 

160 

128 

110 

106 

101 

94 

120 

110 

116 

107 

Group Average 127 153 99 114 

Age-Over 50 

Males 

Females 

112 

93 

118 

111 

85 

77 

81 

89 

Group Average 108 117 83 83 

Average-all ages, sexes 132 152 100. 

(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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Ill - 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. In 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 
siaewalk level and on stairs. Off street enter/exit 
locations are prefe rred. 

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. 2 

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 
sho~ld 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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VII - 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: 

1. 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: 

1. 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.l 

Machines, located in passageways or corriaors, and 
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 used 
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 peuestrians. Level of service standards 
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. 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 
Cate~orI ____ Per Person ___ Vol._(PFM)* __ lation_ Occurrence 

A 35 or greater 7 or less 

B 25 - 35 7 - 10 

C 15 - 25 10 - 15 

D 10 - 15 15 - 20 

E 5 - 10 20 - 25 

F 5 or less Variable 
up to 25 

* Persons per ft. width of walkway 

TABLE 4.02 

Unre­
strict­
ed 

Slight-
ly Re-
strict-
ed 

Re-
strict-
ed 

Severe-
ly Re-
strict-
ed 

Severe-
ly Re-
strict-
ed 

Severe-
ly Re-
strict-
ed 

per minute. 

Plazas, 
Mezzanines 

Transport-
ation 
Terminals 

Transport-
ation 
Terminals 

Not Recom-
mended 

Not Recom-
mended 

Not Recom-
mended 

(Source: Pedestrian Planning and Design, Fruin) 
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LEVEL OF SERVICE STANDARDS FOR STAIRWAYS 

Level of 
Service Avg. Area S.F. Avg. Flow Circu- Places of 
Cate~or~ ____ Per_Person ___ Vol._(PFM)* __ lation_ Occurrence 

A 20 or greater 5 or less Unre- Plazas, 
strict- Mezzanines 
ed 

B 15 - 20 5 - 7 Slight- Transport-
ly Re- ation 
strict- Terminals 
ed 

C 10 - 15 7 - 10 Re- Transport-
strict- ation 
ed Terminals 

D 7 - 10 10 - 13 Severe- Not Recom-
ly Re- mended 
strict-
ed 

E 4 - 7 13 - 17 Severe- Not Recom-
ly Re- mended 
strict-
ed 

F 4 or less Variable Severe- Not Recom-
up to 17 ly Re- mended 

strict-
ed 

* Pedestrians per ft. width of stairway per minute. 

TABLE 4 .03 

(Source: 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 ____ ~acin~, 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 Recorn-
Possi- mended 
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 

maximwn capacity operation during the hours when the 
heaviest volume of people must be moved at optimwn 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 nwnber 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. 

Maximwn 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. Optimwn 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: 

l. 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= . . . . 

h 
where: 

(1) 

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 
CT= --h- • • • • ( 2) 

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. 

1 3600L 
CT= h 

• • • • ( 3) 

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

Cp= 36~0L x PLJ .. (4) 

Cp = p~ C,-

Cp = 2.813C1T (for R-44 Car) .... (5) 
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If we define Cp(s) as capacity of 
seated passengers per hour, then: 

P(s) , 
Cp(s)= -L- X CT 

Cp(1 ) =0.987C'T (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 expressed 
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. 

Where: 

Cpl= Capacity of the line, 
passengers/hour/track 

PH F = Peak-hour factor 
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8 
Id 
I 

V1 
I 
~ 

CAR AND TRAIN LOADING 

r-----------------------------------------------------------------------------------, 
I I 
t NO. OF PASSENGERS PER CAR I 
l I 

'CAR P R A C T I C A L R E A S O N A B L E * D E S I R A B L E I 

:TYPE CRUSH ( 1.6 S.F. /person ( 2.36 S.F. /person) ( 3 S.F. /person) I 
I aoorox.) I 
I 
I I 
I STAND SEAT TOTAL STAND SEAT TOTAL STAND SEAT TOTAL I 
I I 
I 

I 
iR-44 A 350 200 72 272 135 72 207 109 72 181 
I 
1 R-44 B 350 204 76 280 139 76 215 113 76 189 I . 
I 
I R-42 300 174 46 220 111 46 157 91 46 137 
I 
I 
I R-40 A/C 
I 

300 174 46 220 118 46 164 97 46 143 

I R-38 I 300 170 50 220 120 50 170 99 50 149 
I 
1R-16 ** 
I 

300 166 54 220 116 54 170 103 54 157 
L _________ 

------ ------ ----- ------ ----- ----- ---------- ------- ------ ________ J 

R-44 

R-42 

R-40 A/C 

R-38 

R-16 ** 

2800 

3000 

3000 

3000 

3000 

NO. OF PASSENGERS PER TRAIN, 

2208 I 1096 

2200 I 1110 

2200 I 1180 

2200 I 1200 

2200 I 1160 

5921 1688 

4601 1570 

4601 1640 

5001 1700 

5401 1700 

-----------------------7 
1480 • 

1370 

1430 

1490 

1570 
l ___ ______ • ______ L ___________________ • _____ L _____ L __________ • _______________________ J 
* Based on actual layout of 1.5' x 2.0' ellipse - TA Standard 
** has transverse seating. 
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STANDING ROOM AVAILABLE IN VARIOUS CAR SERIES 

R-44 (A Unit) ---------------
Long. 
Trans. 
Wells 

~:.ii ___ (B _Unit) 

"A" Unit 
Cab Area 

R-42 

Long. 
Adj. to Cabs 
Wells 

R-40 

Long. 
Adj. to Cabs 
Wells 

R-38 

Long. 
. Adj. to Cabs 

Wells 

4(3.5 X 13) 
3(5.0 X 3) 
8(4.2 X 3) 

= 182 S.F. 
= 45 
= 101 

Total = !2°8 S. F. 

= 328 S.F. 
3 X 4 = 12 

Total = 340 S.F. 

3.2 X 48 = 
2(2.5 X 3.3) = 
8(4.2 X 3) = 

Total = 

3.7 X 48.8 = 
2(3.2 X 3) = 
8(4.2 X 2.7) = 

Total = 

3.7 X 50.2 = 
2(3.l x 3.2) = 
8(3.8 X 3) = 

Total = 

155 S.F. 
17 

101 
273 S.F. 

180 S.F. 
19 
91 

2g-O S.F. 

186 S.F. 
20 
91 

291 S.F. 

R-16 (Transverse Seats) 

Long. 
Portion of Trans. 
Adj. to Cabs 
Wells 

4 X 50.2 = 
3(0.3 X 4.8) = 
2(3.l X 3.5) = 
8(4.2 X 2.7) = 

Total = 

TABLE 5.02 
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Number_of_Cars_in_Route oeeration 

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

60 nt I 
N =----

Where: VH 

N = number of cars required for new 
route operation in peak-hour, for 
constant headway, without lay-up. 

n = 

t = 

= 

V = 

H = 

number of cars per train. 

number of tracks operated at the 
same headway. 

length of the line in route miles. 

average speed in mph. 

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. 

II - 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 
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in the event of delays to service. 

3. Zero 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. 

Ill - 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 b 

2. time consumed by station stop, dwell 
time or standing time, ts 
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3. time consumed during acceleration, ta 

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, ts 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. 

Theoretical_Headway with_No_Station_St<2E_ 

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 be seen from the figure that the distar.ce 
between trains varies with their position in the "Block." 

The distance between trains must provide not only 
for braking distance but also for the distance the fol­
lowing train would travel during a Reaction Time. The 
Reaction Time, t,, 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,d a' and train velocity 
can be represented as 

d 

Where: 
s 

v2 > = l.467{Vtr + 2 b 

V = speed in MPH, and 

b = rate of deceleration in MPHPS. 

(1) 

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 
iaeal conditions. No margin for error or safety factor 
is provi~ed. However, a system safety of 35%, to ac­
count for variations in adhesion and equipment perform­
ance, should be provided. 
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The distance in feet between trains can now b~ rep­
resented as: 

D 1 =1.35d 8 

Ds = 1.35 ((1.467) (Vt,+ i: )) .... (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 Ds we have the sep-

t • ' ara ion, 

S=Ds+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: 

h= S 
1.467V 

1.35 ((l.467)(Vt, + ~: )) +L 
h=--------------

1.467V 

h = l.35tr + 1.35 2~ + I. 4~7V • • • • ( 3) 

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

• V = 
• • C 

2bl 
1.35 X I. 467 

= ~ I.Olbl • • • • ( 4) 

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. 
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Theoretical Headway with Station St~ 

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 #1 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 

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

db = distance travelled during 
braking for station stop, feet 

ta = time to travel distance,, seconds 

tb = time to travel distance, seconds 

t 9 = duration of station stop= 20 seconds 

Vp = peak velocity where acceleration 
ends and braking begins, MPH 

Headway in seconds can be represented by: 

(5) 
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and 

• ta= Jt tb • • a 

I 2 da= 
2 

(1.467) at 0 
• t = •• a 

Similarly, tb : 

and L = da + db 

1.467 ( 2 2) = 
2 

at a + bt·b 

2d 0 

(1.467) a 

1.467 ( J! 2 2 2) = 2 . a ( a ) tb + bt b 

= l.~67 tb2 ( ~2 +bJ 

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

Therefore: 

2al 
1.467b (a+ b) 

Similarly, 

2bl 
1.467a (a+ b) 

• • • • ( 6) 

• • • • ( 7) 

for a= 2.5 MPHPS, b = 3.0 MPHPS, and L=600 H. 

t0 = 13 .4 Secs. and tb = 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 ~econd station stop. 
From Figure 5.04, the maximum speed attained by Train 
Number 2 before it starts to decelerate is approximately 
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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. 

Practical Minimurn_Headwai_considerations 

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: 

1. 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 toe­
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. 
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Practical Minimwn_Headway_and Maximum C~acitY. 

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: 

S ~ 1.467V
2 

2b 
+L • • • • ( 8) 

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

d0 = distance travelled during accel­
eration. 

db = distance travelled during brak-
ing. 

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

• • • • ( 9) 

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

d - 1.467V 2 L d d 
C - 2b + - a- b . . . • ( l O) 

And it has been shown that the distance travelled 
in accelerating and braking is: 

da = 
l.467V 2 

2a 
and 

1.467V 2 
db=-----

2b 

Substituting in (10) the distance travelled at the 
constant velocity: 

d v2 v2 v2 
c = (1467)( - - - - - ) + L • 2 b 2a 2b 
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Simplifying: 

1.467V 2 

2a 
. . ( 11} 

The time consumed while traveling at the station 
approach velocity is: 

d 
t : C 

c 1.467V 
and substituting: 

t = L 
c 1.467V 

- ..:i_ 
2a 

. . ( 12} 

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

Where: 

h 5 =t 0 +tb+t 5 = ~ + ~ +t 8 

Therefore: h = Y + Y + t + L __ V_ 
a b 5 1.467V 2 a 

Combining terms and rearranging: 

h = _y_ + _y_ + L + t
8 2a b 1.467V 

(13) 

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

~=-1 +-' - L +o-o 
d v 2 a b 1.467V 2 -

• 2 - L 
•• V - 1.4 6 7 

F =Vc,iticol • 

2ab 
(2a +b) 

2 ab I 
I. 46 7 ( 2 a + 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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5 

10 

15 

20 

25 

30 

35 

40 

45 

so 

55 

60 

70 

VELOCITY VS. CAPACITY 

WITH 20 SEC. STA. STOP 

( R-44 CAR) 

h h c' T 
(L=600) (L=450) (L=600) 

------- ------- -------
104.3 84.07 20,710 

66.3 56.03 32,579 

55.3 48.5 39,060 

51.17 46.07 42,212 

49.73 45.6 43,435 

49.9 46.45 43,287 

51.87 48.87 41,643 

54.9 52.4 39,344 

60.1 57.84 35,940 

67.34 65.29 32,076 

78.48 76.63 27,523 

96.51 94.8 22,381 

156.27 154.82 13,822 

C
1
T = 3600 L/h 

TABLE 5.03 
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C'r 
(L=450) 

-------
19,270 

28,913 

33,402 

35,164 

35,526 

34,876 

33,149 

30,916 

28,008 

24,812 

21,140 

17,088 

10,464 

--- - -------------



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. 

Practical Headwav._in a Practical_System 

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: 

1. 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 two 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: 

Where: 

Ft 
Ka= -

Fn 

Ka= coefficient of adhesion. 

Ft= tangential force developed at 
wheel slippage. 

F = normal force. n 

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

ate a 
plied 
(b) . 

Fn = W 

and 

The force that is required to accelerate or deceler­
train is given by the mass of the train (m) multi­
by the rate of acceleration (a) or deceleration 
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 =Ft 

and substituting: 

mb= Ka W 

The mass of train is equal to the weight of the 
train divided by the acceleration due to gravity, Q = 32.2 
feet per second. 

m= W 
g 
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w 
Therefore: g b= Ka W 

Which reduces to: Ka=~ = '-t118 = 0.04558 

And 8 = 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. In 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 rai! conditions taken from test 
data on the Pennsylvania Railroad. 

A coefficient of adhesion 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 adhesion coefficient of 13.7% corre­
sponds to a deceleration rate of 3.0 MPHPS. 

V - BRAKING DIST ANGE 
The followinq equation 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. 

o. 733V 2 . . . . (l) 
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: 

Where: 

d·= .733 (v•2-(Vi-S)2) .... (2) 
I Ba , 

d· = I distance traveled in deceler­
ating from velocity Vi to a 
velocity 5 MPH less. 

arithmetical average of the 
instantaneous deceleration 
rates at velocities Vi and Vj-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. 

t = .Y... 
B 

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

The time, tj, consumed in decelerating from veloc­
ities greater than 40 MPH is calculated by using the 
same increments used for calculation of distance, Di· 
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BRAKING DISTANCE AND TIMES FOR SPEEDS OVER 40 MPH 

Velocity Range Average Distance Time 

Traveled Through Deceleration Rate 
di' ti ' 

Ba, in feet in sec. 
Vi MPH toVi-5MPH 

in MPHPS 

70 to 65 2.52 197 1. 98 

65 to 60 2.61 176 1.92 

60 to 55 2.69 157 1.86 

55 to 50 2.78 138 1.79 

50 to 45 2.89 121 1.74 

45 to 40 2.96 105 1.68 
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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: 

Where: 

Dr 

V 

t r 

= 

= 

= 

Dr =1.467 Vtr 

distance traveled during re­
sponse time, in feet. 

velocity, in miles per hour. 

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 upgrades 
decrease braking distance. The braking distance, dis­
tance traveled with brakes applied, is given by: 

· Where: 

V = 

G = 

ov 2 
D -------

b- V2 +300(± G) 

braking distance, in feet. 

braking distance on tangent 
level track , in 

( 3) 

feet, excluding distance trav­
eled during response time. 

velocity, in mph. 

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 graoe but only of velocity during the re­
sponse time. That is, a train traveling at a velocity 
of V1 mph on level tangent track will travel the same dis­
tance in seconGs, during response time, as a train 
traveling at V1 mph on a :t 2% grade. This is true be­
cause the tractive effort produced by the propulsion sys­
tem with speea regulation control can compensate for 
force changes due to grades and maintain a constant ve­
locity. 

Grade compensations, therefore, are not applie~ to 
the measured braking distance but rather to tl:e r:ieasured 
total distance minus the distance traveled during t he 
response time: 

l'lhere: 

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

Therefore:
2 V (Dt -l.467Vtr) 

D ---------------
b -v2 +30(Dt -l.467Vtr)(-!-G) • • • <4> 

The total distance to stop en a grade, Dr, is that 
given by Db plus the distance traveleci during the sys­
tem response time. Therefore, the general equation for 
brakinq distance on a qrad e is: 

V2(Dt -l.467Vtr> 
Dr= V2+30(¼G)(Dt-l.467Vtrl +l.4 G7Vtr • • 

If tr= 4 seconds, (5) becom~s: 

( 5) 

V 2 (Dt -5. 867V) 
Dr=----------+ 5.867V .... . (6) 

v2+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 

adhesion capabilities of the wheel to rail system. Oth­
er factors which affect the desired acceleration charac­
teristics ~fa rapid transit train are: 

1. passenger comfort. 

2. traction motor. 

3. power demand and consumption. 

Passen~er Comfort 

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 
charact€ristic which results in decreased acceleration 
with increasing speed. The traction motor curves, Figure 
5.09, for the Westinghouse 1447 traction 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 fiela 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 system. 
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 17 50 RPM the fielcl. 
is fully weakened to 28% of full field strength and the 
performance curve follows the inherent speed-torque char­
acteristics. 
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Negative and Positive Grade Braking Distances Calculated from ( 6) 

PER CENT GRADE --------------
Velocity -5 -4 -3 -2 -1 0 +l +2 +3 +4 +5 
- - --- - -- ---- .. 

5 38 37 37 36 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 I I 522 487 458 434 413 396 381 368 356 346 337 
1-3 
'ti 
I 

u, I 35 11 676 627 588 555 528 504 484 466 450 436 424 
I 

w 

I 
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 11 1272 1169 1086 1017 959 910 867 830 798 769 743 

55 II 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 11 2526 2283 2092 1934 1805 1695 1601 1521 1450 1388 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
swning 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_Dernand_and_Consum.....E.tion 

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 5.11 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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VII - RESIST ANGE 
The main impeding forces acting on a moving train 

are: 

1. curve r e sistance 

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 d egree of curvature: 

Where: 

Tc =.8D= .8X 5730 
radius 

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 
upgrade. 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 

Train Resistance 

+ for upgrade 

for downgrade 

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. 

Where: 

TR = tractive effort ( level-tangent) 
necessary to overcome the car 
bearing (TceF), rolling fric­
tion(TcR~, and wind resistance 

(TcwF), lbs. per ton. 
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Where: 

tractive effort required to over­
come resistance of lead car, lbs. 
per ton. 

T CBF + TCRF + TCWF 
I 

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

29 
TceF = ( 1.3 + w > 

TcRF =0.045V 

TcwF = 0.0024 AV
2 

I WNn 

T 0.00034 AV 2 
CWF 2 = ------

A = 

N = 

n = 

V = 

w = 

Therefore: 

W N n 

area in square feet of cross-sec­
tion of car body and trucks. 

number of cars per train. 

number of axles per car. 

velocity in mph. 

average load per axle, tons. 

TR= (1.3+ 2W9) + 0.045V+ 0.0024 AV2 
Wn 

+ ( N-1) ((1.3+ ~ l +0.045V + 
0

-
00

~:
4 

AV
2 j 

=N (<1.3+2:)+0.045v)+ ( 0.0024+~"-I) 0-00034 )Av2 

R= TNR +(1. 3 +2W9)+0.04 SV+ (0 -0024+(N-1)0.00034)AV2 
NWn 
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Where: 

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

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

VIII - 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 speed-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 ~urves 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 desiqn 
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= 0.0ITm 

Tn=Tm-(TR+Tc )±Tg 

t . - V2-V1 
I -

Oj 

Where: 

a= 

Tc = 

Tg = 

v1 and V2 = 

t · = I 

acceleration rate at a partic­
ular speed, MPHPS. 

net tractive effort, pounds per ton. 

gross tractive effort, at any speed, 
developed by motor, pounds per ton. 

opposing tractive effort or 
Train Resistance, pounds per ton. 

opposing tractive effort of 
curves, pounds per ton. 

tractive effort of grades, 
pounds per ton. 

any two speeds, MPH 

time required for the incre-
ment of speed from v1 to v2 seconds. 

JI 
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a,= 

distance, fett, traversed 
during this interval of time. 

average rate of acceleration 
during this interval, MPHPS. 

In determining ai during any interval of speed, the 
value Tn used must be the average of Tn 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-V1 ), 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 

. . . . ( 1) 

Where: 

F = centrifugal force, (pounds) 

W = weight of the car, (pounds) 

R = radius of curve, (ft.) 

g = acceleration due to gravity 
(32.2 ft/sec2) 
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Balanced_Su~er-Elevation 

For balanced super-elevation eb, the centrifugal 
force must be resisted entirely by the component of the 
weight parallel to the plane of super-elevation. 

w 1bC::::=========-­
ga ug e 

Rearranging, 
eb w 

F -,- gauge 

for balanced super-elevation, 

• • • • ( 2) 

substituting and solving for eb 

8 b = V2 X gauge 
R O 

applying the appropriate values, 

8 b: 3.7745 VR
2 

Where: 

• • • • ( 3) 

balanced super-elevation in 
inches. 

V = velocity in mph. 

Unbalanced_SuEer-Elevation 

For unbalanced super-elevation,eunb' a centrifugal 
force equal to three (3) pounds per hunared (100) pounds 
of passenger-weight (w) is allowed to act on the rider. 
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Rearranging: 

w v 2 
F1 = --- :a 3 

g R 

v2 

R 
= 

3g 

w 

v2 gauge 
eunb =RX g 

Rearranging: 

v2 
R 

= 
• ll'tb X g 
gauge 

Equating (4) and (5) 

3Xgauge 
•unb = ----­

W 

• • • • ( 4) 

• • . • ( 5) 

3 X 56. 5 
•unb = -----= 1.7 in. 

100 

Relationship between Balanced 
and_Unbalanced_sueer-elevation 

v2 
eb= 3.7745 R 

Assume maximum balanced super-elevation of 6.5 inches 

Assume maximum unbalanced super-elevation of 1.7 inches 

Therefore: 

:. •b = 6 .5 in. 

•unb = 1.7 + 6.5 = 8 .2 in . 

•unb 8 2 
-- = 6:5 = 1.26 

'b 
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Vunb = I. 12Vb 

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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Under this systems overhaul program, much of the 
work can be scheduled at the home inspection barn, or at 
some other barn, where car space is available, reducing 
some of the work-load of the base shops. 

Examination of a list of components requiring 
charge out on a three year and six year basis will in­
dicate that these items have a great effect on service 
reliability. Typically, some of these items are: 

traction motors, 

compressor motors, 

propulsion control relays, 

air brake operating unit valves, etc. 

Therefore, it is important to overhaul car system 
components before failures occur. A system overhaul pro­
gram, properly designed, is one which schedules system 
component change-out so that maximum service life is ob­
tained without reducing reliability. 

For overhaul purposes, the subway car can be con­
sidered to have the following systems and major components: 

1. Trucks 

2. Carbody 

3. Propulsion 

4. Rotating Equipment 

5. Door Control and Signal 

6. Car Lighting 

7. Heat and Ventilation 

8. Air-Conditioning 

9. Auxiliary Circuits 

10. Air Brake 

The major components of a subway car are shown in 
Figure 5.19. 
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Re~uirements 

In planning for a car maintenance repair facility, 
first it is necessary to determine the number of cars to 
be accommodated. 

The following track requirements are based on a 
single shift operation. A work month consists of 20 
(8-hour daily} work days, and a work week consists of 
5 work days, and a work year consists of 240 work days. 

!n!.E.e~~~on 

Car inspection is performed on a six week cycle, 
with each inspection lasting 8 hours (1 work day.) 

• #inspections per work day 

#inseections It k 1 d 
fcars/€rain/traclr • rac 8 requ re 

Renovation 

Interior cleaning and renovation are also performed 
on a six week cycle. The number of tracks required will 
be the same as for inspection. A platform, level with 
the car door sill, is required between adjacent tracks. 

Exterior_Car_Cleanin~ 

Car-washing is performed on a two week cycle. A 
single track is required and should be located such that 
cars can pass through it before going to storage. 

Wheel Truin~ 

Wheel truing is performed on an 18 month cycle. 

18 months x 20 work days/mo. = 360 work days. 

tears x 4 pairs of wheels/cars= #pairs of wheels. 

= #pairs per day. 

Overhaul _Pro~rams 

For preventive maintenance programs and periodic re­
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placement of car units, a section of the shop will be re­
quired for the detrucking and heavy repair of subway cars. 
Facilities should be provided for the refurbishing of car 
wheels, motors, compressors, air-conditioning units and 
the repair and replacement of air brake and electric 
units. 

De truck in~ 

Trucks are changed on a 6 year cycle. The truck 
changing operation is accomplished by a mechanical eleva­
ting table located in the center of the shop to permit a 
full train in the shop for stripping and reconnecting the 
trucks. 

Wheels 

Provision should be provided for a wheel shop cap­
able of handling wheel refurbishing on a 6 year cycle. 

Motors 

Facilities should be provided for changing and over­
hauling motors on a 6 year cycle. 

Air-Conditioning Equipment 
and Air_Comeressors ______ _ 

A service area for the combined servicing of air­
conditioning and air compressor units should be capable of 
providing service for the entire fleet of cars on a 3 year 
cycle. 

Miscellaneous 

Service tracks for the removal and replacement of 
major components, repair of damaged and electrically de­
fective cars should be incorporated in the major repair 
area. Additional main repair tracks and unscheduled re­
pair tracks should be provided in the heavy overhaul and 
repair area to cover emergency conditions. 

The maintenance facility areas required should be 
structured to meet production goals. 

Also, it is necessary to provide trackage for work 
trains, miscellaneous equipment and yard maneuvers, and 
other operations not covered in this report. 
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XI- POWER SUPPLY 
The electrical energy for power, supplied to the New 

York City Transit System, is purchased from the public 
utilities in the areas involved. The Consolidated Edison 
Co. (Edison) furnishes the major portion of this energy 
with the Long Island Lighting Co. (LILCO) furnishing that 
used on the Rockaway Peninsula. 

The bulk of the Edison high tension AC energy is 
supplied in two categories. That which is supplied at 
the three former city-owned power plants and transmitted 
over Transit Authority cables to our substations is call­
ed "Plant Delivery." High tension energy supplied di­
rectly to our substations over Edison cables is called 
"Substation Delivery." The remainder of the Edison ener­
gy is delivered directly to individual service points. 
The LILCO energy is supplied directly to substations and 
service points over its cables. 

The "Substation Delivery" nominal voltage in Man­
hattan and The Bronx is 13,200 volts, and in Brooklyn and 
Queens it is 26,400 volts. 

The high tension AC energy received at the sub-sta­
tions is converted to 625 volts DC and delivered through 
circuit breakers and cables for the operation of trains. 

Power_for Train_Oeeration 

In comparing power requirements for the car, the 
consumption, demand and cost of operation of the car are 
considered. 

To determine the power required for the operation 
of the car, propulsion motor information furnishec by the 
various manufacturers is compared with present system ex­
perience. Based on this information, estimates of power 
consumption and demand required for the various proposals 
are calculated. 

1. Traction 

The information furnished by the 
propulsion suppliers is used to esti­
mate the various traction motor pro­
posals and compare them with present 
equipment. 
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2. Car Auxiliaries 

In estimating the average power 
consumed by the present car auxili­
aries (lights, compressors, motor­
generator sets, etc.), assumptions 
are made as to the number of hours 
the units operate and the average 
number of miles the cars travel per 
day. This .is translated into kilo­
watt hours per car mile for these 
auxiliaries. However, to arrive at 
a composite experience figure for 
all types of cars, a further assump­
tion is made regarding the married 
pairs and the single unit cars. The 
married pairs (R27 to R38) with one 
motor-generator set and one compres­
sor per pair are pro-rated with the 
single units (RlO to Rl6) with a mo­
tor-generator set and compressor per 
car. This accounts for the somewhat 
lower consumption (6.8 KWH/TM) for 
the R40 and R42 cars compared to the 
RlO to R38 Division 'B' cars 
(8.0 KWH/TM.) Power consumption is 
increased proportionately for the 75 
foot car. 

3. Car Heat 

To estimate the power consumed 
by car heating, it is assumed that 
one point of heat (4 KW) is used for 
four months, 24 hours per day. This 
power is then averaged over the full 
year. 

4. Air-Conditionin~ 

The estimate for power consumed 
for car air-conditioning is based on 
the following assumptions and averag­
ed over the year: 

1. Cars operated 12 hours per day 
with air-conditioning equipment in 
service. 

TP-5-59 



2. Theequipment would be operating: 

a. 63% of the time it is in 
service during June, July, 
August and September. 

b. 30% of the time during April, 
May, October and November. 

3. 45 KW per car is used in the cal­
culations for air-conditioning and re­
heat. 

Power Demand 

System design cr.±terion for the averaged power de­
mand established for the IND Rl to R9 cars is 100 Kilo­
watts (KW) per car, or 1000 KW for a 600 foot train. 
This standard includes power for traction, car auxili­
aries and heat. Requirements for substation capacity are 
based on ten car trains operating at maximum capacity on 
all tracks at an average speed of 18 mph. The Rl0 to R38 
cars have operated satisfactorily with this design and 
subsequent upgrading. The kilowatt hours per train mile 
for these cars average 66.4. 

Average power consumption for the various cars is 
shown in Table 5.05. 

Using this data for the ratio to estimate the prob­
able increase necessary to operate the proposed cars and 
adding 45 KW per car for air-conditioning, the following 
proposition is established. 

Rl0 to R38 car train operating power is to Rl0 to 
R38 car train power demand as future train operating 
power is to future train power demand (x). 

Power_Cost_for_Train_QE_eration 

To determine the approximate cost of power to oper­
ate a 600 foot train for one year, assume a car or train 
operates 60,000 miles per year. Using the cost of a DC 
:KWH, the cost per KWH is established. Power cost for lo­
cal operation is nearly twice the power cost for express 
operation. 

Power for New Lines 

The concept of diversi.,fying the conversion units in 
smaller substations rather than concentrating many units 
in a single, large, centrally located substation should 
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AVERAGE POWER CONSUMPTION 

KWH PER TRAIN Ml LE 

DESIGNATION RI0-38 R 42 R 44 

Motor GE-1240 W-1447C W-1447D 
' W-1447 

Gear Ratio 7.235:1 7.235:1 5.087:1 

Maximum Speed - MPH 

Acceleration Rote - MPHPS 

Number of Cars - 600 Ft. Train 

AVER. POWER-600Ft. Train- KWH/TM 

TRACTION 

AUXILLIARIES 

HEAT 

AIR - CONDITIONING 

AVERAGE POWER - KWH/ TM* 

KWH / CM 

50 

2.5 

10 

56.5 

8.0 

1.9 

50 

2.5 

10 

56.5 

6.8 

I. 9 

9.8 

69.4 

6.94 

* 1/2 Mile Station Spacing - Crush Load 

TABLE 5.05 
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be utilized because of its many advantages. 

This concept provides for the supply of power at 
frequent intervals along the rails of the subway. Ef­
ficiency is, therefore, increased since blocks of power 
required by the trains are moved a shorter distance. 
The possibility of electrical corrosion (electrolysis) 
on underground structures due to stray return currents 
from the running rails is minimized because of shorter 
return paths. It eliminates the large concentration of 
power in one substation and makes possible a deployment 
of power supply that has the distinct benefit of relia­
bility in that a substation failure affects a smaller . 
section of the system. 

The power system should be designed to ensure 
safe, efficient and continuous operation of the rapid 
transit system. Design should be coordinated with the 
requirements of the power company providing primary and 
auxiliary power to the substations and auxiliary power 
to buildings, shops, stations and wayside locations. 

Special (allocated) high tension feeders should be 
assigned to furnish sufficient power to provide minimum 
operating service (trains operating at series speed) in 
the event of a serious disturbance on the Edison system 
which would cause a failure of the normal supply. These 
feeders should have two sources of supply from bulk dis­
tribution points, normally operating from one source, with 
no connected network load. In the event of a power shut­
down, these feeders should be available for service to the 
transit system immediately after the restoration of power 
at one of the supply points. 

Direct current traction power should be provided by 
rectifier substations with a rated voltage ouput of 625 
volts at 100 percent load. 

The nominal third rail potential shall be 600 volts 
with a maximum of 675 volts and a minimum of 450 volts. 
Under abnormal operating conditions, a rail voltage of 425 
volts can be tolerated. 

The negative rail potential difference should be 
limited to twelve volts maximum in any substation zone 
on land and eight volts maximum in under river tunnels. 

Substations 

The location and capacity of traction power sub-sta­
tions is based on supplying power to trains as deman6ea 
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by the operating schedule during maximum traffic periods 
within the limits of permissible voltage drops. A sched­
ule speed of 30 miles per hour is assumed, which is de­
pendent on station spacing. 

The system should be capable of supplying power for 
normal train service with a loss of the two largest units 
in a sub-station or zone. The two hour rating of silicon 
rectifiers (150 percent of full load) should be used in 
computing for the second contingency, i.e., the loss of 
the second unit. 

Routes or lines should be 
sub-stations where possible so 
one will not affect the other. 
convenience and economics prove 
arrangements should be provided 
line or lines in emergencies. 

supplied from separa.te 
that a power disturbance on 

However, where location, 
it applicable, switching 
for supplying an adjacent 

Generally, on a four track route, sub-stations shall 
consist of two 3000 or 4000 KW silicon rectifier units 
with associated switchgear and equipment. On a two track 
route, the substation may house only one 3000 or 4000 KW 
unit and its required accessories. 

by: 
Specific location of the substation will be governed 

a. availability of property, 

b. subsurface conditions, 

c. location and size of buried 
utilities. 

The power system should be designed with a view on 
reducing corrosion by electrolysis to a minimum. Sub­
stations properly spaced and located close to the right of 
way, with resultant short feeders, will keep the voltage 
of the rail system low and reduce the likelihood of cur­
rent leakage to the soil. This return system, represented 
by the negative rail or rails, should have a low resist­
ance to the return current and a high resistance between 
the rails and earth to impede the flow of stray current to 
the earth. When the distance between the feeder breakers 
and the third rail connections is more than 200 feet, 
track breakers housed in a circuit breaker house adjacent 
to, or within the confines of the subway, or aerial 
structure, should be provided. 
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Substations should be as close to passenger stations 
as possible to be near their source of maximum load 
(starting of trains.) Where economically feasible, sub­
stations may be placed within the confines of a passenger 
station, preferably on the mezzanine level. Underground 
substations should have a subway entrance and an access 
from the street. The street access should have suffici­
ent clearance for handling all substation equipment. 

Substations are normally unattended. A conversion 
unit is provided with control and protective system to: 

a. perform the necessary operations, in 
correct sequence, for starting and 
connecting the unit to its load and 
shutting down and disconnecting the 
unit. 

b. protect the unit against damage 
caused by operating under faulty con­
ditions. 

On main line tracks, there should be at least three 
separate sources of power for each third rail section. 
The feeds should be of sufficient capacity to be capable 
of supplying power for normal service with any one feed 
out of service. 

The rectifier shall be designed for forced air 
cooling with filters in the air intake. The cooling 
fans or blowers should be designed for a low noise level. 
In a surface substation, the rectifier should be cooled 
by substation air at all times. In a subsurface substa­
tion, the rectifier should be cooled by substation air 
until the ambient air temperature rises above a set val­
ue. Then, automatically, the air shall be recirculated 
within the unit and cooled by an air to water heat ex­
changer. 

Feeder breakers should be housed in a separate com­
partment which shall be at a higher level than the sub­
station drainage level. This is to prevent flood water 
from damaging the circuit breakers and thus interfering 
with train service. 

Substations below sewer level should be equipped 
with automatically-operated pumps and a sewerage ejector 
system, both of sufficient capacity to discharge cooling 
water and waste to the sewers. A high water alarm should 
be provided to detect high level of water in the sump so 
that indication may be transmitted over the supervisory 
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control to the controlling location. 

Underground substations should be equipped with a 
motor-driven exhaust ran capable or exhausting 10,000 
cubic feet of air per minute through the hatchway to 
the street above. 

In a separate compartment of the substation, a 
toilet, lavatory and slop sink should be provided. This 
room should be large enough to accommodate six (6) lock­
ers and a bench. It should be equipped with thermostat­
ically controlled electric space heaters and electric 
hot water heater. 

A.C. power electrical systems required to serve the 
lighting and auxiliary electrical and mechanical equipment 
throughout the new transit lines include: 

1. Lighting 

2. Heating 

3. Ventilating 

4. Air-Conditioning 

5. Escalators 

6. Fare Collection 

7. Communications 

8. Train Control 

9. Emergency Power 

10. Television 

11. Public Address 

12. Illuminated Signs 

13. Clocks 

14. Alarms 

15. Power for Concessions 
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Auxiliary Electrical Systems (Cont'd) 

16. Drainage Pumping 

17. Ejectors 

18. Elevators 

19. Snow Melting Apparatus 

Each station should have two (2) A.C. power 
distribution rooms. The normal Electrical Distribution 
Room (E.D.R.) should be located adjacent to the air­
conditioning chiller room on the mezzanine. The reserve 
E.D.R. should be located on the platform level. These 
rooms are to feed all electric power for the stations, 
and for tunnel lighting up to the next station on the 
line. In addition to the normal and reserve E.D.R., a 
panel room should be provided at the opposite end or the 
mezzanine from the normal E.D.R., and in the event or 
side platforms, a panel room should be located on the 
platform directly across from the reserve E.D.R. 

Each ran chamber shall have one (1) A.C. power 
distribution room. This room should be located near the 
ran control room and it will reed all electric power for 
the ran chamber, except for lighting which will be fed 
from the tunnel lighting circuits. 

Each under-river or deep-tunnel fan chamber shall 
have two (2) A.C. power distribution rooms. The normal 
E.D.R. should be located near the fan control room, and 
the reserve E.D.R. adjacent to the normal E.D.R. These 
rooms will reed all electric power for the fan chamber. 

A.C. power distribution rooms should be the supply 
center for all electrical power, with the exception or 
propulsion power. They should contain main breakers, 
safety switches, ruses, metering equipment, transformers, 
and any other equipment necessary for the distribution of 
A.C. power. Allowance should be made for future system 
growth by providing all A.C. power service facilities 
with the capacity to handle a 50% increase over the 
calculated installation load. 
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Edison power 1s to be brought into the normal E.D.R. 
at 208/120 volts, 3 phase, 4 wire, 60 hertz, and trans­
formed to the utilization voltage or 480/277 volts. 
Medium voltage power, from a T.A. substation, is to be 
brought into the reserve E.D.R. through an allocated 
feeder, and transformed, where required, to the 
utilization voltage or q80/277 volts. 

This power will be used for signals, lighting, 
ventilation, and other vital equipment in the event of 
failure or the normal Edison power. The transfer of power 
sources will be accomplished by means of an automatic 
transfer switch. 

Also, in the event or failure or all electrical power, 
partial lighting is to be provided by rechargeable 
emergency battery packs, which will be an integral part of 
selected lighting fixtures. 

A central air-conditioning facility should be located 
at each new station to supply its air-conditioning needs, 
including the air-conditioning or concessions. A survey 
should be made as to the probable number and size or all 
concessions to be located at a station. The air­
conditioning facility shall be large enough to handle 
anticipated requirements and a 25% allowance for growth. 

The central facility shall have the ability to supply 
air-conditioning for all enclosures including the 
following: 

1. towers and supervisory quarters 

2. crew rooms 

3. concessions 

4. toilets 

5. mezzanines 

6. platforms 
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Chapter 6 
PRELIMINARY ENGINEERING 

I - PRELIMINARY ENGINEERING STUDIES 

Preliminary engineering (feasibility) studies deter-
mine the physical and economic feasibility of a project. 

Two types of feasibility studies are prepared: 

l. System Expansion 

2. System Improvement 

System expansion studies deal with future subway 
lines. They involve the conceptualization of a new route 
and its various alternatives and its relationship to the 
existing system. 

System improvement studies deal with the moderniza­
tion and alteration of existing lines. They involve 
track realignment, elimination of operational bottlenecks, 
modification of "A" division lines for "B" division oper­
ation, platform extensions, upgrading of station facili­
ties (installation of escalators, widening of stairways, 
etc.) and many other modernizations which improve the 
level of service. 

These studies initiate from the Planning Division 
and many sources including: 

a) Departments and Divisions within 
the N.Y.C.T.A. 

b) City, state and federal transport­
ation agencies 

c) Other governmental agencies 

d) Privately sponsored transporta­
tion groups and associations 

e) Civic groups and individuals 

The results of preliminary engineering studies define 
the scope of the project. They determine the number of 
tracks required, their basic alignment, the profile of 
their base of rail and the limits of the construction or 
reconstruction work required. The results of the study 
should minimize interference with existing transit oper­
ations, indicate any construction difficulties that might 
arise and prepare a sequence of construction, if necessary. 
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II - SOURCES OF INFORMATION 
Preliminary engineering studies must observe the 

standards set by the various departments and divisions 
of the N.Y.C.T.A. 

The following is a list of information supplied by 
each department or division with relation to prelimin­
ary engineering studies: 

D~artment_or Division 

Car Maintenance Department 

Civil Engineering and 
Architectural Division 

Concessions and Real 
Estate Division 

Construction Division 

Equipment Division 

Industrial Engineering 
Bureau 

Legal Department 

Maintenance of Way 
Department 

New Car Engineering 
Department 

Information 

provides requirements for 
car maintenance facilities 
on line and in yards 

provides structural, arch­
itectural, hydraulic, track 
and yard standards 

assists in site selection 

advice on construction 
methods 

provides requirements for 
lighting, electrical and 
mechanical equipment 

provides studies of relat­
ed nature 

advises on the legal as­
pects of route selection 
and assists in property ac­
quisition 

provides track alignment 
plans, station facility maps, 
and requirements for mainten­
ance of way facilities 

provides date for all rolling 
stock 
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D~artment or_Division 

Planning Division 

Power Department 

Record Room 

Signals and Communi­
cations 

Station Department 

TA-MABSTOA Operation 
and Maintenance Div­
ision 

Transportation De­
partment 

Information 

prepares preliminary engi­
neering studies, estimates 
and reports, preliminary 
property acquisition and dis­
posal of property or air 
rights 

provides requirements for 
power structures and assists 
in substation location 

provides contract and "as 
built" drawings 

provides requirements for 
signals and determines oper­
ational speeds for a given 
study 

provides turnstile registra­
tion counts and special counts 

provides information concern­
ing bus routes, schedules and 
ridership and coordinates bus 
feeder lines with proposed 
and existing transit systems 

provides schedules and inform­
ation concerning mainline and 
yard operations, determines 
storage requirements for ex- · 
isting and proposed yards, 
prepares schedules for new 
route operations. Provides 
cordon counts, also provic e s 
information on required oper­
ating facilities and analyses 
of track configurations 
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Ill - GENERAL CONSIDERATIONS 
The first step in studying an established or ap­

proved new route, connection to or improvement of the 
existing system, is to prepare a feasibility study or 
functional plan. This plan differs from the usual 
structural or architectural detailed plan in that it is 
a layout showing the functions of each track, facility 
or improvement to be provided as related to the entire 
project. The feasibility study or layout may be consid­
ered as two parts; the plan (horizontal alignment) and 
the profile (vertical alignment.) Both must be con~ist­
ent to properly locate the structure in the street and 
to avoid, if necessary, surface and subsurface obstruc­
tions. These become extremely important where special 
track facilities, flexings, and stations are to be pro­
vided. Special facilities in plan must be consistent 
with and correspond to workable grades in profile. Sim­
ilarly, stations must be located in plan consistent with 
track facilities and at the same time be located on fa­
vorable grades. Upon completion of the functional track 
layout, a diagrarnatic plan is made to enable a quick de­
termination of train operation, switching facilities re­
quired, and the relation of main and branch lines. Such 
a plan offers a means of determining routing of differ­
ent services, and aids in fixing the number of trains 
per hour to be accommodated on the various branch and 
trunk lines. 

IV - GUIDELINES 
Number of Tracks 

The number of tracks required for smooth operation 
should be determined by the expected capacity of the line, 
asswning 30 trains per hour per track for existing systems 
and up to 45 trains per hour per track (only when there 
are no flexing or merging modes) for new routes independ­
ent of the existing system. Another factor is whether the 
line is a branch line or a trunk line. Additional track­
age, where necessary, should be provided for switchback of 
services, lay up of trains, and for reducing station dwell 
time, etc. 

Location of Stations --------------------
The location and number of stations on a particular 

line are determined during th~ planning phase. Past ex­
perience and a study of the travel habits of passengers 
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has brought about a change in the ideas regarding the 
needs for express and local train operation. It is ob­
vious that if maximum train capacity is attained in the 
outlying sections , where practically all passengers are 
destined for the Central Business District (CBD), it is 
quite unnecessary to have the train stop at intermedi­
ate local stations since no one desires to leave and 
since cars are loaded to capacity, no one can board the 
trains. In such cases, expenditures for constructing 
facilities for through express service appear to be war­
ranted and have been recommended. In the CBD the sta­
tion stops for the expres s service are frequent, since 
the entire load is usua lly discharged in a comparatively 
short distance. If the express stops were spaced too 
far apart, it would cause unnecessary transfers between 
expresses and locals. (The interested reader is refer­
red to items 4 and 5 in the b i bliography.) 

Station locations in i ntermediate areas of the city 
are determined by importance of location and local trav-
el habits of the public. In this regard consideration 
is given to business, entertainment, commercial and in­
dustrial areas, a nd feeder bus lines crossings. Local 
stations in residential areas are .usually spaced, under 
the foregoing considerations, about one half mile apart 
(if studies of passenger demand support that spacing.) 
Express stations in res i dential areas are most likely to 
be spaced at two mile intervals. In terminal areas it 
is desirable to space express stations much closer to 
lessen congestion in discharging passengers. Station dis­
tance between CBD and residential areas on Super Express 
Lines is several miles. 

Particular attention is devoted to planning stations 
with regard to mezzanines. Where a station, due to the 
contour of the surface or the necessity of a deep crossing, 
must be deep, a mezzanine should be provided. Mezzanines 
are desirable to permit transfer in both directions. 
Where no mezzanine is provided, two 24 hour controls are 
necessary. Economic analysis of operating and maintenance 
costs indicate that the construction of a single mezzanine, 
where only one control is utilized, is more desirable oper­
ationally t han two separate controls with no mezzanines. 

Transfer facilities should be provided at important 
points where lines cross or converge. A transfer arrange­
ment where two island platform stations cross requires an 
intermediate level to permit construction of a mezzanine 
or passageways. Arrangement of transfer facilities should 
be made for greatest convenience of passengers, and should 
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reduce the amount of climbing to an absolute minimum. 
Installation of escalators is given serious consideration 
at all locations. 

Plan and Profile 

Curves should be designed on the basis of maximum at­
tainable speed. An effort should be made to reduce the 
amount of curvature and increase the radius since high to­
tal curvature and short radii increase operation and main­
tenance costs and require heavy power consumption. In­
creasing the radius will shorten the length of the line 
and reduce the structural costs but should be weighed a­
gainst the cost of private property and the cost of relo­
cation of families and business as a result of acquiring 
their property. 

To obtain required clearances between tracks on 
curves, concentric curves of the proper radii with varying 
transition curves are more desirable than eccentric curves. 

Track crossings are accomplished by separating the 
tracks horizontally and vertically. These separations, re­
ferred to as flexings, are also used to place tracks in any 
desired location for purposes of sorting or mixing of serv­
ices, for connecting branch and main lines, and to obtain 
desired station platform arrangements for convenient pas­
senger transfer, or other reasons. 

Where connections are to be made to existing transit 
lines, they should be located at favorable grade locations 
to reduce switching difficulties, and to cause least dis­
turbance to existing operations during construction. ~eth­
ods of construction at connecting points are studied and 
their comparative costs evaluated. 

Provisions for future connections to the proposea line 
are investigated but seldom provided structurally, except 
where future construction under operating conditions indi­
cates prohibitive future cost by omitting the provision. 

Auxiliary trackage for emergency crossovers and lay-
up tracks should be provided at regular intervals for flex­
ibility of operation and the removal of bad-order trains to 
avoid delays in operation. Such provisions are planned so 
that in the event of a serious delay, operations could be 
maintained in both directions from that point. Special 
treatment is given such matters at areas of greatest con­
gestion. 

'l'P-6-6 



Additional trackage should be provided at flexing 
and branching points to provide pockets or reservoir 
trackage to hold trains so as not to block service. Un­
derground storage space, where available at moderate 
cost, is desirable to eliminate as much dead mileage or 
nonrevenue operation as possible. 

A connection to one of the railroads should be pro­
vided at some point in the line for the purpose of get­
ting new rolling stock into the yards from main line 
railroad delivery points. 

Theoretically, the most economical and generally 
satisfactory profile of a line would be one with stations 
located at crests. In starting, the downgrade would as­
sist the motor in acceleration and the upgrade at the ap­
proach to a station would assist the brakes in decelera­
tion. In a subway this does not permit the use of mez­
zanines and increases the cos t of construction between 
stations. For that reason, the profile is usually plan­
ned to follow the street surface. Stations in open cut 
should be as high as possible to reduce climb. Generally, 
the profile should follow the street surface but this is 
not feasible if the street surface is a series of dips and 
rises. An effort to get minimum excavation may lead to 
false economy. It is often more economical from a power 
expenditure standpoint to maintain a uniform grade with 
slightly higher excavation quantities rather than climb up 
and down in profile. 

Level grades are not a particularly desirable ob­
jective in a subway and should not be considered. A slight 
grade is preferable as it simplifies the track drainage 
problem. Frequent low points in the profile are objection­
able since they require too many sump pumps, and increase 
the cost of installation, maintenance, and operation. 

In fixing the location of the proposed line vertical­
ly, careful consideration should be given to crossings of 
other transit lines, large utilities, sewers, gas and water 
mains, cable banks, and other subsurface structures. Care 
should be taken to avoid blocking restoration or relocation 
of utilities. The feasibility study is designed to mini­
mize physical interference with utilities, and to reduce 
restoration costs. Before adopting a profile, methods of 
support and underpinning during construction and difficul­
ties of construction, by having to pass under existing 
transit structures, should be considered and evaluated. If 
large sewers cross the proposed subway route, a vertical 
profile is adopted to go over or under them. Where it is 
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impossible to go over them and the cost of depressing 
the structure is excessively ~evere, sewer crossings are 
made by inverted siphons (siphons are to be used only 
where no other alternative exists.) Cost studies should 
be made as to the desirability of passing over or under 
existing rapid transit lines or other large subsurface 
structures. Special attention is given to the a pproach 
grades at both sides of the crossings. 

In subway cor.struction, the type of structure will 
depend on subsurface conditions. The studies ind icate 
the desirability of open cut, tunnel, 6ouble ~eek or 
other type of construction. 

Where sound rock is encountered, it may b e more 
economical to depress the profile of the entire line or 
perhaps only the express tracks and perform the deep lev­
el construction entirely in tunnel. This economy is also 
balanced against the increase in cost of additional power 
consumed in the dip and rise of the tracks. Comparative 
estimates of the cost of tunneling or open cut should be 
made, especially where street traffic is heavy. 

In subway construction, whenever possible, the cent­
erline of the structure should coincile with the center­
line of the street. On wider streets this allows for 
sheeting and bracing the excavation and ref uces und erpin­
ning and easement costs. 

Stora~e_Yards_and_Re~air_ShO£S 

In planning new lines t i1e location of storage yard s 
is given detailed study. The storage yard shoula be d e­
signed to accommodate about 90% of all the cars in serv­
ice on the line. Storage should be provid ed at terminals 
to eliminate the dead mileage to and from a distant yard 
to the starting or terminating point of revenue opera­
tion. Real estate costs, however, are a factor anc must 
be weighed against locating the yard at an intermediate 
point where land may be cheaper. Yard leads at intermedi­
ate points on the line will require flexing and additional 
trackage. 

Inspection facilities should be provided at all stor­
age yards but for a new line and its branches one storage 
yard should be provided with major repair facilities. 
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V - PLAN PREPARATION 

General Practice 

A standard size sheet should be used for uniformity, 
ease of handling and filing purposes. Oversize sheets 
are permitted when the standard sheet will not show a 
complete and clear portion of the project. Figure 6.01 
indicates all the necessary information that should be 
shown on the sheet and the respective locations. 

If more than one sheet is required, the sheets 
should be numbered so that the project reads from North 
to South or East to West with a key plan showing the 
proposed project as the first sheet. If only one sheet 
is required the key plan should be located on the draw­
ing. 

Single stroke Gothic Lettering (large and small 
capitals) should be used because it is more uniform and 
easier to read than script. Good lettering requires uni­
formity of shape, style, size, weight, slope and spacing. 
Lettering may be free hand or done with the aid of a let­
tering guide. 

On a drawing that is to be microfilmed or reduced in 
size, the lettering must be large enough to be legible on 
the reduced print. 

Scales 

The designer should select a scale (civil engineer's) 
that gives a clear picture of the project on a minimum 
number of sheets. He should realize that in certain cases 
(clearances from property, buildings, sewers, etc.) the 
accuracy required will determine the scale. 

The following horizontal scales are generally used: 

1. 
2. 

System Expansion Studies 
System Improvement Studies 

l"m40', 80', 100', 200' 
l "=10 I f 20 I 

A vertical scale of 1"=10', 20' is suitable for both 
types of stuqies. 

For a cross-section, the appropriate scale should be 
chosen to show all necessary details clearly. 
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Abbreviations 

The following is a list of abbreviations frequently 
usec on preliminary study drawings. 

avenue 

base of rail 

boulevard 

Brooklyn Manhattan Transit 

drive 

elevation 

grade 

Independent System 

Interborough Rapid Transit 

length of curve 

length of spiral 

length of vertical curve 

north bound 

point of curve 

point of compound curve 

point of curve to spiral 

point of intersection of 
horizontal curve 

point of intersection of 
vertical curve 

point of reverse curve 

point of switch 

point of spiral curve 

point of spiral to tangent 
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B of R or B.R. 

Blvd. 

Dr. 

Elev. 

Gr. 

IND 

IRT 

L 

Ls 

L(vc) 

NB 

P.C. 

P.C.C. 

P.C.S. 

p. I. 

P.I.V.C. 

P.R.C. 

P.S. 

P.S.C. 

P.S.T. 



point of tangency 

point of tangent to spiral 

radius 

rate of change of vertical 
curve 

road 

railroad 

route 

street 

southbound 

superelevation 

throw 

track 

Transit Authority 

turnout 

top of rail 

velocity 

Study_Drawin9:,s 

P.T. 

P.T.S. 

R 

r 

Rd. 

R.R. 

Rt. 

St. 

S.B. 

e 

F 

Tk, 

T.A. 

T.O. 

T. of R. or T.R. 

V 

The first step in preparing a preliminary engineer­
ing d rawing is to prepare a base map consisting of plan 
(horizontal) and profile (vertical) views of the propos­
ed project. The profile is located directly above the 
plan and should be consistent with the plan. 

On the plan view the street system should be ori­
entated so that the North arrow points upwards. The plan 
should show the center line of existing subway and elevat­
ed lines, rights of way of railroads, highways, large in­
terceptor sewers, utilities and any other structures that 
will affect the alignment. Schools and housing develop­
ments should be shown because of their importance in de­
termining the location of stations. 
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The Transit Authority profile is referenced to an 
arbitrary datum, elevation 100.00, which is 2.653 ft. 
above mean sea level at Sandy Hook. The profile is drawn 
for the center line of the street. It should show ap­
proximate street surface, center line of intersecting 
streets, the outline of existing subway and elevated 
structures indicating base of rail, large interceptor 
sewers, base of rail of railroads and any other struc­
tures that will influence the vertical alignment. The 
rock line should be shown if enough data is available. 

If more than one sheet is required, each should be 
matched with the preceding and following sheets to give 
a continuous plan and profile for the entire project. 

The horizontal and vertical alignments should be de­
signed based on the guidelines discussed previously and 
in accordance with the Track Standards of the N.Y.C.T.A. 
The plan should show the alignment for the center line of 
each track indicating the properties of the curves and 
point of switch for turnouts and crossovers. 

The profile is drawn for the centerline of the 
structure showing the base of rai l elevation and i nc icat­
ing all grad es a no properties of t he vertical curves. 

Both plan anc profile should show station (platform) 
locations, transfe r f a cilities to existing transit lines 
and when flexing of tracks occur should show the points 
of clearance. 

The following information should be shown on the 
d rawing if cond itions warrant. 

Property: Private p roperty required should be in­
aicated on the plan by block and lot number and should be 
tabulatea listing block and lot numbers, address, de­
scription (number of stories, brick or frame , residential 
or commercial), assessed valuation and remarks (fee title 
or partial fee.) 

Sequence of construction: It may be necessary in 
some cases to establish a sequence of construction. This 
will facilitate the construction work and minimize disrup­
tion to existing operations. 

Sections: A section is arawn to clarify a portion of 
the study. A section may be drawn at points of flexings 
and complicated alignments, stations, passageways, trans-



I fer facilities and anywhere else that would help clarify 
the study. 

Notes: Any information that clarifies the study 
should be shown on the drawings. 

Plan_Checking 

Conflict between the checker and the designer often 
arises from a correction that involves opinion rather 
than design error. The design as presented may not be 
the best possible design, however, it does reflect con­
siderable time and thought. For any design project there 
are many solutions that will give a satisfactory product. 
If the design as presented shows sound judgement and 
economy of design, the checker must accept this product 
as presented even though, as a designer, he might have 
taken a slightly different approach to the problem. How­
ever, the checker should not be under the impression that 
his job is only to make a mechanical check of the work as 
submitted and ignore the possibility• of redesign which 
would effect a savings of time or money, or improve the 
design. The checker's responsibilities are: 

1. To check the accuracy of design as 
submitted. 

2. To point out any mistake or inaccu­
racy on the plan or estimate. 

3. To point out the omission of any 
information necessary for the clar­
ity of the plan. 

4. To call for redesign of any portion 
of the project that will not func­
tion due to failure to observe de­
sign criteria, or principles of en­
gineering. 

5. To discuss the possibilities of re­
design, with his supervisor, of a 
portion of the project that he feels 
to be inadequate, inferior or un­
economical. 

6. To point out any portion of the de­
sign that, although adequate, does 
not agree with the design manual, 
standard plans, Division or Depart­
ment bulletins, or established pro­
cedures. 
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VI - ESTIMATES 

At the completion of the feasibility study a prelim­
inary estimate is made to determine its approximate cost. 
The amount of time spent on a preliminary estimate may 
vary from merely applying a cost per mile factor to the 
length of the line to estimating cost from quantity take­
offs. 

When the information is required expeditiously, the 
cost per mile method is the most practical. The route is 
divided into portions having similar conditions and a 
cost per mile based on previous experience with similar 
structures is allocated for each portion. In arriving at 
the total figure, current construction costs and trends 
are carefully considered and the prices are updated ac­
cordingly. 

When a more accurate estimate is required the costs 
are estimated directly from quantity take-offs basec on 
typical design sections. This type of estimate is accu­
rate enough to be used for capital budget requests. 

Both methods consicer the locality, crossings cf 
rapid transit and other railroads, soil conditions, sub­
surface structures an~ utilities, builcings along tte 
route and any otne r structure that affects the costs. 

Generally an a llowance of 10% (this may be increas­
ed up to 30% for jobs involving reconstruction work on 
an existing structure) is added to the basic estimate 
for construction costs to ccver various contingencies 
that may arise. 

To increase the accuracy of the estiMate , prelimin­
ary cost figures for items such as power, track, line 
equipment, signals, real estate acquisition a nd rolli n<:; 
stock should be obtained from the respective t",cpartrnents 
and divisions. 

The preliminary estimate for cars required for a 
trunk line is generally assumed as 15 cars per track 
mile and is based on thirty trains per hour in each ~ i­
rection at an average speed of 20 miles per hour. For a 
branch line the number of cars per track is considerably 
smaller. For a complete route consisting of trunk line 
and several branches, the usual assumption for the esti­
mate is 11 cars per track mile. To this estimate about 
10% should be added for cars under inspection or repair. 
In many instances where new lines are integrated with ex­
isting services the determination of the required number 
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of cars becomes more complicated. In such cases the 
Transportation Department actually prepares a simulated 
schedule of services to determine the actual number of 
cars required. 

In addition to estimating the capital cost of con­
struction, track, signals and line equipment, it often 
becomes necessary, in many instances, to evaluate the 
annual cost of operation when comparing different routes. 
This is generally made on an annual car-revenue-mile 
basis. Using this as a yardstick in conjunction with the 
latest available operating expense data, the annual cost 
of maintenance of way, maintenance of equipment (cars), 
transportation, power and other miscellaneous items can 
be readily compared for different routes. Cost of oper­
ating stations, of course, will depend on the number 
planned for a line. 

VII - REPORTS 
The final phase of preliminary engineering is the 

preparation of a report. "A report is a written pre­
sentation that communicates information to the reader in 
an unbiased manner and in a form most useable by the 
reader for the purpose of solving a specific problern. 11 11 

A report should provide a basis of action for con­
tingencies. Many decisions to take action are made with­
out a written record of the facts that influenced them. 
If a contingency arises requiring modification, the task 
of the person handling the contingency would be reduced 
if a report were available to explain the existing con­
ditions. 1 

The basic parts of a report are: 

1. Letter of transmittal 

2. Introduction 

3. Body 

4. Terminal section 

The letter of transmittal should contain a brief 
summary of the r eport and should state any conclusions 
and recommenu ations. Also, it is proof of having sub­
mitted the report. 
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The introduction should contain the following in­
formation about the report: subject, authorization, 
purpose, background material, limitations, sources of 
information, a brief conclusion and a plan of present­
ation. 

The body of the report should contain all the nec­
essary information and data that must be presented and 
evaluated. The material should be developed according 
to plan of presentation. 

The terminal section should state the solution to 
the problem. This section should contain the conclu­
sions, recommendations and opinions developed in the 
preparation of the report. It is not a summary of the 
body and should not introduce any new material except 
to reinforce the solution. 

TP-6-18 



VIII - BIBLIOGRAPHY 

1. H. K. Glidden, "Reports, Technical Writing and 
Specifications", McGraw-Hill Book Company, Inc., 
New York, 1964. 

2. Los Angeles County Road Department, "Highway 
Design, Manual or Instruction. 

3. New York City Transit Authority, "Lectures on 
Routing, Studies and Planning". 

4. Vukan R. Vuchic, "Rapid Transit Interstation 
Spacing ror Maximum Number or Passengers", 
Operation Research Society or America, Transportation 
Science. 

5. Vukan R. Vuchic and Gordon F. Newell, "Rapid Transit 
Interstation Spacing for Minimum Travel Time", 
Operations Research Society or America, Transportation 
Science. 

TP-6-19 





ENVIRONMENTAL 

GUIDELINES 

OR 





INTRODUCTION 





INTRODUCTION 

Contemporary environmental control can 
create an artificial environment in buildings 
that will meet all the physical, psychologi­
cal and physiological demands of the occu­
pants. It is not necessary to go to this e~­
tent in a subway system environment, but it 
is necessary that the environment be improved 
over conditions that often e~ist today. By 
so doing, the comfort of the passenger will 
be increased and marginal passengers encour­
aged to use the system. 

In addition to operational acoustical 
problems to be overcome for the benefit of 
system passengers, subway operation can have 
a significant impact on the community. There 
is a growing awareness of noise pollution and 
its effect on the environment. Today's subway 
designer is confronted with not only technical 
problems to solve, but in many areas overrid­
ing social problems relating to the community 
will dictate design solutions, particularly in 
this field. Besides these standards stated 
here, all Federal, State, and City Laws gov­
erning standards in noise and vibration should 
be met also. 
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Chapter 1 
GOALS 

The two basic goals of the subway industry in its 
effort to control noise and vibration are: 

- to provide system patrons with an acous­
tically comfortable environment by main­
taining noise levels in vehicles and 
stations within acceptable limits. 

- to reduce the impact of system operation 
on the community by minimizing transmis­
sion of noise and vibration to adjacent 
properties. 

a Imerovin~_Acousitcal_Environment_for_Patrons 

This is achieved through control of noise and vibra­
tion in vehicles, in underground and above ground sta­
tions, in tunnels and in tracks. 

b Reducin~_Imeact_on_the_Cornmunit~ 

Increased community acceptance requires control of 
air-borne noise from surface and aerial transit opera­
tions and from transit ancillary areas, such as yard op­
erations, vent and fan shafts of the ventilation systems, 
electrical substations and air-conditioning chiller 
plants. The design must also provide control of ground­
borne vibrations and resultant noise from subway opera­
tions. 
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Chapter 2 
EFFECTS OF NOISE AND VIBRATION 

An understanding of the effects of noise and vibra­
tion is necessary for the establishment of acceptable 
criteria. The effects of noise and vibration include: 

Psychological Effects: including annoy­
ance, interference with rest or sleep, 
interference with work performance and 
interference with sound communication. 

Economic Effects: such as decreased 
property values or interference with 
commercial activities. 

Physiological Effects: including dis­
comfort levels, permanent hearing loss, 
temporary hearing loss, and other gen­
eral effects on health. 

Vibration Effects: including damage to 
the adjacent buildings and discomfort 
levels. 

The basic type of criteria are absolute limits relat­
ed to measurable physical quantities. They usually deal 
with hearing damage and protection, speech, communication 
or interference with other tasks and subjective reactions 
such as annoyance and are used in ensuring an acceptable 
acoustical environment for passengers and employees of 
the system. 

In vibration, the criteria is set for minor damage to 
normal construction of buildings. 
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Chapter 3 
STANDARDS USED IN MEASUREMENTS 

Noise or Sound Levels are measured with a sound level 
meter which meets the Type l or Type 2 requirements of A­
merican National Standards Institute (ANSI) Sl-4-1971, 
Specification for Sound Level Meters. 

All noise levels are in A-weighted sound levels, per 
ANSI Sl.4-1971 in Decibels referenced to 0.0002 microbar. 

The "slow" meter response is assumed for all noise 
level measurements except those involving measurements of 
transient sources or impact noises. 

Sound Analyzer shall conform to ANSI Sl.11-1966. 
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Chapter 4 
CONSTRUCTION NOISE AND VIBRATION LEVELS 

A. Maximum noise levels due to construction work shall 
be as follows: 

1. Sound levels for public noise exposure 
due to construction will be measured at 
the closest point adjacent to the site 
of the Works in normal use by the pub­
lic while construction work is in prog­
ress and shall not exceed the following 
levels: 

Duration Per 
Day_In_Hours 

8 

6 

4 

3 

2 

1-1/ 2 

1 

1/2 

Sound Level 
In dBA 

90 

92 

95 

97 

1/4 or less 

100 

102 

105 

110 

115 

Sound level for impulsive or impact noise (noise 
of duration less than one second) shall not ex­
ceed a peak sound pressure level of 140 dB when 
measured on an approved impact noise analyzer. 
In lieu of the above procedure, 125 dB measured 
on the C scale of a standard sound level meter 
at fast response will be accepted as an equiva­
lent measure of the peak sound pressure level. 

2. Additional sound levels for noise due to con­
struction will be measured at the street line of 
the structure adjacent to and along the area of 
the Construction operations, and shall not ex­
ceed the following:-
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a) Residential Structures: 

Daily, except Saturday and Sun-
day, 7:00 A.M. to 11:00 P.M. 75 dBA 

Daily, except Saturday and Sun-
day, 11:00 P.M. to 7:00 A.M. 60 dBA 

11:00 P.M. Friday to 7:00 A.M. 
Monday 60 dBA 

b) Business - Commercial Structures: 

Daily, including Saturday and 
Sunday, ALL HOURS, a maximum 
of 85 dBA. 

c) Factory - Commercial Structures: 

Daily, including Saturday and 
Sunday, ALL HOURS, a maximum 
of 90 dBA. 

B. Vibration Levels: 

a) Maximum particle velocity at the nearest building 
due to construction or operation should not ex­
ceed two (2) inc~es per second. 

b) During blasting, two seismograph instruments and 
three component photographic recording instruments 
of the Leet type er equivalent shall be used. 
Maximum amplitudes for all components as well as 
resultant for all frequencies of vibrations, dur­
ation of motion in excess of one one-thousandth of 
an inch. 



STATION 
PLANNING 

GUIDELINES 

OR 



I 
I 
I 



INTRODUCTION 





INTRODUCTION 

These Standards for Station Planning 
are designed to provide guidance to the 
Project Architect during the process of 
initial planning and design, It furnishes 
the basic criteria applicable to stations 
with whiah the Project Architect should be 
familiar. 

Stations consist primarily of space, 
equipment and people. It is the task of 
the Project Architect to integrate the 
people with the space they pass through 
and the equipment they use and view. The 
station design should therefore be one which 
satisfies the operational needs of the 
transit system and the aesthetic needs of 
the passenger. 

These Standards do not constrain the 
imagination of the Project Architect, in­
stead they permit and encourage him to 
evolve the best design ponsible within 
budgetary constraints by coordinating all 
the elements in a pleasing and meaningful 
way. 

If it should become necessary or 
desirable for the Project Architect to 
deviate from these Standards he must sub­
stantiate the need for the deviation and 
submit the proposal to the Transit Author­
ity Executive Officer for approval. 
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1 Above Ground Station: 

2 Advertisinq: 

3 Base of Rail (B of R): 

Chapter 1 
GLOSSARY 

A station in which the tracks, 
platforms, mezzanines, etc. 
are located on an elevated 
structure or rest directly on 
qrade or an embankment. 

Those areas such as wall, rail­
ing and free standin~ spaces, 
which the Transit Authority 
leases for advertising posters. 

The profile line representing 
the elevation of the bottom 
surface of running rails. 

SP-1-1 



4 Below Ground Stations 

5 Concessions, 

6 Controlss 

7 Full-Times 

8 Graphicas 

9Inside Controlss 

10 Mezzanines 

.11 Open Cut Stations 

• 12 Outside Controls: 

13 Part-Time 

14 Peak Houri 

A station in which the tracks 
and platform are located below 
grade and completely covered. 

Those areas the Transit Author­
ity leases to private enterpriae. 
Types 

-Vending Machines 
-Retail Stores (including 
banks, newsstands, etc.) 

-storage 

The turnstiles and exit gates 
which separate the paid area 
from the unpaid area. 

A 24 hour period. 

The identification, directional 
and information signage needed 
to orient the paasenger within 
the station environment. 

That portion of a station which 
ia in the paid area. Passenger■ 
cannot enter this area without 
paying a fare or presenting 
proper credentials. 

An intermediate level or space. 

A station in which the tracks 
and platforms are below grade 
and uncovered. 

The portion of a station which 
is in the unpaid area. Passen­
gers may enter this area with­
out paying a fare. 

Part of a 24 hour period. 

That hour during the AM and/or 
PM, on an averaqe day, at which 
time the station has the largest 
passenger volume. 
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15 Platforms 

16 Platform Loading: 

17 Right of Way: 

18 Station: 

19Street Entrance: 

20 Token Booth: 

The section of the station 
parallel to, but raised from 
the tracks, where trains halt 
to load and unload passengers. 
Types: 

-Island Platforms a plat­
form situated between two 
sets of tracks. 

-Side Platform: a platform 
situated alongside one set 
of tracks. 

The area or areas on a platform 
through which passengers enter 
and exit. 
Types: 

-Center loading 
-End loading 
-Quarter point loading 
-Third point loading 

Lands or rights used or held 
for railroad operation. 

That complete volume of space 
comprising the station site 
including all structures within 
it through street entrances. 

Sidewalk or Plaza 
-direct access to station 

from or through sidewalk 
or plaza. 

Building Entrance 
-access to station through 
transit structure or pri­
vate property. 

A bullet resistant enclosure 
housing the token agent from 
where tokens are purchased. 
This enclosure may be free 
standing as a booth or an 
integral part of the archi­
tectural station design. 
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21 Track Spaces 

22 Twenty Minute Peaks 

That section of the subway 
which contains running and 
contact rails over which trains 
operate. 

The busiest 20 minute portion 
of the peak hour (varies from 
33-1/3% to 40% of the peak hour). 

SP-1-4 



Chapter 2 





Chapter 2 
STATION ELEMENTS 

TABLE OF CONTENTS 

ABOVE AND BELOW GROUND STATIONS••••••••••••••SP-2-1 

A. ENTRANCES1 Full-time and Part-time ••••. sP-2-1 

B. MEZZANINESI Full-time and Part-time •••• sP-2-2 

c. CONTROL AREAs ••••••••••••.••••••••••••• sP-2-3 

D. VERTICAL CIRCULATION•••••••••••••••••••SP-2-4 

E. HORIZONTAL CIRCULATION•••••••••••••••••SP-2-4 

F. PLATFORM ••• ••• 1 • • •••• • 1 • • • • •• •. • • • • • • • .sP-2-5 

G. EMERGENCY FACILITIEs •••••..••••••..•••. sP-2-6 

H. GRAPHICS.• •• •••• •••• •.•.•.•.•• •• •••••• .sP-2-7 

I. SEATING.••••.•.•••·••••••••••••.••••••• .sP-2-8 

J. PIPE IDENTIFICATION••••••••••••••••••••SP-2-8 

K. TOILETS••••••••••••••••••••••••••••••••SP-2-8 

L. PUBLIC TELEPHONES••••••••••••••••••••••SP-2-9 

M. ADVERTISING••••T•••••••••••••••••••••••SP-2-9 

N • CONCESSIONS•.•• •• • • • •. • • • • ••• •. • • • • • ••• • SP-2-9 

o. MAINTENANCE, SERVICE & EQUIPMENT ROOMS.SP-2-9 

P. DOOR SIZE AND TYPEs •••••.•••.•••••••••. sP-2-10 

Q. PUBLIC ADDRESS SYSTEM••••••••••••••••••SP-2-12 

R. TELEVISION SURVEILLANCE••••••••••••••••SP-2-12 

ii 



S. DESTINATION SIGNS••••••••••••••••••••••SP-2-13 

T. TWO-WAY RADIO COMMUNICATIONs ••••••••••• sP-2-13 

u. TOKEN BOOTHs ••••..•••••.••••••••••••••• sP-2-14 

V. TELEPHONES AND MISCELLANEOUS EQUIPMENT.~P-2-14 

W. GENERAL REQUIRE!-iENTS AND CRITERIA FOR 
COMMUNICATIONS EQUIPMENT••••••••••••••SP-2-15 

SUBWAY CAR DATA AND CLEARANCEs ••••••••••••••• sP-2-16 

ii-i 



Chapter 2 
STATION ELEMENTS 

ABOVE AND BELOW GROUND STATIONS 

A. ENTRANCES: Full-time and Part-time 

SIDEWALK ENTRANCES 

- Sidewalk entrances are to be located at the 
building line where feasible. 

- Prvvide closure facilities at foot of all 
street stairs for emergency and part-time 
operation. 

- All exterior stairways, movinq stairs, approach­
es to stairways and landinqs are to be provided 
with snow melters. Control switch for snow 
melters shall be located in nearest 24 hour 
token booth. 
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OFF-STREET ENTRANCES 

This type of entrance is preferred where 
feasible. 

- Types, Entrance through transit facility 
Entrance through private property 

- All openings between transit facilities and 
private property shall have provisions for 
self-closing fireproof doors. 

PASSAGEWAY ENTRANCE 

- Entrance by means of a passageway from another 
station or other facility. 

GENERAL REQUIREMENTS 

- Temporary barricades are to be provided at all 
entrances. 

B. MEZZANINES& Full-time and Part-time 

MEZZANINE TYPES 

- Full length mezzanine 
- Partial mezzanine 

CLEAR HEIGHTS 

- Location, passenger density, site conditions, 
etc. are to be considered in determining mezz­
anine heights. 

- Minimum height: 9'-0" 
- Optimum height: 12'-0" 
- 2'-0" space required above finished ceiling for 

AC ducts. 

GENERAL REQUIREMENTS 

- Floor drainage 
- Electric outlets 
- Water hose connections 
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C. CONTROL AREAS 

TOKEN BOOTH (STANDARD TA DESIGN) 

STANDARD TOKEN BOOTH SIZES 

- Standard height: 7'-3" 
- Adjacent to wall or free standing: 

6 1 -0" wide by 6 1 -0" or 12'-2" long 
- Recesseds 18"-2" wide front (minimum) 

TYPES 

- Booth adjacent to wall 
- Free standing booth 
- Booth recessed into wall 

VARIATIONS PERMITTED: 

- Exterior material below window color band pro­
vided bullet resistant features are retained 

- Color 
- Shape provided standard modular unit sizes are 

retained 

GENERAL REQUIREMENTS 

- Provide token agent with complete visibility 
of turnstiles and exit gates 

- Locate booth within 10 to 15 feet of the turn­
stiles or within the line of control 

- Token vending machines as required 
- Change vending machines as required 

TURNSTILES (STANDARD TA DESIGN) 

FULL-TI~E SUPERVISED AREA 

- Low two-way turnstiles 

PART-TIME SUPERVISED AREA 

- Low two-way turnstiles with overhead closing 
grille 

- High one-way turnstiles as required 
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NON-SUPERVISED AREA 

- High one-way turnstiles 

EXIT FACILITIES (STANDARD TA DESIGN) 

FULL-TIME SUPERVISED AREA 

- Low exit gates 
- Two-way turnstiles 

PART-TIME SUPERVISED AREA 

- Low exit gates with overhead closing grille 
- Two-way turnstiles 
- High revolving exit gate as required 

NON-SUPERVISED AREA 

- High revolving exit gate 

RAILINGS & PARTITIONS (STANDARD TA DESIGN) 

CLOCK 

Railings and/or partitions are to separate the 
paid from the unpaid areas and shall be high 
or low as required. 

One clock shall be appropriately placed within 
each control ~rea. 

D. VERTICAL CIRCULATION 

TYPES 

- Stairs 
- Ramps 
- Moving Stairs 

E. HORIZONTAL CIRCULATION 

TYPES 

- Passageways 
- Moving Walks 
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F. PLATFORM 

TYPES 

- Side Platform 
- Island Platform 

DIMENSIONS 

CLEAR HEIGHT 

- Measured from center line of platform to under­
side of lowest portion of ceiling 

- Minimum: 10'-0" 
- 2'-6" required above finished ceiling for AC 

ducts 

LENGTH 

- Division A - IRT: 525 feet 
- Division B - IND & BMT1 615 feet 

SIDE PLATFORM WIDTH 

- Measured from side wall finish to platform edge. 
- 12'-0" minimum without columns. 
- Columns not recommended. 

ISLAND PLATFORM WIDTH 

- Measured from platform edge to platform edge. 
- 20'-0" minimum without columns. 
- 25'-0" preferred width. 

22'-0" minimum with single row of columns. 
25'-0" minimum for terminal stations. 

- Single line of columns (recommended) 

GENERAL REQUIREMENTS & CRITERIA 

- Slope platform towards track for drainage and 
provide gutter at walls with drainage facility. 

- Provide electric outlets and water connections 
along the platform as required. 

The elimination of platform columns is preferred 
when feasible. 
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- When platform columns are required the minimum 
distance between a column and the platform edge 
shall be 5'-6". 

- All accessories required for the operation of 
the transit system and exposed within the sta­
tion (ie. conductor's board, signal equipment, 
antennas, etc.) are to be incorporated into the 
total design. 

- Provide platform edge and warning strip as per 
standard TA design. 

- All above ground stations are to be provided 
with full length canopies and full length 
windbreakers. 

- All platfrom and mezzanine columns must be fire­
proofed when located within property lines. 

- Platform and mezzanine steel columns may be 
enclosed. 

- All approaches to vertical circulation on above 
ground platforms are to be provided with electric 
snow melters. 

- All station sidewalls adjacent to a track are 
to be provided with "grab bars". 

- Grab bars are to be or 1/2 inch round stainless 
steel 15 inches long, spaced 10'-0" on center. 

- Grab bars are to be mounted 5 foot from floor 
(base of rail or toe bench) to bottom of bar. 

G. EMERGENCY FACILITIES 

Fire Lines 

- Wet fire lines are to be installed in each 
station with siamese inlet standpipe connect­
ions at street level near station entrace 
conforming to Fire Department standards. 

- The wet fire lines are to be situated in a 
manner which will provide three (3) hose 
valves per platform. They are to be recessed 
in a fire hose cabinet (Standard TA Design) 
in the station sidewall at side platforms and 
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on the escalator/stair wing walls at island 
platforms. 

- Each cabinet is also to be provided with a 
hose bib connection for station cleaning. 

- The fire hose cabinet shall contain a 2-1/2 
inch hose valve; 75 feet of 1-1/2 inch racked 
neoprene lined polyester hose with plastic fog 
nozzle; and in a separate compartment, a 3/4 
inch hose outlet to be used for station wash­
ing. 

- Eight foot by six foot water meter room shall 
be provided at approximately 1200 foot inter­
vals. At stations the meter room shall be 
larger if it is to supply both the fire line 
water service and any other services that may 
be required. 

- Appropriate graphics are to be provided at 
all locations. 

EMERGENCY EXITS 

- Each station is to be judged on its own merits 
as to the need for emergency exit facilities. 

- Stations that have double end loading conditions 
will not require an emergency exit unless direct­
ed otherwise. 

- Stations that have single end or single quarter 
point loading co.nditions will require an emer­
gency exit close to but beyond the station limits. 

H. GRAPHICS 

- All graphics required throughout the transit 
system are to be designed in accordance with 
the "Transit Authority Graphics Standards 
Manual". 

- The Architect is to provide the General Con­
tractor with full size lettering layouts during 
the construction phase of the contract. 
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I. SEATING 

TYPES 

- Individual seats grouped. 
- Benches with separators for individual seating. 
- Benches and seats are to have replacable units. 

LOCATION 

- Within control areas. 
- Along platform as required. 
- Arranged not to interfere with passenger circu-

lation. 

J. PIPE IDENTIFICATION 

- To be coded as per TA standards. 

K. TOILETS 

TYPES 

- Public toilets for men and women at transfer 
and major stations only. 

- One employee toilet per station. 
- Crew room toilets with provisions to suit each 

specific situation. 

GENERAL REQUIREMENTS 

- Public toilets shall have an attendant station, 
supervising both the mens and womens toilets. 

- With provisions for closing the facility at 
night. 

- All public toilets to be located in the paid 
area of the station, preferrably within view 
of the token agent. 

- All stalls are to have coin locks. 

HANDICAPPED REQUIREMENTS 

- Each public toilet (men & ladies) shall have 
one stall with the following requirementss 

- Widths 3'-0" 
- Depths 4'-8" minimum S'-0" preferred 
- Door width: 2'-4" swing out, not to interfere 

with access to other stalls. 
- Handrails on each interior side of the stall, 33" 

high and parallel to the floor, 1-1/2" clearance 
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between rail and wall, fastened securely at 
ends and center of rail. 

- Water closet with seat 20" from the floor. 
- Stall to be identified with appropriate graphics. 

L. PUBLIC TELEPHONES (STANDARD TA DESIGN) 

- Public telephones within view of the token agent 
ar.e to be provided in and outside of the paid 
areas of the station. 

- The Telephones shall have a '911' emergency pro­
vision. 

- One phone to be provided for the hard of hearing 
and shall be identified with appropriate graphics. 

M. ADVERTISING (STANDARD TA DESIGN) 

LOCATION 

- Not to conflict with graphics. 
- To be treated as elements within the total 

station design concept. 
- To be grouped in selected areas. 

N, CONCESSIONS (STANDARD TA DESIGN) 

LOCATIONS 

- Not to obstruct passenger flow or interfere with 
the operation of transit facilities. 

- Accessible to normal passenger flow. 
- Concessions not permitted on platforms. 
- Not to interfere with other concessions or adver-

tising. 
- All concessions to be observable by the token agent. 

GENERAL REQUIREMENTS 

Automatic vending must be within view of the token 
agent and is to be grouped in units of an approved 
modular design. 

- All manned concessions and storage areas to be 
provided with sprinkler systems. 

- Concessionaires are to use rubber-tired dollies 
and hand trucks only rather than steel wheeled 
which tend to damage stair and floor finishes. 

- Areas chosen for concessions are to be designed 
as part of the total station concept and not as 
an after-thought. 

O. MAINTENANCE, SERVICE & EQUIPMENT ROOMS 
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The following rooms shall be provided as required. 
For heating, ventilation and air cooling require­
ments, see ventilation and air cooling standards. 

EQUIPMENT ROOMS 

- Electrical Distribution Room (normal and 
reserve) 

- Ejector Pit 
- Electrical Duct Manhole 
- Central Instrument Room 
- Pump Room (with pump below) 
- Relay Room 
- Circuit Breaker House 
- Fan Room 
- Climate Changer Room (with adjacent Stationary 

Engineers Room) 
- Moving Stair Machinery & Pit Areas 
- Panel Board Room 
- Telephone Compartment Room 
- Radio Baae Station Room 
- Other Areas as required 

SERVICE ROOMS 

- First Aid Storage Closet (for medium station) 
- First Aid Treatment Room (for major station) 
- Storage Rooms 
- Dispatcher's Office 
- Police Quarters 
- Toilets, Public, Employee 
- Other Areas as required 

MAINTENANCE ROOMS 

- Porter's Closet (mezzanine & platform) 
- Refuse Disposal Area 
- Track Lubrication Room 
- Maintainer's Quarters (for Signals, Tracks, 

Power, Structure & Line Equipment Groups) 
- Dressing & Locker Room 
- Utility Room (for automatic floor scrubber) 
- Other Areas as required 

P. DOOR SIZE AND TYPES 

- All doors 3'-0"x7'-0" with louvers except-
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- Ejector Pit - louvered double doors 
4'-0" X 7'-0" 

- Fan Room - dust tight sliding door 
3'-6" X 7'-0" 

- Pump Room - non-louvered sliding door 
4'-0" X 7'-0" 

ELECTRICAL DISTRIBUTION ROOM 

General 

Personnel doors 
-3'-0" x 7'-0" H.M. Class 'A' 
Fire Door 

-panic hardware 
-swing out 
-austproof 

Equipment doors 
-pair or 4'-3" x 8'-0" H.M. 

Class 'A' Fire doors, swing out 
-or - 8 1 -6" wide x 8'-0" high 

Class 'A' rolling fire door 
-dustproor 

Requirements for rooms located above tracks 

Personnel - Two doors located at opposite ends 
of room 

Equipment - Removable floor hatch (8'-0" x 10'-0") 

Requirements for rooms located adjacent to 
t~Ack duct bench 

Personnel - Two doors located at opposite ends 
of room 

- Doors are to be receded when opening 
on to duct bench 

Equipment - Rolling Door 
- Drum located on interior side of room 

All other locations 

Personnel - Two doors located at opposite ends of 
room 

Equipment - Pair of H.M. doors 
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Q. PUBLIC ADDRESS SYSTEM 

All stations shall be equipped with a public ad­
dress system which may be utilized by the master token 
booth, part-time dispatchers, key dispatchers or the 
Transportation Department Jay Street Command Center, 
subject to an established priority of control. 

Key dispatchers shall be provided with turrets to 
permit selective announcements to designated stations. 
In addition, key dispatchers shall be capable of two­
way communication with the Jay Street Command Center 
via a loudspeaking telephone system. 

Speakers shall be located in platform, mezzanine, 
passageway and control areas. 

Auxiliary equipment required for the public ad­
dress system shall be installed in equipment cabinets 
which shall be located in the Telephone Compartment 
Room. 

R. TELEVISION SURVEILLANCE 

Television cameras shall be provided for platform 
and mezzanine coverage, in passenger elevators, and for 
other areas (like passageways) where designated. The 
cameras shall provide visibility of at least 90% of the 
required areas of coverage. 

Cameras shall be of the fixed lens type without 
power zoom or tilt. However, cameras shall be provided 
with adjustable mountings that will allow the horizon­
tal and vertical viewing angles to be changed in accord 
with the field conditions. 

Television monitors shall be located in the master 
token booth. At least two monitors shall be provided. 

Sequential switchers, as required, shall be in­
stalled in the booth to allow the booth agent to use 
one monitor to view scenes from several cameras in 
sequential time intervals. This switch shall provide 
control of up to 10 cameras inputs. The switch shall 
permit the aqent to stop the sequencing and provide 
continuous display of any desired input. 
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s. DESTINATION SIGNS 

The R-44 car is, and future new cars may be 
equipped with an identra system. This will enable 
trains approaching a station to identify themselves 
and their destination. Illuminated "destination" signs 
may be required on station platforms to display this 
information to the public. 

T. TWO-WAY RADIO COMMUNICATIONS 

Two-way FM radio communication shall be provided 
for train operations and the Transit Police. Both 
Police and Transportation radio systems share a common 
outdoor antenna at outdoor locations and antenna cable 
system underground. However, each system utilizes 
separate transmitter-receivers and each system is con­
nected into its own radio command center at Jay Street 
by carrier frequency equipment via T.A. cable. 

Radio base stations shall be provided at stations 
as required and the equipment shall be installed in a 
separate communications room at these stations. 

Base stations shall be designed to provide satis­
factory coverage in accord with T.A. standards over at 
least 95% of the area required to be covered, both out­
doors and underground. In outdoor areas, remote re­
ceivers or other auxiliary equipment shall be provided, 
as required, at stations. In underground locations, 
auxiliary antenna cable and/or "firecracker" antennas 
shall be installed as required to provide radio cover­
age in mezzanine, passageway and control areas. 

This auxiliary antenna cable shall be of a coaxial 
type, either radiating ("Radiax") or non-radiating 
("Heliax") as required. 

Antenna cable run through the station platform 
area which connects to the under~round system along 
the right-of-way is expected to be of the twin-lead 
transmission line type. However, note that consider­
ation is being given to the use of coaxial type an­
tenna cable throughout. 

All wire, cable and conduit shall be concealed. 
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U. TOKEN BOOTHS 

At each station, one token booth shall be desig­
nated as the Master Token Booth and shall be equipped 
with public address and TV facilities as described 
above in Paragraphs QR and T. 

In addition, each token booth shall have the 
following conmunications equipments 

Each booth shall be provided with a telephone. 

Each booth shall be provided with a public inter­
conmunication system. This system shall p~rmit the 
booth agent to talk to people at the selling window. 
A separate amplifier shall be provided for each sell­
ing window. All required equipment for this system 
shall be installed in the booth. 

Each booth shall be provided with a Station 
Department intercommunication system. This system 
shall enable the booth aqent to communicate with 
designated field supervisors and with Jay Street Sta­
tion Department headquarters. The auxiliary equipment 
required for this system shall be installed in the 
Telephone Compartment Room. T.A. cable shall be used 
to connect the booth agent to field supervisors and 
Jay Street. 

In addition, the following communications equip­
ment may be required in token boothsa 

At outdoor stations, where required, emergency 
alarm equipment shall be installed in a designated 
token booth. 

Where elevators are installed in stations, an 
elevator intercommunication unit shall be installed 
in a designated token booth. 

V. TELEPHONES AND MISCELLANEOUS EQUIPMENT 

Telephones shall be provided in rooms as required 
(e.g., Relay Rooms, Signal Rooms, Crew Rooms, Dispatch­
er's Offices, Electrical Distribution Rooms, Bquipment 
Rooms of various types, etc.) and on station platforms 
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as required. The type and quantity of telephones re­
quired at each location must be checked with the de­
partment involved. (Note that these are T.A. System 
telephones, not public telephones.) 

Smoke detector equipment shall be provided in 
relay rooms, radio rooms and other locations, where 
designated. 

Fire protection equipment including fire extin­
guishers, sprinkler systems and automatic fire fighting 
systems shall be provided where designated. 

Security alarm systems shall be provided where 
designated. 

W. GENERAL REQUIREMENTS & CRITERIA FOR COMMUNICATIONS 
EQUIPMENT 

All communications equipment provided shall meet 
or exceed applicable T.A. standards. Otherwise, they 
shall be in accord with the best quality applicable 
industry standards. 

Wire and cable shall have fire retardant insula­
tion and shall not produce noxious fumes. 

In public areas, all conduit, wire and cable, 
shall be concealed. All other equipment shall be con­
cealed to the extent possible. 

Equipment in public areas, like speakers, T.V. 
cameras, etc., shall be installed to be vandal proof 
and secure to the extent. possible, but accessible for 
maintenance by authorized personnel. 

Twin lead antenna cable shall be mounted at least 
6" away from other cable and structural metal (includ­
ing reinforced concrete walls.) Materials used to 
conceal this cable shall not be painted, especially 
not with lead or other metallic base paints. 
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The following data is provided as general infor­
mation for the Project Architect. 

SUBWAY CAR DATA & CLEARANCES 

DIVISION A - IRT 

CAR DIMENSIONS 

- Length: 51'-4 11 

- Width: 8 1 -9 1/2" 

CAR CLEARANCES 

- Center of car to wood edge of station platform: 
4 '-8- V4 11 plus excesses if any. 

- Center of track to face of wall and/or column 
finish; 7'-0 11 plus excesses if any. 

DIVISION B - IND & BMT 

CAR DIMENSIONS 

- Length: 60 1 -6 11 & 75'-0 11 

- Width: 10'-0" 

CAR CLEARANCES 

- Center of car to wood edge of station platform: 
5'-2" plus excesses if any. 

- Center of track to face of wall and/or column 
finish : 7 '-0" plus excesses if any. 
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1 - STAIRS 

Chapter 3 
VERTICAL CIRCULATION 

STAIR WIDTHS 
- Stair widths are to be determined by pro­

jected patronage. 

- The minimum width for any stair is 8'-0". 
Permission is to be acquired from the Chief 
Engineer for any conditions requiring less 
width. 

RISER AND TREAD 
- Riser heights 6-1/2" wherever feasible. 

Exceptions see 'GENERAL STAIR CRITERIA'. 
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- Minimum height: 6", Maximum heights 7". 

- Tread width: 11-1/2" wherever feasible. 
Exceptions see 'GENERAL STAIR CRITERIA'. 

- Minimum widths 10-1/2", Maximum widths 12". 

- sum of two risers plus one tread, excluding 
nosing, shall be no less than 24" nor more 
than 25-1/2". 

Minimum vertical headroom over riser nosing: 
7'-6". 

Maximum number of risers in one stair run: 14. 
This may be increased to a maximum of 18 risers 
when stair is adjacent to escalator. 

- Minimum number of risers in one stair runs 2. 

- Solid risers and treads. 

- Non-slip finish for all treads. 

- Winders not permitted. 

- Provide electric snow melters for exterior 
stairs. 

- Provide drainage for exterior stairs. 

INTERMEDIATE ST AIR LANDINGS 
- Minimum length of landing for a straight run 

stairs 4'-6" (5'-0" recommended). 

- Minimum width of landings equal to width of 
stair. 

- Provide electric snow melters for exterior 
landings. 

- Provide drainage for exterior landings. 

STAIR HANDRAILS 

- Heights 2'-8" from nosing to top of handrail. 
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- Minimum clearance: 2-1/2" between edge of hand­
rail and wall. 

- Handrails and Center Stair Railings are to be 
3'-0" high above landings and continuous through 
all intermediate landings. 

- Extend handrails 18" beyond top and bottom risers 
wherever possible, however, no less than 12" is 
permitted. 

- Handrails for both sides of a stair. 

- Maximum stair width without Center Railing: 
7'-4". 

- Handrail end shall return to wall. 

- Minimum height of railing around stair well 
opening: 3 '-8" . 

GENERAL ST AIR CRITERIA 
- Stairways shall not merge into stairways of lesser 

capacity unless provisions for future widening are 
included. 

- In high density and/or traffic areas provide a 
minimum of four entrances per control area. 

- Where stairs occur alongside a moving stair, the 
nosing line should be set to match the slope of the 
moving stair and the stair situated in a manner that 
the handrail remains below the moving stair deck 
plate. 

- Paint bottom and top riser of each stair run yellow 
as per TA standards. 

2- MOVING STAIRS 

- GENERAL REQUIREMENTS 

- Escalation is to be provided by including at least 
one up and one down moving stair from street to 
mezzanines, galleries and platforms in addition to 
normal stair requirements. 
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Moving stairs to and from street level are to 
be located at the point of greatest passenger 
traffic wherever possible. 

- Speed: 90 & 120 feet/minute. 

- Reversible moving stairs. 

- Automatic starting treadle, top and/or bottom, 
where and when specified. 

- Access to machinery rooms and movinq stair pits 
outside of passenger flow wherever possible. 

- Emerqency shut-off switches at head and base of 
moving stair and in nearest full time token 
booth. 

- All escalators shall have sprinkler systems. 

- Handrails are to be black and are to have white 
circular inserts spaced approximately 2'-0" on 
center. 

3- ELEVATORS FOR THE HANDICAPPED 
- Each station is to be provided with an elevator 

from the street to the mezzanine and from the 
mezzanine to each platform. Design criteria 
as per TA standards. 

4- RAMPS 
GENERAL REQUIREMENTS 

- Slope of ramp: 8% maximum. 

- Width determined by projected patronaqe. 

- Continuous handrails along both sides. 

- Provide electric snow melters for exterior 
ramps. 

- Provide drainage. 
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Chapter4 
LIGHTING 

1- GENERAL CRITERIA 
Lighting should be of a nature and type applicable 
to a rapid transit station. Passenger safety and 
ease of maintenance should be given prime consider­
ation. The following criteria should be considered 
minimum and varied to allow the lighting to comple­
ment the station design concept. 

CONCEPT 

- Illumination levels within any major area should 
be varied to create interest and to point out 
specific local area functions. Similar functions 
should have .the same illumination levels through­
out the station. Typical areas to be emphasized 
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would be platform edges, tops and bottom• of 
stairways and moving stairs, token booths, 
information signs, etc. Glare from lighting 
sources should be kept to a minimum. 

FIXTURE CRITERIA 

- Enclosed type fluorescent fixtures may be used 
only in mezzanine and entrance areas. 

- Fixtures shall be readily maintainable and 
fabricated of indu•trial grade materials to 
minimize vandalism. 

- Mounting positions for fixture shall be per­
manently fixed after final installation. 

LAMP CRITERIA 

- Fluorescent and mercury lamps are to be used 
for all station areas. Incandescent lamps may 
be used only in pipe chambers, escalator en­
closures, equipment and maintenance areas, etc. 

- Mercury lamps may be utilized for special 
application and effects and not for broad 
general application. The mercury lamp is to 
be a non-reflector type, phosphorous coated 
of 100,175 and 250 watt sizes. 

- Fluorescent lamps shall be warm white only of 
4 foot and 6 foot lengths. 

ILLUMINATION LEVELS 

- The listed illumination levels are average, 
maintained, in service values with a floor 
working plane and Maintenance Factor of 0.65. 

AREA 

- Platform, below ground 
- Platform, above ground 

with canopy 
- Platform, above ground 

without canopy 
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ILLUMINATION 
AREA LEVEL ( f c) 

- Mezzanine & Other Public Areas 20 
- Control Area 30 
- Concession Area 30 
- Utility Rooms 15 
- Electrical Distribution Rooms 20 
- Storage Areas 5 
-Entrance Stairway 10 

2- EMERGENCY LIGHTING 

- Emergency 'lighting shall be accomplished by 
uaing the station lighting fixtures with the 
addition of a rechargeable battery pack and 
electronic unit making the same fixture use­
able for both normal and emergency operation. 
Emergency lighting shall be for a minimum of 
three hours of continuous operation. 

EMERGENCY ILLUMINATION LEVELS 

- The listed illumination levels are average, 
maintained, in service valuea with a floor 
working plane and Maintenance Factor of 0.65. 

AREA 

- Platform, Mezaanine, 
Other Public Areas 

- Stairs & Moving Stairs 
- Utility Rooms 
- Electrical Distribution Rooms 

3.:.GENERAL REQUIREMENTS 
HIGH AREA LIGHTING 

ILLUMINATION 
LEVEL (fc) 

1 

2 
o.s 
1 

- For maintenance purposes, provide telescoping 
scaffolding with appropriate storage facilitie• 
on each platform. 
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4- REFERENCES 

- Guidelines and Principles For De■ ign of Rapid 
Transit Facilities 
Inatitute For Rapid Transit 
(Draft Copy - December 1971) 

- IES Lighting Handbook 
Illuminating Engineering Society 
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Chapter 5 
PASSENGER FLOW 

1- INTRODUCTJON 

The various guidelines in this section have been 
calculated to achieve rapid, safe and convenient 
passenger flow and are to be used by the archi­
tect, to determine the DESIGN CAPACITIES for all 
traffic flow elements within a station (i.e., 
turnstiles, stairs, passageways, etc.). 

Notes All calculations are to be based on hourly 
peaks unless otherwise specified. 
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2 ... MAXIMUM THEORETICAL CAPACITIES 
FOR ALL TRAFFIC FLOW ELEMENTS 
OTHER THAN MOVING ST AIRS 

TRAFFIC 
FLOW EI.D1ENI'S 

- 'nJRNSTILFS 

- HIGH ENI'RACE WRNSTILF...S 

- EXIT GATF.S 

- HIGH REVOLVING EXIT GATES 

- STAIRS 
All stair widths are to 
be designed in multiples 
of two feet wherever 
possible. 

- PASSAGEWAYS 
Any slope up 
to 8 percent 

- RAMPS 
Any slope greater 
than 8 percent 
(not recoonnended) 

3- OPPOSING TRAFFIC FLOW 

MAXIMUM THEORETICAL 
CAPACITIBS 

2,400 persons/hour 

1,200 persons/hour 

3,000 persons/hour 

1,680 persons/hour 

1,000 persons/hour 
per foot of width 
in the up direction. 

2,000 persons/hour 
per foot of width · 
in the up direction. 

1,500 Persons/hour 
per foot of width 
in the up direction. 

For passenr;er flow in opposing directions reduce 
capacities as follows: 

PASSENGER 
FI.OW 

100% in one direction 
75% in one direction 
50% in one direction 
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4 - FUTURE PASSENGER GROWTH 

To provide for future inceases in passenger 
volume, an, additional design reduction factor 
of 50% shall be applied. Se example below. 

EXAMPLE 

Two way turnstile - 75% entering 
- 25% exiting 

1. Turnstile maximum 
theoretical capacity .... 2,400 persons/hour 

2. Provision for pass­
enger flow reduction: 
use reduction factor 
of 20% ................... 480 

3. Provision ror future 
increase in passenger 
volume: use reduction 

1,920 persons/hour 

factor of 50% ............ 960 

4. DESIGN CAPACITY ......... 960 persons/hour 

NOTE: All DESIGN CAPACITIES are to be based 
on anticipated hourly or twenty minute peaks 
as required. 

5. SPEED 

MAXIMUM THEORETICAL CAPACITIES FOR 
SINGLE & DOUBLE WIDTH MOVING STAIRS 

NOTE: The maximum theoretical capacities are 
based upon the following moving stair 
data: 

Speed of 90 feet/minute• 68 treads/minute 
Speed of 120 feet/minute• 90 treads/minute 

- SINGLE: 2 '-8" wid.e (TA permission required) 
3 persons/every 4 treads 

- DOUBLE: 4'-0" wide (recommended) 
3 persons/every 2 treads 
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EXAMPLE 

SPEED - 90 feet/minute 

- SINGLES 
- DOUBLES 

FUTURE PASSENGER GROWTH 

MAXIMUM THEORETICAL 
CAPACITIES 

3,100 persons/hour 
6,200 persons/hour 

To provide for future increases in passenger 
volume apply a 20% design reduction factor. 

SPEED - 120/feet/minute 

- SINGLES 
- DOUBLES 

FUTURE PASSENGER GROWTH 

MAXIMUM THEORETICAL 
CAPACITIES 

4,000 persons/hour 
a,ooo persona/hour 

To provide for future increases in passenger 
volume apply a 25% design reduction factor. 

MOVING STAIRS - speed 120 feet/minute 
- single width 

1. Maximum theoretical 
capacitY•••••••••••••••4,000 persons/hour 

2. Provision for future 
increase in passenger 
volumes use reduction 
factor of 25% .•.••.•••• 1,000 

3. DESIGN CAPACITY 3.000 persons/hour 

NOTEs All DESIGN CAPACITIES are to be based 
on anticipated hourly or twenty minute peaks 
as required. 
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RESERVOIR SPACE REQUIREMENTS 

GENERAL REQUIREMENTS 

- Provide adequate reservoir space for queuing at all 
stairs and moving stairs. The following are 
recommended minimum clearances for various conditions 

- stair to turnstile 
- stair to wall, railing, etc. 
- stair to stair 
- stair to elevator 
- stair and/or moving stair to end of 

island platform 

- moving stair to turnstile 
- moving stair to wall, railing, etc. 
- moving stair to moving stair 
- moving stair to stair 
- moving stair to elevator 

NOTE: The above minimum distances are to be used as 

20ft. 
10ft. 
25ft. 
20ft. 
30ft. 

30ft. 
20ft. 
40ft. 
30ft. 
30ft. 

a guideline, it is anticipated that there will 
be many special conditions that will have to be 
considered on their own merits, however adequate 
reservoir space must be provided at all locations. 
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1 -INTRODUCTION 

Chapter 6 
FINISHES 

The intent of this section is to outline basic 
requirements and criteria for the fini•h materials 
to be used in all public spaces of the transit sya­
tem. It is the task of the Project Architect to 
propose finishes which are most suitable for a trans­
it environment without sacrificing attractiveneas, 
quality or passenger comfort. The Project Architect 
should be aware that the proper selection of finishes 
and general aesthetic considerations will provide the 
passenger with pride for the facility and thereby 
reduce vandalism. 
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2- PROPERTIES 

SAFETY 

-Incombustible materials 
-Adequate anchorage 
-Non-slip Floors 

DURABILITY 

- Non-fading 
-weather resistant 
-strong 
-wear resistant 
-Impact resistant 

MAINTENANCE 

-Dense, non-porous 
-Acid, Alkali resistant 
-Replaceable 

3 - LIST OF MATERIALS SUIT ABLE FOR ST A TION FINISHES 

NOTE 

The following list should be used as a guide 
in the proposal of station finishes. It is 
intended that this list apply to all areas of 
public use. 

The use of materials listed as NACCEPTABLE" is 
subject to consideration of the location, use 
and environment of the particular installation 
and to the final performance standards and spec­
ifications. 

Materials listed as "PROBABLY NOT ACCEPTABLE" 
may be considered if special conditions or 
further product development warrants their use. 

FLOORS - All floor finishes are to meet Transit Authority 
Standards for non-slip qualities. 

ACCEPTABLE MATERIALS 

MONOLITHIC 
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WALLS 

-concrete Toppings 
heavy duty type 

-cement Terrazzo 
special aggregate & installation control 

**-Synthetic Resin TGppings 
polyesters, epoxies, etc. 
heavy commercial & industrial grades 

UNIT MATERIALS 

-Granite 
-Quarry Tile 
-Paver Brick 
-Unglazed Ceramic Tile 
-cement Tile 
-Terrazzo Tile 

**-Synthetic Resin Tile 

PROBABLY NOT ACCEPTABLE 

MONOLITHIC MATERIALS 

-Bituminous Toppings 
**-Synthetic Resin Toppings 

-residential, light commercial grade 

UNIT MATERIALS 

**-Resilient Tile & Sheet Products 
further development of certain rubber products 
may make them acceptable 

-wood Product■ 
-Marble 
-carpeting 

** See NOTE - FINISHES PAGE 4 

ACCEPTABLE MATERIALS 

MONOLITHIC MATERIALS 

-smooth Concrete 
using surface applied finish 
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UNIT MATERIALS 

-structural Glazed Facing Tile or Block 
-Glazed Ceramic Tile 
-Unglazed Ceramic Mosaic Tile 
-ceramic Facing Veneers 
-Porcelain Enamel Panels 

**-High Pressure Laminated Plastics 
restricted locations 

-stainless Steel 
-Bronze 
-Granite 
-Glazed Brick 

NOTE ** It is recommended that to the greatest extent 
possible, the use of Plastics (including fiber­
glass) be minimized wherever possible in the 
underground Rapid Transit system. Plaatica, 
including vinyl and similar floor tilea are 
producers of smoke and/or fumes when in com­
bustion, and often will fume at elevated temp­
eratures lower than the temperature at which 
they themselves support combustion. These 
fumes are often toxic and are not desirable 
within an enclosed system. 

Inclusion of fire retardant chemical• or other 
similar inhibitors in the Plastics will gener­
ally result in the production of even greater 
quantities of fumes often more toxic in nature. 
Fire retardant treatment for wood and other 
substances will similarly produce toxic fumes. 
Some newer and more expensive fire retardant 
plastics have been formulated to minimize tox­
icity or explosivity of gases evolved. 

All fire retardant materials require laboratory 
evaluation for toxicity and flammability. 

The proposal by the designer to us& plastics, 
etc. shall be accompanied by samples with lab­
oratory test results for submission to the 
Transit Authority Engineers for evaluation and 
approval. Strict control will be exerci ■ed as 
to the quantity of plastics permitted within a 
station. 
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4 - ACOUSTICAL MATERIALS 

Acoustical materials in general are quite deli­
cate and easily tampered with. Thus they should 
be located only on surfaces that are not access­
ible to the passenger (i.e. below the platform, 
ceilings, etc.). 

ABSORBING MATERIALS 

Acoustic absorbing materials shall be nonflammable 
durable and washable. Where possible, properly 
designed perforated panels shall be used to pro­
tect the absorbing materials. 

SOUND INSULATING MATERIALS 

' Sound Insulating Materials shall be nonflammable, 
durable and washable. 

ENERGY CONSERVATION CRITERIA 
5- FOR ABOVE GROUND STRUCTURES 

Walls shall have minimum "U" value of 0.12 

Roofs shall have minimum "U" value of 0.12 

Where more than 25% of the exposed exterior wall 
is glass at least one-fourth of all glass sur­
faces shall be insulating glass or storm sash. 
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Chapter 7 
REFUSE DISPOSAL 

REFUSE RECEPTICALS FOR PASSENGER USE 
(STANDARD TA DESIGN) 

- To be located in all station areas accessible 
to the passenger. 

DISPOSAL SITES FOR COLLECTED REFUSE 

TYPES 

- Island Platform 
- Side Platform 
- Terminal Station 

LOCATION 

The disposal site is to be located in an extended 
area beyond one end of the passenger portion of 
the station platform. 
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ISLAND & TERMINAL PLATFORMS 

- one per platform 
- location to be designated 

SIDE PLATFORMS 

- one per platform 
- located at outbound end 

4 - SIZE OF DISPOSAL SITE 

- Clear Height: same as platform 
- Length: 15'-0" minimum 
- Widths platform width less clearance for 

tunnel walkway 

5- EQUIPMENT & ACCESSORIES 

BALING MACHINE 

- one machine 
- used only at sites qenerating a hiqh volume 

of refuse 

REFUSE CANS OR ROLL-ONS 

- as required 

VENTILATION 

- positive system 

SPRINKLER SYSTEM 

- connect to domestic supply 

FLOOR DRAINS 

- provide sedimentation bucket 
- connect to track drainage 

HOSE BIBB 

- one at each site 
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ELECTRIC CIRCUITRY 

- include provision for baling machine at each 
site 

SAND BOX 

- one at each site 

LIGHTING 

6- ENCLOSURE TREATMENT 

Platform End Walls 
- Horizontal closing door with side c&iling box 

against or recessed into wall or su1.~able 
alternative. 

Track Sides 
- Overhead rolling shutter door opeaated manually 

from the duct bench. 
- Alternates 5'-0" high masonry wall with S'-0" 

opening for access to disposal site. 

Interior Finishs 
- Concrete wall surfaces to receive epoxy paint to 

provide easy maintenance. 
- Ceiling and floor surfaces to be dust proof. 

7- GENERAL REQUIREMENTS 

TOOL ROOM 
- include a 12'xl2' room at\erminal stations for 

car cleaner tools. 

whenever battery charging is included, provide 
a mechanical exhaust system. 

DISPOSAL OF REFUSE 

- Collected refuse will be transferred onto work 
trains. These trains in turn will transfer the 
refuse at disposal yards to private collectors. 
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1- GLOSSARY 

N .C.: 

dBAI 

Average Residential1 

Chapter 8 
ACOUSTICS 

Noise Criterion Curve, as de­
fined in NOISE & VIBRATION 
CONTROL, by L. Beranek. 

Sound Level measured on the "A" 
scale of a General purpose sound 
level meter which meets ANSI 
Spec. s 1.4 - 1961. 

Range of expected ambient noise 
levels*1 
Day - 50 to 60 dBA. 
Night - 40 to 50 dBA. 
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Busy Reaidentialt 

Quiet Residential, 

Reverberation Times 

2- STATION LEVELS 

A. UNDERGROUND STATIONS 

LOCATION 

-Platform Level 

Range of expected ambient noise 
levels*s 
Day - 70 to 80 dBA. 
Night - 45 to 55 dBA. 

Range of expected ambient noise 
levels*, 
Day - 40 to so dBA. 
Night - 35 to 45 dBA. 

*The above noise levels are the 
general ambient noise levels of 
the community excluding major 
intrusive noises from aircraft, 
rapid transit and highways. 

The time it takes for the sound 
to decay 60 decibels. 

The following levels for acoustic 
standards are designed to provide 
increased comfort for passengers 
using transit facilitie ■• These 
levels are to be achieved if 
practical. 

CRITERIA 

80 dBA 
trains entering & leaving 

-Platform Level 
trains passing through 

-Platform Level 
trains stationary 

-Platform Level 
only station ventilation 
system operating 

-Token Booth & Dispatcher 
interiors 
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70 dBA 

55 dBA 

45 dBA 



-Maximum platform area 
reverberation time 

B. ABOVE GROUND STATION 

-Platform Level 
trains entering & leavinq 

3- COMMUNITY LEVELS NEAR STATIONS 

1.6 to 2.0 
seconds (at 
250 to 2000 
Hz) 

75 dBA 

The impact of noise and vibration on the community 
adjacent to underground and aboveground stations 
is to be considered in the design of the station. 

In general, it is desirable to hold the airborne 
noise and vibration induced noise to values be-
low the following specified levelss 

LOCATION 

A. Exterior Airborne Noise From 
Above Ground Stations 

- Quiet Residential 
- Average Residential 
- Busy Residential/semi-commercial 
- Commercial/open 

B. Interior Groundborne Vibration 
Induced Noise 

- Quiet Residential 
- Apartments 
- Hotels 
-Auditoriums 
- Churches and Theaters 
- Music Rooms and TV Studios 
- Hospital Sleeping Rooms 
- Courtrooms 
- Schools 
- Offices 
- Commercial Buildings 

c. Exterior Airborne Noise from 
Underground Stations 

SP-8-3 

CRITERIA 

70 dBA 
75 dBA 
80 dBA 
85 dBA 

NC 20 to 35 
NC 25 to 40 
NC 30 to 40 
NC 20 
NC 25 
NC 25 
NC 30 
NC 30 
NC 30 
NC 30 
NC 40 to 45 



Quiet Residential 
- Transient noise 
- Steady noise 

Average Residential 
- Transient noise 
- Steady noise 

Busy Residential/semi 
commercial 
- Transient Noise 
- Steady noise 

Commercial, Daytime use only 
- Transient noise 
- Steady state noise 

NC 40 
NC 35 

NC 45 
NC 40 

NC 50 
NC 45 

NC 55 
NC 50 

The aforementioned criteria can be met through the 
use of reailient track fasteners, welded rails, 
floating track slabs, acoustic barrier walls and 
judiciously placed acoustic absorbing materials. 
The exterior noise should be measured near the 
building in question. 
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1- DESIGN CRITERIA 

Chapter 9 
HANDICAPPED 

Emphasis and consideration shall be qiven to those 
facilities which will make the transit system used 
by the public, accessible to, and usable by the 
physically handicapped, without sacrifice to the 
general public. 

2- DEFINITION 

For purposes of these Standards, the term "handi­
capped person" means any individual who, by reason 
of illness, injury, age, congenital malfunction, 
or other permanent or temporary incapcity or dis­
ability, is unable without special facilities or 
special planning or design to utilize mass trans­
portation facilities and services as effectively 
as persons who are not so affected. 

This definition is in accordance with the Mass 
Transportation Act of 1970. 
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APPL/CATION 

~he needs of the handicapped have been incorpor­
ated into these station standards as follows: 

Exit Gates 

Graphics 

Platform safety edge 

Public address system 

Street entrances 

Telephones 

Television surveillance 

Toilets 

Escalators 

Handrails 

Ramps & gradients 

Snow melters 

Stairs - raisers & treads 

Elevators 

Lighting 

Non-slip floor finish 
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1- INTRODUCTION 

Chapter 10 
REFERENCE DATA 

The following standards, codes and regulations are to be 
utilized and adhered to by the Project Architect. 

2- HANDBOOK OF STANDARDS 

- Structural standards 

- Architectural & Planni ng Guidelines 

- Construction methods 

Track & Power Rail Design 

- Signal Systems 

- Station & Car Equipment 
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- Materials Inspection 

- Environmental Control 

- Graphics Standards Manual 

3- TYPICAL STANDARDS FOR STATION AMENITIES 

- Exit Gates 

- Turnstiles 

- Advertising 

- Concessions 

- Railings & Handrails 

- Telephones 

- Utility Cabinets 

- Conductor's Starting Light 

- T.V. surveillance 

- Passenger Address System 

- Refuse Receptacles 

- Illuminated Entrance Post 

- Token Booth 

4- CODES & REGULATIONS 

- The New York City Building Code is not applicable 
in transit station design, but can be used as a 
guide in areas not specifically covered by the 
Transit Authority structural Design Standards or 
these Station Planninq Standards. 

- All plumbing work approvals and permits shall be 
obtained from the Department of Water Resources 
and Bureau of Water Pollution Control, subsidi­
aries of the Environmental Protection Administra­
tion. 
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- City, State and Federal Health Codes are 
applicable. 

- American Standard specifications for Making 
Building■ and Facilities Accessible to, and 
U■able by, the Phy■ ically Handicapped. 

- Conditions not defined by these Station Plan­
ning Standards or by codes referred to should 
be brought to the attention of the Transit 
Authority, who will i ■sue standards or guide 
lines for the specific condition. 
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INTRODUCTION 

These STRUCTURAL DESIGN GUIDELINES provide a gener­
aZ guide and standard for the design of subways, eZevat­
ed Zines and reZated structures of the New York City 
Transit Authority. 

These guideZines are intended as an aid to, and not 
a repZacement for, sound engineering judgement. 

DIVISION ENGINEER 

LEON ROSSUM 

AUTHOR 

NOEL MARKS 
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A 
1 100.539 
2 100.097 
3 100.097 
4 100.072 
5 100.072 
6 99.972 
7 99.955 
8 99.955 
9 99.907 

10 99.646 
11 99.234 
12 99.067 
13 99.027 
14 99.025 
15 99.024 
16 97.347 
17 97.347 
18 97.347 
19 96.561 
20 95.244 
21 95.244 
22 0 
23 -199.928 
24 -200.163 
25 -202.653 
26 -202.653 

Chapter 1 
DATUM TABLE 

COMPARISON OF DATUM PLANES 

B DESCRIPTION 
+3.192 BOROUGH PRESIDENT OF RICHMOND 
+2.750 N.Y. CENTRAL R.R. 
+2.750 BOROUGH PRESIDENT OF MANHATTAN 
+2.725 L.I.R.R. EXCEPT BAY RIDGE DIV. & TUNNELS 
+2.725 BOROUGH PRESIDENT OF QUEENS 
+2.625 WILLIAMSBURGH BRIDGE 
+2.608 BOROUGH PRESIDENT OF BRONX 
+2.608 NEW YORK, NEW HAVEN & HARTFORD R.R. 
+2.560 BOROUGH PRESIDENT OF BROOKLYN - HIGHWAYS 
+2.299 QUEENSBOROUGH BRIDGE 
+l.877 BROOKLYN BRIDGE 
+1.720 BOROUGH PRESIDENT OF BROOKLYN - SEWERS 
+1.680 BROOKLYN WATER SUPPLY 
+1.678 L.I.R.R.-BAY RIDGE DIVISION 
+1.677 MANHATTAN BRIDGE 

0 BOARD OF WATER SUPPLY 
0 u.s.c. & G. SURVEY (MEAN SEA LEVEL, SANDY HOOK) 
0 WESTCHESTER COUNTY PARK COMM. 

-0.786 CROTON AQUEDUCT 
-2.103 DEPT. OF MARINE & AVIATION 
-2.103 NEW YORK CONNECTING R.R. 

-97.347 N.Y.C. TRANSIT AUTHORITY* 
-297.275 PENN. TUNNELS (2.725 = 300) 
-297.275 L.I.TUNNELS OF THE PENN.R.R. (2.490 = 300) 
-300.000 PORT AUTHORITY TRANS. - HUDSON 
-300.000 NARROWS TUNNELS 

To obtain from any given foreign elevation the corres­
ponding elevation referred to the Transit Authority datum 
plane: add to the given elevation the figure shown in column 
A. 

Column B shows datum in relation to U.S.C.& G. survey datum. 

*Elevation 100 of Transit Authority is 2.653 ft. above 
Mean Sea Level at Sandy Hook. 
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Chapter 2 
CLEARANCES 

I - LATERAL CLEARANCE 

1. The net line of a structure shall preferably be 
not less than l'-6" from the building line. Where this 
distance is inadequate for construction work a temporary 
easement may be necessary, unless underpinning is provid­
ed under the building of such a type that it will act as 
a sheeting. In the latter case, the subway design and 
specifications shall be such as to definitely require the 
Contractor to do the work on this basis. 

2. Where a sewer is located between the subway and 
building walls or vaults, the clear distance shall not be 
less than the maximum external diameter of the sewer and 
in no case less than 3'-6". 

3. The amount of permanent easement to be taken 
outside of the net line of a structure encroaching on 
private property shall in each case be discussed with the 
Construction Division, but shall generally be not less 
than 1 ft. 

4. The standard distances from centerline of tan­
gent track to l of subway columns, benches and platform 
edge are shown in Figs. lA to lF. The distances are to 
be increased on curves to allow for superelevation, cen­
ter and end excesses. 

7'-1 '' 

IRT 

Figure 1 
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Figure 1 (Cont'd.) 

5. Where safety niches cannot be provided in an in­
terior wall for a length of more than three consecutive 
bays, or 15 ft., the minimum distance from centerline of 
track to face of wall shall be 7'-0" on tangent, to be in­
creased by the required amounts on cu~ves. 
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THICK PRECAST CONCRETE 1 
.,_......-+---

CLOSURE PANEL 
SEE NOTE I. 

I 

TYPICAL PART PLAN 
OF CENTER WALL 

NOT TO SCALE 

I. ELIMINATE C'_QSURE PANEL FOR ACCESS 
(APPROXIMATELY EVERY 300 FT.)AND AS 
REQUIRED FOR EQUIPMENT PURPOSES. 

MODIFICATION TO CLEARANCES 
2 . DISTANCES FROM CENTERLINE OF TANGENT BETWEEN CENTER WALL AND 

TRACK ARE TO BE INCREASED ON CURVES 

TO ALLOW FOR SUPERELEVATION, CENTER CENTERLINE OF TANGENT 
AND END EXCESSES. 

3. ALLOWANCE FOR ENCROACHMENT NOT TRACK FOR IND- BMT 
INCLUDED. SEE SECTION II STRUCTURES 
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II - PERMISSIBLE ENCROCHMENTS ON LATERAL CLEARANCE 

7. The value given in Fig. lA for the distance from 
centerline of tract to of an interior column provides 
for a normal clearance of l'-6" on tangent. This clear­
ance shall generally be maintained on curves but may, in 
special cases, be encroached upon to the extent specified 
under Subsects. a to d below. Only where the encroachment 
would exceed the-amounts therein given shall the distance 
between running tracks be increased. 

Encroachment is permitted as follows: 

a. At turnouts and cro3sovers, to the extent of 6 in. 
on the turnout or crossover track. Additional encroachment 
shall be taken care of by setting out the columns to en­
croach on the adjacent running track up to a maximum of 
3 in. (See Fig. 2) 

1 I l I 

l % % .r t 

e. oF Tr11_e,_")(___.1'--_ 

Figure 2 

b. At turnouts back to back, to the extent of 9 in. 
on each turnout track (See Fig. 3). Encroachments ex­
ceeding 6 in. shall, however, be avoided wherever practi­
cable by staggering the switch points and offsetting the 
columns, or by using higher frog numbers or long span 
roof beams. 
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~oF Turnout 1roci< • 
---- - - - --=--- ~ ------.--'- of Track 2 

ti'mox. encroochl7Mnt 
% % ~ z % % % 
on tvrnovt /rock., 

Z 1 

., 
No e11croochmtlf'lf 1.1 

Z 1 i 1 X 1 
on runmng troek6 • 

• I 
(9 

--- . 
----l-E. oF "Turnoul 77-ock 

Figure 3 

I % 

L oF Trod<// 

c. Rf th4 junction~ or curved and to~nf trock.:,, to !fl! ex­
tent or .Sin. on each frock {~Fig.4) 

Figure 4 

d Ylhere column.:, oF iner~d deplh ore requil?!!d /JetJ+'e~n 
tn,c~, or w!Mra colul'11f'1tl an, e~ in conc~te, the encrooch­
rnenl moy b~ 3 in. en each frock ( ~ r@ .5 J, excepf a.!! proYid­
ed in ~ec!. 6 

' 
\() 

_ __;'-~Pf lroc,t-? ........ __ 
.3inor. encrooc/lmenf 

on eoeh truek 
15:..0" 

' 
,'fl 
~ 

__ t o(.Trock?---A-_ 

/It 5tation8 
Figure 5 
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8. No encroachment is permitted at sidewalls facing 
turnouts or crossovers. Such sidewalls shall be set out 
to allow for the full amount of clearance. (See Figs. 6 
and 7) 

Nu1nllt!r di column., 
,,et out NIii yory, 1---­
dePe nding on t 
t/7ie rodiu:, oi 
,,,,,~ turnout 
cvr~. 

#umber cl co/uvn., 
!J6t out ;,vJ/1 vary. 
depending on 
t .fJ€ rodiu~ or 
tl'Je turnout 
curve. 

trractl-
t fturn~ -- _ ~ - t of lrack.:2_ ' 

0r-3-=londi= -'Ord c/eoronce p/u5 (!;C8.!J~ -~ 
r ror tL1rnoul' trocK c;_S.de)t'(J// Cols.· 

.Side>Voll with LoJ't' Bench 
Figure 6 

Z-dge ol'highb4nCh 

.Sidewall with High Bench . 

Figure 7 

Ill - VERTICAL CLEARANCE 

9. The minimum distance from street or ground surface 
to top of roof of main subway structure shall generally be 
6 ft. over tracks and 5 ft. over mezzanines. 
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For special conditions, and under private property, 
these minima may be reduced as follows: Auxiliary 
structures, such as fan chambers, rectifier stations, en­
trances, passageways, etc., occupying relatively small 
areas of the roof surface, may have 2 ft. minimum cover, 
provided conditions are such as to permit a satisfactory 
relocation of subsurface structures. The minimum cover 
for auxiliary structures under sidewalks shall be 6 in. 

The Supplementary drawings and the Construction Div­
ision shall be consulted to provide for additional clear­
ance, where necessary, for sewers, street ducts and other 
subsurface structures. Raising the street or ground sur­
face shall be considered as a possible economic measure. 

10. In general, the depth of the Base of Rail below 
street or ground surface shall be about 21 ft. At mezza­
nine stations it shall be about 42 ft. The distance be­
tween Bases of Rail in double deck structures or at sub­
way crossings shall be about 16 ft. 

11. The distance from Base of Rail to underside of 
subway roof or mezzanine floor shall be not less than 
13'-2". Where roof members have lower cover plates which 
are not embedded in concrete, the distance shall be not 
less than 13'-2 3/4"to underside of lowest cover plate so 
as to allow for rivet heads. At vertical curves, addi­
tional allowance shall be made for vertical center or end 
excess (S~e Sect.21). 

12. In elevated structures, the minimum vertical 
clearance for girders shall be 14 ft. over roadways. 

For clearance to be provided over railroad tracks, 
the railroad company concerned shall be consulted. 

IV - FORMULAS FOR TURNOUTS AND CROSSOVERS 

l3. Formulas for turnouts from tangent tracks, as 
well as for crossovers, are given in Fig. 8, and the cor­
responding values for standard frog numbers are given in 
Table l, page SD-2-8 
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NO. 

~ 
7 
8 
9 

10 
12 
15 
16 
18 
20 

? I 
I\.) 

I 
oo I 

. 
FROG RADIUS 

ANGLE A-0 C-D 
11 U_2! I -1

1
g" 235.417 46.617 

90-3 I 3 11 339.000 56.110 
8°-10 1 -16 11 461.417 65.582 
1°-09 1 -10" 602.667 75.040 
6° 21'-35" 762.750 84.489 
5°-43 1 -29" 941.667 93.932 
4°-46 1 -19" 1356.000 112.804 
3°-49 1 -06" 2118.750 141.093 
3°-34'-37" 2410.667 150.520 
3°-10 1 -56" 3051.000 169.369 
2°-51'-51" 3766.667 188.216 

R ~j-~ '..I 
,-..: 
"v) "" zgn 

~ tJnZ 

-j~"'L t 817--;Jnz+r ~ _, I 

R 

-
C 

/4,,,7. 

k~ 
I 

I~ 
:o~ 

iij H:m 4;~-1 ~zg17 

LENGTH CF CROSSOVER "H" 
TANGENT LEAD FORM= 

A-B A-G 11 1-6 11 1.U 1 -0" 141 -h" 
2g.542 4l.0~3 ll~.90$ 116.384 118.B5i 2 .250 5 .500 13 .93 139.917 142. 9 
32.958 65.917 159.936 163.418 166.900 
37.667 75-333 182.910 186.894 190.878 
42.375 84.750 205.874 210.~60 214.846 
47.083 94.167 228.831 2~3- 19 238.806 
56.500 113.000 274.717 2 0.706 286.696 
70.625 141.250 343. 523 351.015 358.507 
75.333 150.667 366.462 374.454 382.447 
84.750 169.500 412.317 421.310 430.303 
94.167 188.~13 458.167 468.161 478.155 

TABLE I 
F•rrogonge 
n -Frog number 
g •Oollfle or roils I 4'-etz"'.,4. 70833) 

( log.• O.G7c8(;7Z) 

m=Disronce between cent-er 
line:, or tong~nt frack.s. 

/l A• 

~I. ~1:i \} ~ 1-.} ~ 
~ ct C) <;t:: ,{) '--

• • "' ½ ~ 1/) .. 

~ ~ .~ 

Figure 8 

rS (::TRUCT) 
TO 

PS (ACTUAL) 
4 
1.067• 
3.872 

10,852 
16.626 
10.493 
14.972 
25.072 
19.133 
23.921 
3~-940 
4 .417 



V - CRANDALL'S TRANSITION CURVE 

14. Crandall's transition curve i s a double spiral 
coiling in opposite directions, as shown in Fig. 9. Its 
curvature at any point is proportional to the distance 
from its point of zero curvature as measured along the 
curve. Transitions are used for effecting a gradual 
change in centrifugal force when trains are entering or 
leaving curves, and also for securing additional clear­
ance between concentric circular tracks. 

15. Notation (See Fig. 10) 

P.T.C. = Junction between tangent and transition at be­
ginning of curve. 

P.C.C. = Junction between transition and circular curve. 
P.T.T. = Junction between transition and tangent at end 

of curve. 
x,y = Coordinates of a point on transition curve. 

• ' 0 
1,1 = Angle turned by curve at point x,y (in radians 

and degrees.) 
~ = Length of curve from P.T.C. to point x,y. 
r = Radius of curvature at point x,y. 
X,Y,I,I~L,R = Corresponding values at P.C.C. 
F = Lateral throw of circular curve due to transi-

D 
T 

V 
k 
n 
Q 

tion 
= Abscissa of center of circular curve. 
= Abscissa of point of intersection of tangents, 

P. I. 
= Angle 
= 1/..er 
= Q/L 
= Value 

(log. 

formed by tangents. 
( a constant.) 
(quotient of lengths~ and L. 
in degrees of one radian= 57.29578 ... 
= l. 7581226.) 
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CRIINDRLL'8 TRAN8ITION CURVE 

\ 
\ 

\ 

' ' ' \ 

.x 
0 

PT.C. 
d,­f----------

l 

'\ 

' ' 

I Center Pf tron~itio~d / 
I Clrcvlar Curve 
I 

' 

Figure 9 

T 

X 

Figure 10 
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DERIVATION OF FORMULAS ----------------------
16. By definition: 

1 di 1 1 
,=-= d.e=Kt .. (I); R=KL .. (2);K=RL .. (3) 

Substituting (3) in (1) and 

_£2 
i=2RL ... . .. (4 ) 

•O Q_€2 (6) 
1 =2RL •••• • 

.o .£ 2 Io o 
1 =- =n I·· (8) 

L2 

According to general theory: 

dx =di? cos i · and 

or, substituting from (4): 
,e2 

dx= d..Qcos 2RL and 

integrating; we have 

I=-'=-
2R 

Io= Q L 
2R 

dy=d.fsini 

..... (5) 

( 7) 

. 12 
dy= d£s1n -- • • • • (9) 

2RL 
By expanding the cosine 
series and integrating, 

and sine functions in (9) into 
we have, after substituting from (6): 

• 0 2 
X =.Q-.Q(-'--

- I0Q2 
and 

• 0 4 .o 6 
I + I ) 

216 Q4 9360 Q 6 - •• 

jO j03 j 05 

1.=£( 3Q - 42Q3 + 1320 Q5 - ••• ) 

(10) 

17. La~eral Throw,_Len~th of Tan~ents. The transition 
causes the circular curve to be thrown off laterally from 
the tangent by an amount: 

F=Y-R(1-cosI 0
) • • • • • • • • • · · ··· ·· .(II) 

the abscissa of the center of the circular curve being: 

D=X-R sin I° ·· · · · · · · · · · · · · · · • · · (12) 

For the tangent lengths T and Tt (Fig. 10) of a curve 
transitioned at both ends we have: 

. V F 1-F 
T=O+(R+F)tan 2 + . 

Stn V .. ........ (13) 

T 1=D1+(R +F~tan _y_ + F_- F 
1 

2 sin V 
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VI - VERTICAL CURVES 

18. Vertical curves are used in changing from one 
grade to another. They are parabolas with their axes 
vertical and are rated by the changer of grade effected 
in a distance of 100 ft., the change 6eing expressed in 
per cent: 

y 

X 

Figure 11 

19. Notation (See Fig. 11) 

P.V.C. 

P.V.T. 

P.V.I. 

D 

T 

= Junction between tangent grade and v.c. at be­
ginning of curve. 

= Junction between v.c. and tangent grade at end 
of curve. 

= Point of intersection of tangent grades, pro-
duced. 

= Rate of vertical curve - in per cent per 100 ft. 
= Coordinates of a point on vertical curve-in ft. 
= Coordinates of P.v.c. - in ft. 
= Grade at point x,y - in per cent. 
= Tangent grades at P.v.c. and P.V.T., respective­

ly - in per cent. 
= Horizontal distance from P.V.C. to point x,y - in 

ft. 
= Horizontal distance from P.V.C. to P.V.I. - in ft. 
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L = Horizontal length of vertical curve - in ft. 
K = Vertical offset of point x,y from tangent 

grade g, produced in ft. 

20. The equation of a vertical curve, referred to its 
apex Oas origin, is: 

x2 r 
y= 2 10000 . . .. . ... . ... . .. (I) 

giving for the grade at any point on the curve: 

CJ =~=x r . .. . .. .. . .. . . 
100 dx 10000 

. (2) 

At P.v.c., accordingly, 
x2 

- I Y1- -2-
Considering eqs. 
set of point x,y 

r 91 r 
1000 0 ' I 00 = x, 10000 •••• • (3 ) 
(1) and (3), we have for the vertical 
from tangent grade g 1 (See Fig. 11) 

g, 
K=y-y - - (x-x 1) 

I 100 

x2 r 
=2 10000 

2 
x, r r ( ) 2 10000 -x, 10000 x-x, 

=--'--10000 

or 

off-

The length L of vertical curve required for joining 
grades g 1 and 9?; Fig. 11, is equal to x2 - x 1 , or, ac­
cording to Eq. 12), 

L= g,-g2 100 ft. 
r 

Since in any parabola a diameter through the point of 
intersection P.V.I. of two tangents bisects the chord 
through their points of contact with the curve, we also 
have: 

SD-2-13 



21. In figuring vertical center and end excess, the 
radius of the vertical curve shall be taken as 10000 ft. 

r 

L, 

VII - EXCESSES 

L1 = ~ 100, where 

L 1 is distance from 
P.V.C. to low or 

high point of verti­

cal curve when grades 
g1 and g2 reverse di-

rection or one grade 

is level. 

Superelevation excess on transition curves when 
superelevation at P.C.C. is known:-

where:-

Es = 
s = 
B = 
Ls = 
h = 
6 = 
6 = 
A = 

B-6 h 
Es=S(l- ls) 4.7083 

Excess in ft. due to superelevation. 
Superelevation in ft. at P.C.C. 
Distance in ft. from P.C.C. 
Length of Track from O Superelevation to P.C.C. 
Height above B. of R. to be considered for excess. 
20 for 51' (IRT) cars 
25 for 67' (BMT-IND) cars 
30 for 75' (BMT-IND) cars 
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I) 

t) 

,) 

4) 

~) 

~a) 

6) 

7) 

'5) 

~) 

,O~MULA:5 ~ ENDI, CENT£~ EXCC.~E~ 
ON TRAN~ITION CURV~S 

.,...__.:;:~'9,.____~---.--'~~r___,,,.___.,'t..---~, ---
t 

,.....___..__.....,. 

~ 

~
., (. . 

E.£.• T 31qn cons,der«I) 

E.E.• C1Jz~' (3.xtt) 

E.~.a 1h [(,+t)(.Jx+f)-(.r•L/"+z)i_J 

E.E.• 1i,/-t 

C.E.= ~ ~' (3i9n con3iderwd) 

C.E.• J, u.:t ll4 .x• 
RLl - -~'-

C£,:: ,ltL [x(z•--r') +(X1+ i•J*] 

C.E. • Z~lL. [3/ 1.x. +r( L-x--j )'] 

c.~.• zJ/lr[3l6
L-Z(L-X+ :)'} 

cc.-J;-

E.£. " E.nd EJtc••• 
C.E. • Center E1tceN 
X a Dits+cnc• fro_mAT.C.+o po,nf c:or,:,id.re~(Plu$4ri,J,f, ,,.,,;r,u.J.Jr(f). 
t • l.!~f J, of s,d. or cor. . 
1 • 01:,tonce l:,ef,.,,,,•n Truok. P1tt110r•. 
, • O'#rhar.9 of ~nd of Car. 
L • Len9fJ, of 71-onsir,on. 
R • ~ad,~ of circulor Curw,. 

NOTC:-

,d,o""9 val~ e.w pr•:1•.d ;,, rt. 

SD- 2- 15 



I 

End 

EXCESS CLEARANCES FOR CARS EITTERING CIRCULAR CURVES-BMT-IND 67 FT. & 75 FT. CARS 

Distance in ft. 

from P.C. 

III IV 

Ct, nter E.xccss 

HiQh * 
Duc t 

V I VI 

For Maxlmura 

30 Miles per Hour 

Local Tracks 

I 

VII 
I 

VIII 

Speed of 

40 Hile• per Hour 

Expreu Tracks 

\./all HiOh • Hi9h • 
E=--'x~c;.;:e;.;:s_s-+----------=~,..,...,,,....__;B:_;G~..:'':.:.-n.:_::c;.:.:h~f---4Du_c_t_B_e_n_c_h_-+-__ w_.1_1_1 __ -+-D_u_c_t_B_e_n_ch_~ ___ w_a_l_l __ -.j 

FRONT 
262 

262 

262 

21>2 

262 

262 

262 

250 

213 

170 

131 

98 

70 

46 

27 

13 

4 

0 

FRONT 

I 

I 1 
C1' 

I 
'c:i l 
' : 

~ I 
\() I 

l §l 

l I i I 
~ REAR \-i 

67UCar 
REAR 

-30 365 

-25 364 

-20 356 

-15 3 38 

-10 310 

-5 269 

0 216 

5 161 

10 117 

15 81 

20 54 

25 34 

JO 19 

35 9 

40 4 

45 1 

so 0 

75ftCar 55 

282 

282 

279 

268 

246 

213 

167 

120 

82 

54 

32 

18 

8 

3 

1 

0 

605 

604 

596 

578 

550 

509 

456 

401 

357 

321 

294 

274 

259 

249- .0 1 

244-.02 

241-.03 

240-.04 

240-.04 

913 

913 

910 

899 

877 

844 

798 

751 

713 

685 

663 

649 

639-.02 

634-.05 

632-.07 

631- .09 

631-.12 

631-.14 

792 

791 

783 

765 

737 

696 

643 

588 

544 

508 

481 

461 

446 

436-.01 

431- .02 

428-.03 

427-.04 

427-.04 

1404 

1404 

1401 

1390 

1368 

1335 

1289 

1242 

1204 

1176 

1154 

1140 

1130-.02 

1125-.05 

1123-. 07 

1122-.09 

1122-.12 

1122-.14 

For any station not given, located B ft. from 

P.C., amounts to be aubtrocted are: 

B-30 
565 

I B-25 
215 

B-30 
565 

B-25 
215 

To find End Excess or Center Excess at any station, divide corresponding figure in Col. I, III 
or IV by~ (radius of curve in ft.). 

To find Total Center Excess at Duct Bench or Wall, d1v1de left-hand figure in Col. V or VI 
(VII or VIII) by~ and subtr.1ct right-hand figure, where given. 

Values thus obtained arc expressed in ft. 

Full superelevation assumed at P.C., tapering l in. in every 40 feet. This presupposes that 
a sufficient len~th of tangent track is available for the run-off. (Minimum radius= 230 feet) 

The entire car is assumed tilted same amount aa front truck. The table doe• not apply to 
sharp curves, where transitions ore required. 

i- Top of Duct Bench is 4'-o" above Bose of Roil. 

NOTE: Columns I, IV, VI and VIII refer to the 67 ft. car. Columns III, V, and VII refer to the 
75 ft. car. 
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EXCES5 CLcflRfiNCES FOR Cl1R3ENTE/f'/NO CJRCULfilf CuRVE5 

/Rr CAR (5!'-4" C4RS) 

I II Ill N I .Y 

.end 01~tonce 1i1 /'t. Center Toro/ Center c~cess 

I 1:-omP.c flig_h • 
Exc~ss B EAcess Duct Bench Wall 

1.32 
~,.. 

-25 /(;2 402 79.3 

13Z : - .-- I ~ -eO /~2 402 793 _, 
(l 

400 791 1~2 - 1--- --4 - 1,5 l (i,0 

1.32 

I 
- 10 150 ..390 7-'1 

1.3c -..5 129 ..¼9 ?r.O 
: 

of'C. !32 C) 0 96 ...J?,C 727 _, 

l cO ~ ...5 GI 3 01 G'3Z 

90 10 ..36 27G 6G7 

~4 16 18 zs9 G.50 

43 20 " 24~ 6.!J9 

:~ - -• 
c ri, 26 .., 24.3 ~34 

I.) 

1-3 
_.__ 

--30 0 240 - .0.3 G.3/ 05 ,, l!. " 
-

..5 36 240 - .0.3 ~.3/ - .O? I 

I 40 240 - .04 G:3/ - .09 

0 46 'c40 - .04 G~I - .IZ 

I ..50 240 - .0.5 f4.3/ - ./4 

For any ofotion not given, lo -

~ ~ coled B f"t f"ron 7PC., amount::, lo be 
~ubt roc ted Jn Column::, IY ondy ore: 

To Find fnd Exc~ss or Cent~r E.Jt.ces.s at any :Jto tlon, a'iv1de corre.spont:11~ 
Flgllre 1a Co/limn .ror m by R (radius ofcurve1nf'I) 

lo Find 7ofal cenrerExce.ss of Duct Benchor Woll divide le/"/ ho11d figure 
in Co/limn .IY or ~z- b_y Rand su/Jlroct nght hond figure ,where given 

Values thus obtained an!!e;-pres~ed infi. 

Full .supere/eYolion oMurned ol PC, tapering / )17. 111 every 40 ti Thi!J 
pr~.supposes tlloto .surf'i c /ent l~ngrhoF tong~nt- frocx is o vo i loble 
ror the I vn - o.rr. 

The~nf-ire cor 1°!J o.s~umed tilted .!!Jame amount o:5/"ronr truck. The 
toble d oes n of opp(y lo ~harp curv~sJ where fron!Jition.!J ore required 

IJ! Top of Duct Bench is 4 '-o"above Base of Rail. 
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D/fl(JRRM ~HOW/NO NORMflL CLEfllrRNCE 

FOR 67 ff CAR (BMT ¢ IND DIV/5/0NS) 

--- .., 
r-t-1-----.--- • 

- ---- -- ": I ---. o . 
I 

I ~ 

I 
- --+--+-------=~'-" "'· _ __ __.----l-+---

~ '-,0 ~· 
- --- - -- - -----+--+-+-

5 1- 6 11 

5'-4 II 

- -- - ..J 
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D 
E 

T 

u o '- o "· 

f 5trvcturr:,I Cleorvnce Line 
for In~r n,ed!o~ Wol~ and 
CoJJnns and for .!J1de lt'o/1~ 
w1lf?out Duct t,ench (MaKi-

m1117 E11crood?mt1n+ of 3 • 
Pe,-rnifted along infer ­
rrediafe Wollsond Co/umn3 
ot tsofof,:.d Poi nf.s. No En-
crochm~nt A!-rm i tted 
at Side walls.) 

I 
I 

~ 
lfructurol Clttoronce i.in6 

For ~k:fe,.r,I/ with Ouc -
e,.nch. (No e"ncr~ 
~rrnitt~d.J 



DIAGRAM SHOWING NORMAL CLEARANCE 
FOR 75 ft. CAR (BMT 8 IND DIVISIONS) 

R 

N 
I ,., ... .., 

~ 
.., , 
C 
0 

=a:, ... _-.;;;: 
0 

Q u -N 0 

ti 

FROM (. BASE 

·--+L- of CAA of RAIL 

. -::-+!2-- 3'-6" o•- 54y64 A 

N 
Limit ing Lint of B 5' o

9
~" • 6 o'-s\" . Lin• Equ ipment 

5'-2 ~" 1'-2 !-'." 
~ 

C 16 4 

D 5'- 2 r4" 1'-81/a· 

El 5'.4 7'1, " 
16 4 •- 02~2 

l l~ " R E2 5' 4
1
'" 4 '- 0 2~' • 6 

16 
5 '. 4137, .. 4'- 09~ " I 

E3 16 16 

!~1
1
~R 

F > 7,'/, II 
5'-o 2r3 ~' 5 -5 8 

' I 5 '.5 ~" 6'- 3 1 " 6 ' • 6
00 G 4 32 

H 5 '- s ~8" 7 ' .7 x6· 
JI 5'.5¾2' 9'-617'5" 

*
Safety 
Zone 

J2 5 ·. 43/e" 10'-2
1¼6' ' 

' 5'. 41, " 10'- 6 
II 

:1 
K 32 16 

5'-2 1." 10'-7
2
\~' 

I 
f 
It 

DETAIL "A" Vi I 

CAR THRESHOLD 

.. 

\ 

'D 

Contact Shoe ,, -JJ 
Lateral t +--loVR , C 
Mollemtn_.!_i L I ~ , 

--rr-1,,; · I 

----- a) A 

Bou of Roil 
----t----L--
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SEE 

--

L 8 

M 4 '. 3;~· 10'-62 
II 

32 

N 3' . 9" 12'-1 3/4" 

0 2'-9" 12'- 6 ,
8
" 

p 1'-9 " 12'-8
17." 

16 

R o '-o " 12 '-1018" 

DETAIL "A" 

I 

__ I 0~:~1 

STRUCTURAL CLEARANCE LINE FOR 
INTERMEDIATE WALLS AND OOWMNS 
AND FOR SIDE WALLS WITHOUT DUCT 
BENCH (MAXIMUM ENCROACHMENT Of' 
3"PERMITTED ALONG INTERMEDIATE 
WALLS AND CQ.UMNS AT ISOLATED 
POINTS. NO ENCR~CHMENT 
PERMITTED AT SIDEWALLS) 

STRUCTURAL CLEARANCE LINE FOR 
SIDEWALL WITH DUCT BENCH 
(NO ENCROACHMENT PERMITTED) 
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Chapter 3 
LOADS AND STRESSES 

TO BE USED IN DESIGNING SUBW A VS, 
TUNNELS AND ELEVATED STRUCTURES 

I - DEAD LOAD 

1. The dead load consists of the weight of the struc­
ture plus any stationary load it may have to carry. 

2. Cover Load on subways is defined as the combined 
weight of the roof construction and the overlying earth and 
is considered equal to that of a layer of dry earth of a 
depth as from the underside of transverse roof members to 
the ground or street surface. If the top of the roof is 
below water level additional allowance shall be made for 
the greater weight of saturated earth. For roofs with 
ceiling approximately flush with underside of roof beam, 
add to cover load 75 lb. per sq. ft. of roof surface for 
every ft. of depth of roof slab. 

3. 

Material Wei~ht-lb./cu.ft. 

Steel - - - - - - - - - - - - - - - - - - - -
Cast Iron - - - - - - - - - - - - - -
White Oak, Yellow Pine - - - - - - -
Fir, Spruce, White Pine - - - - - - - - - - -
Timber, treated - - - - - - - - - - -
Stone Concrete, plain or reinf. - - - - - - -
Cinder Concrete - - - - -
Earth, dry - - - - - - - - - - - - -
Earth, saturated - - - - - - - - - -
Rock - - - - - - - - - - - - - -
Brick Masonry - - - - - - - -
Stone Masonry - - - - - - - - - - - - - -
Crushed Stone, Gravel - - - - -
Water - - - - - - - - - - - - - - - - - -

**For green timber, add 25%. 
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4. Load on Tunnels. In designing subaqueous and rock 
tunnels, eacfi case shaff be considered on its own merits. 
In no case shall the load on top of rock tunnel* roofs be 
taken as less than that due to a 10 ft. layer of rock. 
*18 rt. diameter 

5. Miscellaneous, for Elevated Structures: 

Canopy Roof - - - - - - - - - - - - - 20 lb./sq.ft. 
Wooden Flooring for Platforms and 

Mezzanines - - - - - - - - 25 lb./sq.ft. 
Ties, Rail and Service Walk in open 

floor structures, for each rail - - - - 220 lb./lin.ft. 

II - LIVE LOAD 

6. The Train Load on subway and elevated tracks shall 
be taken as a continuous train of cars with axle loads of 
the amounts and spacings given in Figs. lA to lC. For max­
imum values of shear, moment or floor beam reaction produc­
ed by BMT or IND loadings, see Table l. See also Sects. 16 
to 18. 

Ir .: ~ It ~ lt ~ ~ lC k le le 
"l;t-C'P) "")~ - <:) (:) - ~ ::;I ,,, . 
"'> 78 1.., . ... "t • II"') I') 

t!0!1t 3.3' tt .34' !1! 3J' t7tot7! 3J' 

Figure lA (BMT DIV. CAR LOADING) 

le ~ ~ le It lt le lt le .. .. le 

~ "' ~co ~ ~. ~ ~ coco "it~ 

"' • •"' (\I 
1"> "' C\J "'1 1"'> 

--- ii.sit ttsi! iisit ---
..38' -38' J~' .3~• 

Figure lB (IND DIV. CAR LOADING) 

SD-3-2 



Figure lC (IRT DIV. CAR LOADING) 

7. Where the structure supports Railroad Trains, the 
design shall be made in accordance with the requirements of 
the railroad company concerned, provided those of the T.A. 
are not more severe. 

8. Im~act is considered for trains 
and elevated-trains, the loads specified 
be increased by a percentage I, as given 
formula: 

150- t - - - - - - - -
I= 450+ L 100 

only. For subway 
in Sect. 6 shall 
by the following 

- - - - - - - (1) 

where: I = Increase in percent of the live load on a 
single track. 

L = Length of span in ft. 

For members supporting several tracks, such as cross 
girders and columns, L • Length of adjacent spans for one 
track only. For values of I see Table 2. 
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TABLE l 

SHEARS, BENDING MOMENTS AND FLOOR BEAM 
REACTIONS FOR STRINGERS ON STRAIGHT TRACK DUE 

TO TRAIN LOAD ON ONE RAIL. IMPACT NOT INCLUDED 
(FOR BMT & IND CAR LOADING) 

Span Shear Moment F.B.R. Span Shear Moment 
Ft. Kip Ft. Kip *Kip Ft. Kip Ft. Kip 

6 20.50 30.75 20.50 46 51.00 517.48 
8 23.00 41. 00 23.00 48 51.71 551.17 

10 26.50 51.25 26.50 50 52.36 584.89 
12 28.83 61.58 28.83 52 52.96 618.62 
14 30.50 80.39 31.57 54 53.52 652.37 
16 31. 75 99.56 34.00 56 54.04 686.15 
18 32.72 118.97 37.78 58 54.52 719.94 
20 33.50 138.55 40.80 60 54.97 753.74 
22 34.14 158.25 43.27 62 55.69 787.55 
24 35.42 178.04 45.33 64 56.68 821.38 
26 37.92 197.90 47.08 66 58.22 855.22 
28 40.07 221.20 48.57 68 59.67 889.06 
30 41. 93 249.48 49.87 70 61.04 922.92 
32 43.56 282.76 51.00 75 64.13 1007.59 
34 45.00 316.13 52.00 80 66.84 1092.30 
36 46.28 349.56 52.89 85 69.24 1177.05 
38 47.42 383.06 53.68 90 71.36 1304.72 
40 48.45 416.61 54.40 95 74.27 1436.33 
42 49.38 450.20 55.05 100 77.06 1568.22 
44 50.23 483.82 55.84 

*For two adjacent spans of equal length. 

Adj. Spans F.B.R. Adj. Spans F.B.R. 
Ft. KiF Ft. Kip 

30 & 35 51.89 35 & 35 52.46 
II 40 53.41 II 40 53.98 
I 45 54.59 II 45 55.16 

50 55.53 II 50 56.95 
55 58.20 ' 55 60.37 
60 61. 05 60 63.21 
65 63.46 65 65.62 
70 66.12 70 67.69 
75 68.61 75 69.48 
80 70.80 80 72.37 
85 73.06 85 75.04 
90 76.00 90 77.42 
95 78.63 95 79.55 

0 & 100 81.00 35 & 100 82.00 

F.B.R. 
*Kip 
57.92 
59.99 
61.89 
63.64 
65.81 
68.04 
70.45 
73.03 
75.45 
77.72 
79.85 
81.85 
83.74 
88.03 
91. 78 
96.21 

101.53 
106.29 
111.49 

In designing sections, the effect of dead load and im­
pact shall be added. Where stringers are spliced for moment 
at supports, shears and floor beam reactions shall be in­
creased 25 per cent. 
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TABLE 2 

IMPACT INCREASES FOR SUBWAY AND ELEVATED 
TRAINS AS DETERMINED FROM FORMULA (1)* 

I L I L I L 

33 40 29 100 24 400 
32 50 28 150 21 500 
32 60 28 200 18 600 
31 70 27 250 16 700 
31 80 26 300 14 800 
30 90 25 350 12 900 

I 

10 
7 
5 
3 
2 
0 

*For railroad trains, use three times these values, ex­
cept as provided in Sect. 7 and 11. 

9. Where a member supports more than one track the 
number of tracks assumed loaded shall be such as will 
produce the maximum stress in the member, but the impact 
increase shall be applied only to that track which, when 
loaded, contributes most to the live load stress. 

10. In designing steel members of structures support­
ing elevated columns, use actual computed loads and apply 
T.A. impact formulas and stresses as specified in "Loads 
and Stresses." 

11. The live load and impact on Highway Bridges shall 
be assumed as per specifications of the Dept. of Public 
Works. 

12. Live Load from Sidewalks and Roadways The side­
walk live load over subways shall be taken at 600 lb. per 
sq. ft. This value also applies to sidewalk gratings. 

The roadway live load over subways shall be com­
puted in either of the following ways, whichever gives the 
more severe condition: 

(a} For uniform load as given in Table 3. This 
live load shall always be assumed for the design of inter­
ior columns and longitudinal roof members in subways, as 
it always governs where area supported is large. 

(b} As a local concentration of 200 Kip on four 
wheels, 12 ft. between axles and 6 ft. gauge. Each of 
these wheel loads shall be considered distributed over an 
area of 2 ft. by 2 ft. on the pavement and thence through 
the soil and roof at a slope of 1 horizontal to 2 vertical. 
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Table 3 gives the uniform live load, together with the 
corresponding dead load, for various covers of dry earth. 

Table 4 gives the equivalent total load per sq. ft. 
which for various covers, spans and spacings of roof beams 
produces in the latter the same moment or shear as does the 
local concentration specified in Subsection (b) above, to­
gether with the corresponding dead load, for various covers 
of dry earth. 

TABLE 3 

SIDEWALK AND ROADWAY LOAD OVER SUBWAYS IN KIP PER SQ. FT. 

Cover Dead Load Live Load Total Load 
in Ft. ( Cover Load) Sidewalk Roadway Sidewalk Roadway 

2 0.2 0.6 1.3 a.a ( 1. 5) 
3 0.3 0.6 1.2 0.9 ( l. 5) 
4 0.4 0.6 1.1 1.0 ( 1. 5) 
5 0.5 0.6 1.0 1.1 1.5 
6 0.6 0.6 0.9 1.2 1.5 
7 0.7 0.6 o.a 1.3 1.5 
8 o.a 0.6 0.7 1.4 1.5 
9 0.9 0.6 0.6 1.5 1.5 

10 1.0 0.6 0.6 1.6 1.6 
11 1.1 0.6 1.7 
12 1.2 0.6 1.8 
13 1.3 0.6 1.9 
14 1.4 0.6 2.0 
15 1.5 0.5 2.0 
16 1.6 0.4 2.0 
17 1.7 0.3 2.0 
18 1.8 0.2 2.0 
19 1.9 0.1 2.0 
20 2.0 o.o 2.0 

For each additional ft. of cover, increase total load by 0.1 
kip per sq. ft. 
Values in brackets are minimum values and shall be compared 
to those given in Table 4. 
For roofs below water or with depressed ceiling, increase 
load as specified in Sec. 2. 

SD-3-6 



13. Subway Roofs supporting no other structures shall 
be designed for the-loads specified in Tables 3 or 4 of 
Sect. 12. For spans to be considered, see "Details of De­
sign for Structural Steel". 

14. In determining roof load carried by a Column, the 
portion directly over the column shall be includea~---

15. In double deck structures, where the upper and low­
er sidewall columns are vertically aligned, one-half the 
total load on the upper column shall be considered given 
over to the lower column, except where total exceeds 200 kip 
or bond value of column, in which case all of it shall be 
considered given over. To this shall be added the intermed­
iate floor load. Both columns shall be designed as per "De­
sign of Sidewall Columns,"pg. SD-5-1 where Sects. 39 to 41 
apply. In no case, however, shall the lower column be of 
less strength than the upper one. 

16. Intermediate Track Floors in subways, with beams 
placed . transversely, sharr be desfgned for a live load of 
1100 lb. per sq. ft. static equivalent, applied over a width 
of 10 ft. symmetrical to the centerline of track, in addi­
tion to dead load, as shown in Fig. 2. The direct compres­
sion due to side pressure shall be considered in designing 
track floor beams (see Sect. 55.) 

Special track floor construction at crossings, with 
rail supports placed longitudinally, shall be designed in 
accordance with Tables land 2. 

Live load 
1100 lb. . !=f: 

Deodloa::I 

Figure 2 
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TABLE 4 

LOCAL CONCENTRATION AS PER SECTION 12b 
EQUIVALENT LOAD {INCL. COVER LOAD) 

IN KIP PER SQ. FT. 

Span Spacing of Beams 
in Ft. l Ft. 2 Ft. 3 Ft. 4 Ft. 

5 3.20 3.20 2.85 2.45 
6 3.00 3.00 2.65 2.30 
7 2.75 2.75 2.45 2.10 
8 2.75 2.75 2.45 2.10 
9 2.70 2.70 2.45 2.10 

10 2.70 2.70 2.40 2.05 
11 2.70 2.70 2.40 2.05 
12 2.65 2.65 2.35 2.00 
13 2.55 2.55 2.30 2.00 
14 2.50 2.50 2.25 1.95 
15 2.45 2.45 2.15 1.85 
16 2.35 2.35 2.10 1.80 
17 2.30 2.30 2.05 1.75 
18 2.20 2.20 2.00 1.70 
19 2.15 2.15 1.95 1.65 
20 2.10 2.10 1.90 1.60 

5 3.20 3.20 2.85 2.45 
6 3.00 3.00 2.65 2.30 
7 2.75 2.75 2.45 2.10 
8 2.55 2.55 2.30 1.95 
9 2.35 2.35 2.10 1.80 

10 2.35 2.35 2.10 1.80 
11 2.30 2.30 2.05 1.75 
12 2.25 2.25 2.05 1.75 
13 2.20 2.20 2.00 1.70 
14 2.20 2.20 1.95 1.70 
15 2.15 2.15 1.95 1.65 
16 2.10 2.10 1.90 1.65 
17 2.05 2.05 1.85 1.60 
18 2.00 2.00 1.80 1.55 
19 1.95 1.95 1.75 1.55 
20 1.95 1.95 1.75 1.50 
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TABLE 4 (CONTINUED) 

LOCAL CONCENTRATION AS PER SECTION 12b 
EQUIVALENT LOAD (INCL. COVER LOAD) 

IN KIP PER SQ. FT. 

Span Spacing of Beams 
in Ft. l Ft. 2 Ft. 3 Ft. 4 Ft. 

5 2.30 2.30 2.25 2.05 
6 2.25 2.25 2.20 2.00 
7 2.20 2.20 2.15 l.90 
8 2.15 2.15 2.10 l.90 
9 2.10 2.10 2.10 l.85 

10 2.10 2.10 2.10 l.85 
11 2.10 2.10 2.10 l.85 
12 2.10 2.10 2.05 l.85 
13 2.10 2.10 2.05 l.85 
14 2.05 2.05 2.00 l.80 
15 2.00 2.00 l.95 l.75 
16 1.95 1.95 1.90 l.75 
17 1.90 l.90 1.85 l.70 
18 l.85 l.85 1.80 l.65 
19 1.80 1.80 1.75 l.60 
20 1.75 l.75 l.70 1.55 

5 1.80 l.80 1.80 l.80 
6 l.80 l.80 1.80 l.80 
7 l.80 l.80 l.80 l.75 
8 l.80 l.80 l.80 l.70 
9 l.80 1.80 1.80 1.70 

10 l.80 l.80 l.80 l.70 
ll 1.80 l.80 l.80 l.70 
12 l.80 1.80 l.80 l.70 
13 1.80 1.80 1.80 1.70 
14 l. 80 l.80 l.80 l.70 
15 l.75 1.75 l.75 l.65 
16 l.70 l.70 1.70 1.60 
17 1.65 1.65 1.65 l.60 
18 1.65 1.65 l.65 1.55 
19 1.60 1.60 1.60 1.55 
20 1.55 1.55 1.55 1.50 

5 Ft. 

l.95 
1.go 
l.80 
l.75 
l.70 
l.70 
l.70 
l.65 
l.65 
l.60 
l.60 
1.55 
1.50 
1.50 
1.50 
1.50 
1.80 
l.80 
l.75 
l.70 
l.65 
1.55 
1.55 
1.55 
1.55 
1.55 
1.55 
1.50 
1.50 
1.50 
1.50 
1.50 

For Covers between 4 ft. and 9 ft. use 1500 lb. per 
sq. ft. total load irrespective of span and spacing 
of beams. 
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Beam B 

TABLE 4 (CONTINUED) 

LOCAL CONCENTRATION AS PER SECTION 12b 
EQUIVALENT LOAD (INCL. COVER LOAD) 

Beam A 

IN KIP PER SQ. FT. 

Table 4 shall not be used in designing 
a beam A (see diagram) supporting a 
number of other beams B. In such cas­
es, where cover is less than 9 ft., 
beam A shall be designed for a uniform 
load of 1.5 kip per sq. ft. of area sup­
ported. 
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. 17. ~~~~n-~~~~i~~~, ~£~~~a~~~, longitudinal invert 
Distributin~ Girders and Interior Subway_Columns shall be 
designed for the Total Load given in Table 3, to which shall 
be added platform and mezzanine floor live load at 150 lb. 
per sq. ft. and intermediate track floor live load as spec­
ified in Sect. 16, together with their respective dead 
loads. In considering loads transmitted from sidewall col­
umns to steel footings no deduction shall be made for load 
carried by the wall concrete. 

18. Subway Inverts distributing loads over the entire 
subgrade shall be - desTgned for the "Dead Load" given in 
Table 3, together with the weight of walls and floors, not 
including invert, to which loads shall be added the live 
load from platform, mezzanine and upper tracks at one-half 
the values specified in Sects. 16 and 17, but in no case 
shall inverts of this type be designed for a total load of 
less than 900 lb. per sq. ft. 

In computing the shearing and bearing stresses in steel 
or concrete at column supports, however, the loads to be 
provided for shall be those specified in Sect. 17. 

19. The Desi~n _Live_Load on other surfaces of subway 
and elevated structures are tabulated below. 

NOTE: 

The Designing Engineer must check with the appropriate 
Department or Division whether there have been any major 
changes in the equipment design, with respect to size, 
weight, method of support and vibration or shock loading 
characteristics subsequent to the derivation of these de­
sign live loads (January 1974.) 

See DESIGN AIDS for equipment used as a basis for 
these design live loads. 
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TABLE OF DESIGN LIVE LOAD 

Area Uniformly Concen- See 
Distributed + trated Note 

No. Description Load Load No. 
(PSF) (Kips) 

1 Canopy Roofs 30 0 1 

2 Service Walks 150 0 1 

3 Stairs, on horizont-
al projection 150 0 1 

4 Floors of Platforms & 

Mezzanines 

(a) Elevated 100 0 1 

(b) Subways 150 0 -
5 Floors of Chiller Rooms 150 15.0 2 

6 Floors of Air Cooling 
Unit Rooms 150 1.0 2 

7 ( a) Floors of Fan Areas 150 5.0 2,3 

(b) Floors of Control Rooms 150 0 -
8 (a) Floors of Elevator 

Machinery Rooms - - 4 

(b) Floors of Elevator Pits - - 4 

9 (a) Floors of Escalator 
Machinery Rooms 150 2.0 2,5 

(b) Floors of Escalator 
Pits 150 0 5 

10 Floors of Ejector Rooms 150 1.0 2 

ll(a) Floors of Pump Chambers 250 2.0 2 

(b) Floors of Sumps - - 6 
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TABLE OF DESIGN LIVE LOAD (CONT'D.) 

Area Uniformly Concen- See 
Distributed + trated Note 

No. Description Load Load No. 
(PSF) (Kips) 

12 Floors of Circuit 
Breaker Houses 200 2.0 2 

13 Floors of Electrical 
Distribution Rooms 250 5.0 2 

14 Floors of Electrical 
Panel Rooms 150 0 -

15 (a) Floors of Relay Rooms 150 1.0 2 

(b) Floors of Central 
Instrument Rooms 150 1.0 2 

16 Floors of Signal 
Tower Control 
Rooms 150 1.0 2 

17 Floors of Communica-
tions Rooms 150 0 2 

18 Floors of Telephone 
Compartment Rooms 150 0 -

19 Floors of Compressor 
Rooms 150 0 -

20 Floors of Substation 

(a) Transformer Areas 300 15.0 2 

(b) Circuit Breaker 
Platforms 300 6.0 2 

21 Floors of Track 
Lubrication Rooms 150 0 -

22 Floors of Various 
Quarters 150 0 7 
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TABLE OF DESIGN LIVE LOAD (CONT'D.) 

Area Uniformly Concen- See 
Distributed + trated Note 

No. Description Load Load No. 
(PSF) (Kips) 

23 Floors of Storage 
Spaces in Subways 400 0 -

24 Floors of Mainten-
ance, Service Rooms 
, Duct Manholes 150 0 -

25 Floors of Passageways 150 0 8 

NOTES: 

1. In designing elevated columns, use one-half of the uni­
formly distributed live load. 

2a. In designing floor slabs (one-way or two-way) or floor 
beams use the uniformly distributed live load over the 
entire floor area plus the concentrated live load* lo­
cated so as to produce (1) maximum shear, and (2) max­
imum moment. (*For one-way slabs, apply the distributed 
live load plus the concentrated live load to a slab 
whose width is twice the effective depth.) 

2b. In designing columns, use the uniformly distributed live 
load, only. 

3. This loading is to be used for Under Platform Exhaust 
Fan Rooms, Fan Chambers, Fan Work Areas and any other 
areas supporting similar size fans. 

4a. Design live loads must be determined for each location 
by consultation with the Equipment Division. 

4b. A minimum uniformly distributed live load of 150 psf 
shall be used on all floors. 

4c. The equipment live load shall be increased sufficiently 
to provide for impact. If not otherwise specified, 
this increase shall be taken as 100 percent. 
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5. Design live loads given are for escalators with a max­
imum rise of 33 feet. For longer escalators, Note 4, 
above, applies. 

6. Design live loads must be determined on the basis of 
maximum hydrostatic pressure (and external earth 
pressure, where applicable.) 

7. This design live load applies to quarters of the fol­
lowing personnel, including tool rooms, work shops 
and "light" storage rooms. 

a. foreman 
b. dispatchers 
c. trainmen 
d. motormen 
e. 3rd railrnen 
f. trackrnen 

8 . Passageways and other areas on which equipment is to 
be temporarily supported must be designed for the de­
sign live loads of the appropriated rooms. 

Ill - BUILDING LOAD 

20. When the subway passes under private property it 
shall be designed for Building load. The question as to 
height and character of building to be provided for in each 
case, as well as the location of walls of lot lines where 
the same has not already been determined, shall be discussed 
by the Designs Subdivision with the Real Estate Bureau and 
the Architectural Subdivision, and the Designing Engineer 
shall file an office memorandum of the data agreed upon dur­
ing such discussion and transmit copies of the same to the 
Real Estate Agent and Appraiser, the Designing Architect, 
and the Division Engineer of the Designs Division. 

21. Building loads on subways shall be computed from 
the following values which are given in lb. per sq. ft., the 
dead loads including the weight of partitions: 
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Roof, all types of buildings ... 
Floors: 
Apartment Houses, Hotels .... . 
Office Buildings .. . ..... . 
Theatres, Concert Halls .... . 
Other Places of Assembly, Schools 
Light Manufacturing Buildings .. 
Factory Buildings, Storage Houses, 

Garages ........... . 
Heavy Manufacturing Buildings .. 
Cellar, all types of buildings .. 
Walls; (12 in. Brick): 
Wfthout Openings ........ . 
With Openings ......... . 

. . 

. . . . . . . . . . 

Live Load Dead Load . 40 . . . . 60 

. 40*. . . . 100 . 50*. . . . 100 . 75*. . . . 100 . 60*. . . . 100 . 75*. . . . 100 

. 120* .... 100 

. 250* .... 130 

. 300 

. 120 lb./vert.sq.ft. 

. 100 lb./vert.sq.ft. 

*Live load on the top floor shall be taken at 85% 
of the values given above, that on succeeding 
floors below at 80%, 75% ... down to a minimum 
of 50% of the same values. This reduction does 
not, however, apply to storage houses where the 
full live load shall be assumed for all the 
floors. 

The above loads are substantially in agreement 
with the Building Code. 

22. In designing the subway for uniform building load, 
the footings supporting piers and columns are generally as­
sumed to be spread over an area equal to one-half that of 
the corresponding panels. The load per sq. ft. of subway 
roof shall then be assumed equal to twice the total from 
roof and floors ~s determined from Sect. 21. On this load, 
which is assumed to be applied to every sq. ft. of subway 
roof within the easement, shall be superimposed the follow­
ing additional loads: 

a) Dead weight of front wall. This weight shall be 
considered distributed over a strip 4 ft. wide of which 1 
ft. is outside the building line, except where top of sub­
way roof is less than 10 ft. below street surface when a 
strip of 3 ft. wide flush with the building line shall be 
considered. Exception is also made as per Subsect. c, be­
low. 

b) Dead weight of lot line walls, distributed over 
strips 3 ft. wide flush with lot lines, except as provided 
in Subsect. c, below. 
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c) For buildings more than 6 stories high, the width 
of the strips referred to under Subsects. a, and b, above 
shall be increased by being extended to the middle of the 
end panels. 

d) Live load on cellar floor as per Sect. 21. 

e) Weight of subway roof and overlying soil, to be 
taken at 100 lb. per sq. ft. for every ft. between cellar 
floor level (usually 10 ft. below street level) and under­
side of transverse roof members. Where top of subway roof 
is below water, 25 lb. per sq. ft. shall be added for every 
ft. of ground water head above. 

Table 5 gives values of uniform building load for var­
ious heigfits of buildings in accordance with the above 
rules. 
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TABLE 5 

VALUES FOR BUILDING AND WALL LOADS 
WHEN UNIFORMLY DISTRIBUTED OVER SUBWAY ROOF* 

A B C D E F G H I 

. 
U) 

tJ'I 
.. 't1 . U) 

U) .... U) QI .... .. r-4III U) .. tJ'I U) .... 
U) r-4 . QI > 't1 ::s nS 
QI nS tJ'I CJ r-4 r-4 0 . r-4 ~ 

""4 U) U) .. ::r: 'H nS .Q III ::r: t:,\ r-4 
0 ::s °' U) :E: ,;! ~ U) 

""4 nS QI 
U) 0 i::: Q) .µ 

~~ QI :E: ~ i::: 
1-1 Q) ::r: U) QI ·r-1 1-1 1-1 .. U) r-4 tJ'I . ·r-1 
Cl) ·r-4 .-of U'tl .µ Q) .µ 1-1 U) 0 0 tJ'I .., 

~~ 
.µ H 

..Q 1-1 • Q) ·r-4 .-of nS 0 .C: Q) < 0 .µ nS 1-1 i::: 

§2 .µ .µ 'H ·r-4 QI i::: tJ'I .c: .c: 0 1-1 0 nS 't1 0 .µ 
0. 0 ""4 ::, .c: 0 ·r-1 .µ 'H 0 nS Id .µ Q) r-4 1-1 s z ti) ,(::C: 0 III E-t u ..:I 0 0 C/l r... (!) C/l ::r: III r... . 

(.) 
25 6.60 6.90 7.60 7.20 8.85 11.50 13.95 Q) N 

.Q N 
24 6.40 6.65 7.30 6.90 8.55 11. 05 13.45 U) . • 
23 6.15 6.40 7.05 6.65 8.20 10.65 12.95 

rc,u,,.....1-4.µ 
nS,...,... <LI 0 

22 5.90 6.15 6.75 6.40 7.50 10.20 12.45 \O00nS!>Cll 
.-◄ U.C:0Cll 

21 5.65 5.90 6.50 6.15 7.55 9.75 11.90 i:: U) 

20 5.40 5.65 6.20 5.90 7.25 9.30 11.40 nS .... 1-1 't1 i::: .c: .... Q) .. Cl) ·r-4 

19 5.20 5.40 5.95 5.60 6.95 a.as 10.90 .µ nS 't1 > .µ 
3: i::: r-4 ::s 't1 

18 4.95 5.15 5.65 5.35 6.60 8.45 10.40 Cl) ::S(l).QQI 

17 4.70 4.90 5.40 5.10 6.30 8.00 9.90 1-1 Q) :> ·r-4 ·r-4 
0 .C: \0 ·ri 1-1 ""4 

16 4.45 4.65 5.10 4.85 5.95 7.55 9.35 E:+l +l+l·ri 
Cl) 0 U> 0 

15 4.20 4.40 4.85 4.60 5.65 7.10 8.85 U) ...... Q) •ri Q) 

14 4.00 4.15 4.55 4.30 5.35 6.65 8.35 tJ'I .C: .Q 0. 't1 0. 
i::: tJ'I nS U) U) 

13 3.75 3.90 4.30 4.05 5.00 6.25 7.85 ·r-4 ·ri 8 QI 't1 
't1 .c: 1-1 Q) U) 

12 3.50 3.65 4.00 3.80 4.70 5.80 7.35 .... i::: 1-1 nS 

11 3.25 3.40 3.75 3.55 4.35 5.35 6.80 ·riUl·ri~QI 
::s Q) re, U) 

10 3.00 3.15 3.45 3.30 4.05 4.90 6.30 .Q·riS:::'O·riO. 
M Cll S::: Ul ·r-t 

9 2.80 2.90 3.20 3.00 3.75 4.45 5.80 I-I0!>nSS:::1-1 

8 2.55 2.65 2.90 2.75 3.40 4.05 5.30 
0 .µ ·r-1 0 .µ 
r.,.UltJ'IO0Ul 

7 2.30 2.40 2.65 2.50 3.10 3.60 4.80 
6 2.05 2.15 2.35 2.25 2.75 3.15 4.25 2.ro 3.35 
5 1.80 1.90 2.05 1. 55 2.40 2.70 3.70 1.80 2.90 
4 1.55 1.60 1.80 1.70 2.05 2.25 3.10 1.50 2.40 

* Columns A to G give loads in kip per sq. ft. to be 
used in designing subway for uniform building load as per 
Sect. 22. These include twice the total from roof and 
floors plus live load on cellar, but shall be increased by 
weight of subway roof and overlying soil as per Sect. 22e. 
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Figures in Cols.Hand I give the additional loads 
in kip per sq. ft. due to building walls distributed over 
strips 4 ft. and 3 ft. wide as specified in Sect. 22a 
and b respectively, assuming each story height at 12 ft. 

Where front wall is assumed to be distributed over 
a strip 3 ft. wide as per Sect. 22a, the values given in 
Col. H shall be increased by one-third. 

23. Where provisions are to be made for specific 
column locations, the columns shall be placed a uniform 
distance apart, as close to 20 ft. by 20 ft. as conditions 
permit, odd inches to be taken up in the end panels. The 
wall columns shall be set back on a centerline which is 
l'-8" from the building line and l'-4" from lot lines, and 
the column loads shall be computed in accordance with 
Sect. 21. The subway, in this case, shall be designed for 
the column loads and for the additional loads specified in 
Sect. 22d and e. No base plate or grillage to be pro­
vided by the building owner shall project beyond lot lines, 
or more than 1 ft. beyond the building line, as provided by 
the Building Code, but where grillages for building column 
support are included in the subway construction no such 
limit is imposed. 

Table 6 gives values for determining column concentra­
tions for various heights of buildings, together with the 
corresponding weights of walls per lin. ft. of length. 
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TABLE 6 

VALUES FOR BUILDING COLUMN CONCENTRATIONS 
AND WEIGHT OF BUILDING WALLS* 

J K L M N 0 p Q 

. 
(/) 

t:71 
-."'CJ . (/) 

Ill ,-t (/) QI .. r-41:Q (/) .. t:71 Ill 
fJ) ,-t . QI :>, "'Cl :, 
QI res t:71 U.-t ,-t 0 . ,-t 

(/) (I) .. ::z:: 44 IIS ..Q l:Q ::z:: t:71 ,-t 

::s t:71 (I) ~ 'ii! ~ (/) ~ rcs 
0 ~ QI +J :>, (I) QI ~ ~ 
:i:: (/) Q) .,➔ MM .. 1/l .-t M Q) t:71 . 

,-t 0 'O +J Q) +J M ltl 0 0 t:71 res :>, (I) +J 
• Q) .,➔ ,-t IIS O ..C: Q) < 0 +J res M > tJ) ~ 

+J +J 44 .,➔ Q) ~ t:71 .c: ..c: UM 0 ns "'Cl 0 
0. 0 44 :, ..c: 0 .,➔ +J 1M 0 IIS IIS +J Q) ,-t M 
<::z:: 0 l:Q E-t CJ M 0 0 Ul f:&4 {.!) ti) ::z:: l:Q f:&4 

3.15 3.30 3.65 3.45 4.30 5.60 6.85 31.20 
3.05 3.20 3.50 3.30 4.10 5.40 6.60 30.00 
2.95 3.05 3.40 3.20 3.95 5.15 6.35 28.80 
2.80 2.95 3.25 3.05 3.80 4.95 6.05 27.60 
2.70 2.80 3.10 2.95 3.65 4.75 5.80 26.40 
2.55 2.70 2.95 2.80 3.50 4.50 5.55 25.20 
2.45 2.55 2.85 2.65 3.30 4.30 5. ~n 24.00 
2.35 2.45 2.70 2.55 3.15 4.05 5.05 22.80 
2.20 2.30 2.55 2.40 3.00 3.85 4.80 21.60 
2.10 2.20 2.40 2.50 2.85 3.65 4.55 20.40 
1.95 2.05 2.30 2.15 2.70 3.40 4.30 19.20 
1.85 1.95 2.15 2.00 2.50 3.20 4.05 18.00 
1.75 1.80 2.00 1.90 2.35 2.95 3.80 16.80 
1.60 1.70 1.85 1.75 2.20 2.75 3.50 15.60 
1.50 1.55 1.75 1.65 2.05 2.55 3.25 14.40 
1.35 1.45 1.60 1.50 1.90 2.30 3.00 13.20 
1. 25 1.30 1.45 1.35 1.70 2.10 2.75 12.00 
1.15 1.20 1.30 1.25 1.55 1.85 2.50 10.80 
1.00 1.05 1.20 1.10 1.40 1.65 2.25 9.60 
0.90 0.95 1.05 0.95 1.25 1.45 2.00 8.40 
0.75 0.80 0.90 0.85 1.05 1.20 1.70 7.20 
0.65 0.65 0.75 0.70 0.90 1.00 1.40 6.00 

R 

,-t 
,-t 
rcs 
~ 

QI 
~ 
.,➔ 

M 

+J 
0 
M 

37.45 
36.00 
34.55 
33.15 
31.70 
30.25 
28.80 
27.35 
25.95 
24.50 
23.05 
21.60 
20.15 
18.75 
17.30 
15.85 
14.40 
12.95 
11.55 
10.10 

8.65 
7.20 

* Columns J to P give building loads in kip per sq. ft. of 
area supported by columns resting on subway as per Sect.23, 
while Cols. Q and R give additional loads in kip per lin. 
ft. for building walls supported by such exterior columns. 
In addition to these column concentrations, the subway shall 
be designed for the uniform loads specified in Sect.22 d 
and e ) . Height of each story assumed at 12 ft. 
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IV - LATERAL FORCES ON ELEVATED STRUCTURES 

24. Wind Force shall be computed at 30 lb. per sq. 
ft. of vertfcal projection of exposed surface. For two and 
three track structures the exposed surface of l train, for 
four track structures that of 1-1/4 trains and for five 
track structures that of 1-1/2 trains shall be included. 
The wind force on trains shall be considered as applied 
6 ft. above B. of R. Where wind screens at platforms are 
considered as part of the exposed surface, the wind force 
on one train shall be disregarded. 

25. Tractive Force shall be taken at 200 lb. per lin. 
ft. of tracK for a Iength equal to the distance between 
expansion joints and shall be assumed to stress the columns 
resisting such tractive force in bending only. In struc­
tures supporting several tracks, the tractive force due to 
all the tracks shall be considered at express stations on­
ly. At local stations and between stations, consider force 
due to 1-2/3 track for a two track line, 2 tracks for a 3 
track line and 2-1/3 track for a four track line. The 
force per column shall be taken as the total tractive force 
divided by the number of columns resisting it, except that 
where there is a considerable difference in the stiffness 
of columns, the force resisted by each column shall be as­
sumed to be in proportion to its stiffness which is defined 
as moment of inertia divided by length. 

26. Centrifu~al Force. With proper superelevation, 
the centrifugal force shall be considered as stressing col­
umns (in bending only), bracing and steel column bases, be­
ing assumed to act at the level of B.of R. In this case, 
only its horizontal effects need be considered. 

Where no superelevation is provided, the centrifugal 
force shall be assumed to act 5 ft. above B. of R. and the 
resulting vertical forces shall be taken into account in 
designing stringers and columns. 

In computing stresses, assume trains on all tracks 
and use the following formula: 

where: 

F = CW (2) 

F = Centrifugal Force 
C = Coefficient depending on degree of curvature, 

as per Table 7. 
W = Weight of Train, assumed as 2 kip per lin.ft. 

of each track measured between centerlines of 
spans. 
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TABLE 7 

Degree Degree Degree 
of of of 
Curv- Radius Curv- Radius Curv- Radius 
ature in ft. C ature in ft. C ature in ft. C 

l 5730 .020 8 717 .120 15 383 .120 
2 2865 .040 9 637 .126 16 359 .112 
3 1910 .060 10 574 .130 17 338 .102 
4 1433 .070 11 522 .132 18 320 .090 
5 1146 .090 12 478 .132 19 303 .076 
6 955 .102 13 442 .130 20 288 .060 
7 819 .112 14 410 .126 

Centrifugal force shall be neglected for curves of less than 
1 degree, while for curves exceeding 20 degrees, value of C 
shall be taken at .060. 

27. Temperature. Provision shall be made in designing 
steel structures for a variation in temperature from -10 to 
+110 degrees Fahr., and in designing masonry structures, such 
as viaduct arches, for a variation from +20 to +80 degrees 
Fahr. 

V - SIDE PRESSURE ON SUBWAYS 

28. Side pressure, as considered in designing subway 
walls, is generally due to one or more of the following con­
ditions: 

1) Earth abutting against a vertical plane flush with 
back of wall. 

2) Loads resting on abutting earth. 

3) Water producing hydrostatic pressure. 

The side pressure from the abutting earth per lin. 
ft. of wall is taken as that due to the earth con­
tained within the triangular prism ABC (Fig. 3) 
one ft. long and bordered by the wall plane AB, a 
horizontal plane of loading BC, and a plane of rup­
ture AC passing through the bottom of the wall span. 
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Figure 3 

29. ~~~~~!~~ (See Fig. 3) 

Height of prism - in ft. 

C: 

-i 

Width at top of prism - in ft. 

-Jid,l+Tssurwaagram 

Figure 4 

Any loading intensity ( Wj ,W-2, 111 
) applied to top of 

prism - in lb. per sq. ft. 
Distance ( a,,02, 111 

) from wall plane to correspond-
ing loading intensity w·- in ft. 
Surcharge on prism (overlying earth, footings and 
other loads) - in lb. 
Surcharge within distance~ - in lb. 
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e= Unit side pressure due to weight of prism (zero at 
top, maximum at bottom of prism) - in lb. per sq. 
ft. 

p= Unit side pressure due to IP - in lb. per sq. ft. 

30. The width~ is a function of the properties of 
the soil and the amount and distribution of the surcharge. 
For the usual angle of repose of 3()0 with the horizontal: 

D= .58H+ wa-r. Q 
w+50H 

. . . . . . . . . . . (3) 

In doubtful cases, D shall be determined for each load­
ing intensity within the-plane of repose, the critical value 
of D being the one which gives the greatest side pressure as 
determined from Formulas (4) & (5). Where Formula (3) gives 
a value less than a, the corresponding D shall be taken as 
equal to a; where It gives a value extending beyond the out­
er limit of the loading intensity w used, such value shall 
be disregarded. 

D H .2 
K 1.13 

emax=IOOD H-.5so =IOODK · · · · · · · · · · (4) 
D+.58H 

~p H-.58D = r.P K . ( 5) p= . . 
H D+.58H H 

TABLE OF VALUES OF K 

.3 -~ .5 . 6 . 7 . 8 .9 1.0 1.1 

.94 .78 .66 .55 .46 .39 .32 .27 .22 
1.2 

.17 

31. The plane of loading BC (Fig. 3) shall be taken at 
the top of wall when the surcharge is uniform at this level, 
or where a footing is less than 1 ft. above or below it, the 
bottom of such footing being considered level with the top 
of wall.; In this case, the values obtained from Formulas (4) 
and (5) represent the pressures against the wall. 

In the cases where footings are higher or lower, the 
pressures against the wall are determined from the trap­
ezoidal loading diagrams obtained for the plane of loading 
used. Where such plane is below the top of wall (Fig. 4) the 
pressure against the upper portion of the wall shall be de-
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termined from the loading conditions existing between the 
wall and the footing only. 

Where a loadLX (Fig. 4), is intersected by the plane 
of repose AM, only the portion within the plane need be 
considered. 

32. Some simple rules for the more frequent cases 
follow: 

1) For a uniform surcharge, D shall be taken as .SSH, 
giving for the side pressure the usual value of one-third 
the vertical pressure. 

2) Where an upper wall or column is resting on a 
cantilevered roof beam (Fig. 5), Formula (3) is suffici-
ently approximated by: , 

D= a+ .58H • • (6) 

3) Where the far face of an upper sidewall footing 
resting on soil is within a distance of .SSH of the lower 
wall (Fig. 6), Q shall be determined from Formula (3). 

4) Where the near face of an upper sidewall footing 
is more than .SSH from the lower wall (Fig. 7), the side 
pressure shall be computed for the two conditions, D = a 
and Q = .58H, and the larger pressure used. - -

5) Where an upper interior wall or column footing is 
resting on soil (Fig. 8), the side pressure shall generally 
be computed for D = a only. However, when a exceeds H, the 
side pressure corresponding to D = .SSH shall also be-de­
termined and the larger pressure used. 
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33. Overlying loads, when considered for side pressure, 
shall be treated as follows: 

1) In computing loads from footings or earth, street 
live load shall not be included. 

2) Loads from floors shall include live load. In the 
case of track floors, the live load shall be taken at 450 lb. 
per sq. ft. For other floors, see Sect. 19. 

3) Where an overlying foundation is not continuous 
longitudinally, the load shall be considered distributed 
over a length of earth prism equal to the length of the 
foundation plus twice the transverse distance from net line 
of lower wall to the near edge of the foundation and treated 
as above. In no case, however, shall the increased length 
exceed the longitudinal distance between the centers of ad­
jacent foundations. 

34. For subway walls under or adjacent to buildings, 
the side pressure shall be computed from the ground or 
street surface, unless side pressure due to the buildings 
has to be provided for and is more severe. 

35. For walls in earth near street surface, the side 
pressure shall at no point be taken at less than 200 lb. 
per sq. ft. 

36. Side pressure due to water, if any, shall be add­
ed to that produced by earth and superimposed loads. 

See also "Design of Sidewall Columns," pg . .S-D-5-1 

37. In earth, where adjacent tracks are at different 
levels, the full thrust due to side pressure shall be con­
sidered transmitted through the roof and invert, except 
that where an invert includes one or more footings of in­
tervening columns, the thrust at the invert is assumed to 
be taken up by the soil in friction. 

In earth, where the active side pressures against op­
posite sides of a structure are unequal, the greater pres­
sure shall be considered for both sides. 

38. In rock, where an upper track floor projects be-
yond a lower wall, the side pressure shall be computed in 
accordance with the rules given in "Design of Sidewall Col!' pg. 
SD-5-lj when track floor is sealed. When weep holes are. 
provided in the track floor, the water level shall be taken 
at the upper Base of Rail. 
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VI - ECCENTRIC LOADING ON SIDEWALL COLUMNS 

39. Sidewall columns designed in accordance with "De­
sign of Sidewall Columns" shall also be investigated for 
the effects of eccentric loading as per Sects. 40 and 41. 

40. In earth, with roof member bearing on inside 
flange of column, the sum of the stresses in the flange due 
to load and moment shall not exceed 20 kip per sq. in. 
(T.A. or Bldg. Code) the load to be taken as the end reac­
tion including roof load directly over the column. The 
moment due to eccentricity shall be computed as load times: 

.5 column depth when roof member is a girder; 

.4 column depth when roof member is a beam 
with stiffeners; 

.3 column depth when roof member is a beam 
without stiffeners. 

41. In earth, where eccentric steel cantilever foot­
ings are used, the sum of the stresses in the inside column 
flange due to direct load and eccentricity shall not exceed 
25 or 20 kip per sq. in. (22 or 20 kip for Bldg. Code), ac­
cording to whether or not the inside flange is embedded as 
per Sect. 47, 1, for a height of at least one-fourth the 
column span, the load to be taken as the full load carried 
by the column and wall. The moment shall be computed as 
load times the distance between centerline of column and 
center of footing. 
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VII - STRESSES 

TABLE 8 

42. ALLOWABLE UNIT STRESSES (T.A.) FOR STRUCTURAL STEEL 
IN KIPS PER SQ. IN., EXCEPT AS NOTED 

Subway Structures Elevated 
Nature of Stress & Transit Buildings Structures 

(a) 
(b) 

(c) 

(d) 

Tension, net section: ... 
Com~ssion: 

M ers in which L/r <: 3 

• 2 0 • 

. 20. 

• • 2 0 

. 20 

Columns . 17-.000485 L2/r2 __ l8.5-0.09L/r 

Secondary Members. 
18000 (not to exceed 15) 

L2 
I+ l8000r2 Webs of Rolled Sections at 

Toe of Fillet . . . . . . . 24 
(Beams not imbedded in con-
crete shall be investigated 
for crippling.) 

Bending, extreme fibre: 
Compression or Tension, 

gross area .... . . 20 
Tension, net area ....... . • • • • • • 2 0 
For composite construction, 

see Sect. 47. 
Pins & Turned Bolts ....... 30 ...... 30 

Shearing: 
Webs, gross section .... 
Rivets (By Direct-acting 

Riveting) ....... . 
Rivets (By Power Hammer 

Riveting) ....... . 
Pins & Turned Bolts 
Unfinished Bolts ... 
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TABLE 8 (CONTINUED) 

Subway Structures Elevated 
Nature of Stress & Transit Buildings Structures 

( e) ~4=~;.~~s.: 
Contact area of rolled 

surfaces ......... 24 . 
Contact area of milled 

surfaces ......... 30 • 
Contact area of rolled & 

milled surfaces ........ 27 • 
Pins . . . . . . . . . . 
Rivets (By Direct-acting 

Riveting) & Turned Bolts: 
Double Shear ........ 40 . 
Single Shear ........ 32 . 

Rivets (By Power Hammer 
Riveting) ........... 27 . 

Unfinished Bolts: 
Double Shear ........ 25 
Single Shear ........ 20 

Rollers, kips per lin. in.: . 

. • • 2 0 

. 20 

• . . 2 0 
. . 3 0 

• • • 30 
. . . 3 0 

. • 25 

0.75d 

The value of L/r shall not exceed the following: 

In Subway Structures 120 for main members and 150 for 
secondary members. 

In Elevated Structures 100 for main members and 150 
for secondary members. 

L = Unbraced length of member in inches. 

r = Governing radius of gyration of member in inches. 

d = Diameter of roller in inches. 
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TABLE 9 

' ALLOWABLE UNIT STRESS (TA) FOR COMPRjESSION 
MEMBERS IN KIP PER SQ. IN. (SEE SEC~. 42) 

L L2 
18.5-.09"7 -r- 17-.000485r2 ...b.. 17-.000~5-l{ 18.5-.09+ r 

I r 
3 or less 20.00 20.00 68 14 . 0 6 12.38 

4 16.99 15.00 70 14. 62 12.20 
6 16.98 15.00 72 14.49 . 12.02 
8 16.97 15.00 74 14 .134 11.84 

10 16.95 15.00 76 14.20 11.66 
12 16.93 15.00 78 14. 05 11.48 
14 16.91 15.00 80 13. 90 11.30 
16 16.88 15.00 82 13.174 11.12 
18 16.84 15.00 84 13. 58 10.94 
20 16.81 15.00 86 13. 41 10.76 
22 16.77 15.00 88 13. 24 10.58 
24 16.72 15.00 90 13. 07 10.40 
26 16.67 15.00 92 12. 90 10.22 
28 16.62 15.00 94 12. 72 10.04 
30 16.56 15.00 96 12. 53 9.86 
32 16.50 15.00 98 12. 34 9.68 
34 16.44 15.00 100 12. 15 9.50 
36 16.37 15.00 102 11. 95 9.32 
38 16.30 15.00 104 11. 75 9.14 
40 16.22 14.90 106 11. 55 8.96 
42 16.14 14.72 108 11. 34 8.78 
44 16.06 14.54 110 11. 13 8.60 
46 15. 97 14.36 112 10. 92 8.42 
48 15.88 14.18 114 10. 70 8.24 
50 15.79 14.00 116 10. 47 8.06 
52 15.69 13.82 118 10. 25 7.88 
54 15.59 13.64 120 10. 02 7.70 
56 15.48 13.46 125 7.25 
58 15.37 13.28 130 I 6.80 
60 15.25 13.10 135 6.35 
62 15.14 12.92 140 5.90 
64 15.01 12.74 145 5.45 
66 14.99 12.56 . 150 s.oo 
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_b_ 
w 
16 
18 
20 
22 
24 
26 
28 

TABLE 10 

ALLOWABLE UNIT BENDING STRESS (TA) 
IN COMPRESSION FLANGES FOR BEAMS AND GIRDERS 

IN KIP PER SQ. IN. (SEE SECT. 48) 

f6=25-.31-w L f6 =25- .31¾ w 
20.00 30 15.70 
19.42 32 15.08 
18.80 34 14.46 
18.18 36 13.84 
17.56 38 13.22 
16.94 40 12.60 
16.32 42 11.98 

43. For temporary work, use stresses given in "Field 
Design Stds." 

44. Holes filled with rivets as well as isolated holes 
up to 1 in.in diameter for tie rods and the like, are not 
considered as reducing the web section for resisting shear. 

45. At copings and re-entrant cuts, the allowable 
stress per sq. in. is reduced to 10 kip for shear on net 
section and 15 kip for bending, but such details shall not 
be resorted to unless unavoidable. 

46. Where the subway structure takes building load, it 
shall be designed in accordance with Building Code stresses, 
unless those of the T.A. are lower. 

47. Comeosite_Construction. Where concrete may be 
counted on to act integrally with the steel, an equivalent 
design bending stress for Structural Steel may be taken as 
25 kip per sq. in., in lieu .of an analysis of the composite 
section. Except as noted in (a) to (d) below this applies 
to: 
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(1) Beams and girders having their compression flange 
embedded in a flat slab whi ch extends in depth at least 1/3 
the distance to the extreme tension fibre, and in width at 
least 1/2 of the depth of the member beyond both flange 
edges. 

(2) Beams and girders encased between subway roof 
arches. 

(3) Longitudinal mezzanine and platform roof members 
with other members framed into them on both sides and having 
their compression flange embedded in concrete for a width 
as specified in Subsect. (1) above. 

No increase in bending stress beyond 20 kip per sq. in. 
shall be allowed for: • 

(a) Roof members located between building lines of 
intersecting streets where top of subway roof is 
less than 7 ft. below street surface, so as to 
provide for present or future depressed bay con­
struction. 

(b) Members placed closer center to center than the 
sum of depth and flange width. 

(c) Members having a nominal depth exceeding 36 in. 

(d) Rectangular sections stressed in shear and bend­
ing, such as web plates extended longitudinally 
beyond flanges of girders. 

When special steels are substituted for structural steel, 
an analysis of the composite section shall be made. 

48. Where the unbraced length of the compression flange 
of beams and girders stressed in bending exceeds 16 times its 
width, the allowable compressive stress (T.A.) shall be re­
duced in accordance with the formula: 

f'c=25-.31L/w (7) 

where: f 1c = Allowable unit stress in kip per sq. in. ( See 
Table 10.) 

L = Unbraced length of flange in inches. 
w-= Width of flange in inches. 
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49. For beams and girders, where the ratio of span to 
depth exceeds the value k, as given below, the allowable 
bending stress shall be reduced in accordance with the fol-
lowing formula: f'=fk_g_ ... . . . .. . ... ... . ... (8) 

L 

where: f' = Reduced bending stress. 
f = Bending stress as given in Sects. 42, 

47 or 48. 
k = Constant, having the value 12 for members 

supporting tracks, and the value 20 for 
other members. 

d = Depth of the member in in. 
L = Length of span in in. 

TABLE 11 
so. 
ALLOWABLE UNIT STRESSES FOR TIMBER IN LB. PER SQ. INCH 

Long Leaf Short Leaf White Pine, White 
Nature of Stress Pine, Fir Pine Spruce Oak 

Bending, extreme 
fibre 1600 1250 1250 1400 

Compression: 
Parallel to 
arain 

for L/d>l5 L 1600 (I- 60d ) 
L 1250(1-

60
d) L 

1250(1-60d) 1600(1-G5d) 

for L/d<l5 1200 940 940 1200 

Perpendicular 
to grain 320 200 200 560 

Shear 150 l!>U --gu 140 

Modulus of 
Elasticity* 1500000 1500000 1200000 1200000 

where: L = Length of member in in. 
d = Least side or diameter in in. 

*For long continued loading, the Modulus of Elasticity decreas­
es to one-half the values given above. 

The stresses given are for green timber and shall be used 
without increase of live load stresses for impact. 

When members are designed to take shear with the grain, 
selected timber shall be used. Shearing stresses given above 
apply also in this case. 
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For buildings and similar structures in which the tim­
ber is protected from weather and practically free from im­
pact, the stresses given above shall be increased 25 per 
cent. 

For railroad bridges and trestles, the unit stresses 
shall conform to the requirements of the railroad company 
concerned, provided those of the T.A. are not more severe. 

51. 

TABLE 12 

ALLOWABLE BEARING VALUES (T.A.) FOR MASONRY 

Material !tip per sq.ft. lb. per sq. 

Stone Concrete, 1:2:4 mix 108 (70) 750 (500) 
Granite, single block 

centrally loaded 100 ( 70) 700 (500) 
Granite cut stone masonry 80 (57) 550 (400) 
Limestone cut stone masonry 60 (43) 420 (300) 
Brick or Sandstone cut stone 

masonry 40 (30) 280 (200) 

For bearing under steel slabs, bed plates and wide 
flange beams, use figures shown in brackets. 

52. 

TABLE 13 

ALLOWABLE BEARING VALUES (T.A.) FOR SOILS 

Nature of Soil Kip per sq. ft. 

Sound Ledge Rock 60 to 150 
Hardpan or compact Gravel 20 
Coarse Sand or Gravel ii 
Clean Sand or Dry Clay 8 
Clay, moist (Value subject to test) Up to 4 

These values are for most favorable conditions; for 
questionable soils they shall be reduced. 
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VIII - COMBINED STRESSES 

53. Interior subway columns, where compression and 
bending due to side thrust are combined, the allowable 
bending stress shall be determined by the formula: 

where: 

I p 20 
fb:20- A 1ci · · · · · · · · · · · -· · (9) 

Allowable bending stress in kip per sq. in. 
Allowable direct load stress in kip per sq. 
in. as per column formula Sect. 42b. 

P = Direct load in kip. A= Area of column section 
in sq. in. 

Effects of eccentric loading on interior columns may 
be disregarded. 

54. For subway sidewall columns stressed in bending 
and compression, see "Design of Sidewall Columns," and 
Sects. 39 to 41. 

55. Compression due to side pressure shall be neg­
lected in designing subway roof and invert members, but 
shall be considered for intermediate floor beams which shall 
be designed as follows: 

When the requirements of Sect. 47, l or 2, are fulfill­
ed, assume one-half the direct side pressure as being taken 
by the beams and allow a combined bending and direct stress 
of 25 kip per sq. in. In all other cases, assume beams to 
take full side pressure and allow a combined stress of 20 kip 
per sq. in. (See also Sect. 49.) 
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Chapter 4 
DETAILS OF DESIGN FOR STRUCTURAL STEEL 

I DETERMINATE DESIGN 

1. The structure shall preferably be so designed that 
stresses may be calculated directly. 

ll MINIMUM THICKNESS OF METAL 

2. In general, no material of less than 3/8 in. 
thickness shall be used in main members, except as fillers. 
This limitation does not apply to rolled beams and chan­
nels, nor to canopies of elevated stations, for which the 
minimum thickness of material shall be 1/4 in. 

ID OPEN DETAILS 

3. Details shall be designed so as to give free ac­
cess for inspection and painting. Waterpockets shall be 
avoided. 

:nl STRENGTH OF DETAILS 

4. The connections and other details of a member 
shall be of at least sufficient strength to resist the 
forces acting thereon. 

11: SPANS FOR CALCULATION 

5. The spans assumed for calculation shall be as 
follows: 

Subway Structures: 

For beams and girders with framed end connections, 
clear distance between supports. 
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For beams and girders with bearing ends, clear 
distance between supports plus 3 in. 

For beams on bed plates, distance between centers 
of plates. 

Elevated Structures: 

For cross girders, distance between centers of 
columns. 

For stringers, distance between centers of cross 
girders. 

For floor beams, distance between centers of 
stringers. 

:m'. DEPTH RATIOS FOR BEAMS AND GIRDERS 

6. The depth of beams and girders shall generally 
be not less than 1/12 of the span for members supporting 
tracks, and not less than 1/20 of the span for other mem­
bers. See "Loads and Stresses", Sect. 49. 

_:m PLATE GIRDERS 

7. Make-u! of Flange Cover plates shall not be 
used unless ang es of more than 7/8 in. thickness would be 
required. When cover plates are used the thickness of 
flange angles shall preferably not exceed 5/8 in., except 
when the gross section of the cover plates would exceed 
one-half the gross section of the flange. The gross sec­
tion of the compression flange shall be not less than that 
of the tension flange. 

8. SECTION MODULUS OF GIRDERS 
WITH OR WITHOUT COVER PLATES 

Notation: A = Area of two angles, with one or two rivet 
holes per angle deducted (See Sect, 21), 
- in sq. in. 

a = Area of top or bottom cover plate, with 
two rivet holes per plate deducted, - in 
sq. in. 

h = Depth of web - Nominal depth of girder, -
in inches. 

d = Distance between centers of gravity of 
angles, - in inches. 
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d1 = 

Sa = 

Sc = 

Sw = 

t = 

Values: 

Distance from back to back of angles 
nominal depth of girder plus 1/2 in. -
in inches. 
Section Modulus of four angles - in 
in.3 
Section Modulus of cover plates (top and 
bottom) , - in in .3 
Equivalent Section Modulus of web, - in 
in.3 
Thickness of web in inches. 

2 
Sa= Ad (I) 

d1 

Sc= a d 1 

Sw= t; (h-3) ··· · (See Sect. IQ) 

(2) 

(3) 

9. Splicing of Flange Flange members, when spliced, 
shall be covered by extra material at least equal in sec­
tion to the member spliced. There shall be enough rivets . 
on each side of the splice to develop the strength of the 
member. 

Flange angles shall generally be spliced with angles. 

Splices shall preferably be located at points where 
there is an excess of material. Where practicable, no two 
component parts of a girder shall be spliced at the same 
cross section. 

10. Web for Flange Area In computing the bending 
strength of plate girders, one-eighth of the gross web 
section shall be counted as additional flange area, as per 
Sect. , when the web is in one piece or is spliced for 
bending. No such allowance shall be made when web is 
spliced for shear only. 

11. Splicing of Web Web splices shall consist of 
one or more plates riveted on each side of the girder, the 
strength of plates and rivets to be sufficient to resist 
the shear and generally also the moment acting at the 
splice. 

12. Length of Cover Plates Cover plates shall be ex­
tended beyond their theoretical ends to permit placing of 
additional rivets in accordance with Sect. 16 . 
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Where cover plates are used, at least one upper cover 
plate shall extend from end to end of girder except when 
encased in concrete or protected against moisture. 

In open track floors of elevated structures where 
cover plates are required on track stringers, the upper 
cover plates shall all extend the full length of the 
stringer, and the uppermost cover plate shall be set the re­
quired distance below the Base of Rail. The thickness of 
this cover plate shall be not less than 5/8 in., and the 
rivets passing through it shall be countersunk at the top. 

13. Thickness of Cover Plates Cover plates shall be 
of equal thfckness or sfia1r dfmfnfsh in thickness from the 
flange angles outward, but no one plate shall have a thick­
ness greater than that of the flange angles, except as noted 
in Sect. 12. 

14. The Cross Section of the Cover Plates in each 
flange shall preferabfy form not more than one-half and in 
no case more than two-thirds of the gross section of the 
flange. 

15. Flan~e_Rivet~_through We~ The flanges shall be 
connected to the web with enough rivets to transfer the 
stress due to longitudinal shear as well as that due to 
loads supported by the flanges. When ties rest directly on 
the upper flange of elevated railway stringers, each wheel 
load, properly increased for impact, shall be considered 
distributed over a track length of 5 ft. 

Load transmitted through arch action is not considered 
as producing vertical stress in the flange rivets of plate 
girders. 

16. ~acin~ of Flan~e_Rivets (See also Sect.27). 

Notation: Number of rivets required between theoret­n = 

A = 

Al = 

a = 

ical and actual end of cover plate (not to 
be less than four.) 
Net area of one entire flange at section 
considered, not including web, - in sq. in. 
Net area of one flange (generally including 
1/8 web) inside of the cover plate for 
which n is desired, - in sq. in. 
Net area of all the cover plates of one 
flange at section considered, - in sq. in. 
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Values: 

Of 

A 

d 

f 

r 

V 

w 

p 

= 

= 

= 

= 

= 

= 

= 

= 

Net area of the cover plate for which n 
is desired, - in sq. in. -
1/8 of web area if counted on to resist 
bending, - in sq. in. 
Distance between centers of gravity of 
angles, - in inches. 
Allowable unit bending stress, - in kip 
per sq. in. 
Bearing or shearing value of one rivet 
(single shear in case of cover plates), 
- in kip. 
Total transverse shear at section consid­
ered, - in kip. 
Load applied directly to flange, - in kip 
per lin. ft. 
Distance between rivets, assuming single 
gage lines in legs of angles, - in inches. 

Rivets Connecting Flange Angles to Web 

For longitudinal shear only: 

_ rd ( A+A) 
p-v If"" (4) 

For longitudinal shear and load w applied directly to 
flange (See Sect. 15 ) : 

r p=-=======-
./ ( V . _A_) 2 + ( .W... )2 
V d A+A I 2 

( 5) 

Rivets Connecting Cover Plates to Flange Angles 

Within theoretical length of cover plates 

P
= r..Q_( A+A) 

V a (6) 

Between theoretical and actual length of cover plates: 

(7) 

17. Stiffeners Rules for stiffeners on plate girders 
are given in Sects. 42 to 47 . 
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3ZIII. BUILT-UP SECTIONS OTHER THAN PLATE GIRDERS 

18. The Section Modulus of beams with cover plates and 
of other built-up sections, not including plate girders, 
shall be computed from the Moments of Inertia of the compon­
ent parts. Cover plates for beams shall be designed in ac­
cordance with Sects. 

Ir LATTICING AND STAY PLATES 

19. Lattice-bars of compression members shall be so 
spaced that the L/r of the portion of the flange included 
between the lattice-bar connections will not be greater than 
two-thirds of the L/r of the member, and in no case more than 
40. 

Single lattice-bars shall generally be inclined at an 
angle of sixty degrees to the axis of the member, and double 
lattice-bars at an angle of forty-five degrees, with a rivet 
at their intersection. 

The latticing of compression members shall be propor­
tioned to resist a shearing force normal to the member equal 
to 2 percent of the direct load. 

Single lattice-bars shall have a thickness of not less 
than one-fortieth and double lattice-bars a thickness of not 
less than one-sixtieth of the distance between the rivets 
connecting them to the compression member, and their minimum 
width and end connections shall be as follows: 

For 8" C's 

For 9" C's 

For 10" & 12" C's 

For 15" & 18" C's 

rolled or built-up, use 2" bars 
with 1-5/8" rivet at each end 
rolled or built-up, use 2 1/2" bars 
with 1-3/4" rivet at each end 
rolled or built-up, use 3" bars 
with 1-3/4" rivet at each end 
rolled or built-up, use 3 ' 1/2" bars 
with 1-7/8" rivet at each end 

For types of latticed sections, see Fig. 1. 

,:r 
I 

JL 

Figure 1 
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20. The latticed sides of main compression members 
shall be provided with stay-plates at the ends and at any 
intermediate point where the latticing is interrupted. 

The length of end stay-plates shall be not less than 
l 1/4 times the distance between the lines of rivets con­
necting them to the outer flanges, and the length of in­
termediate stay-plates shall be not less than 3/4 times 
that distance. 

In tension members composed of shapes, the latter shall 
be connected by stay-plates, or by stay-plates and lattice­
bars. 

Stay-plates are generally not required in secondary 
members. 

X NET SECTIONS 

21. Tension members shall be designed for their net 
section, except as noted in Sect. 22, rivet holes being tak­
en as 1/8 in. larger than the nominal diameter of the rivet. 

Where rivets are staggered the net section of tension 
members shall be the smallest area which can be obtained in 
a straight or zig-zag line across the member, the net area 
of diagonal sections between rivet holes being counted at 
3/4 their value. 

In no case shall a deduction be made for more than one 
hole in each leg of plate girder flange angles, tests having 
shown that plate girders usually fail by buckling of the 
compression flange. 

XI EFFECTIVE SECTIONS OF ANGLES IN TENSION 

22. In tension members, the effective section of an 
angle when connected at its end by one leg only, shall be 
assumed as the net section of the connected leg plus one­
half that of the unconnected leg. 

When the angle is connected by both legs, the effective 
section shall be assumed as the next section of the angle. 

XI] ECCENTRIC CONNECTIONS 

23. Where eccentric connections are used, provision 
shall be made for the additional stresses produced in the 
member and its details. 

Exception is made for standard stiffener and connection 
angles on beams and girders, where eccentricity shall not be 
considered. SD-4-7 



XIII ABUTTING COMPRESSION MEMBERS 

24. Abutting members subject to compression only, when 
faced for bearing and supported against lateral deflection 
within 18 in. of abutting ends, shall be connected with four 
or more rivets to hold the abutting parts securely in place. 
When faced for bearing and not thus supported against later­
al deflection, such members shall be spliced on four sides 
for 50 percent of full strength. Abutting members not faced 
for bearing shall be spliced for full strength. 

XBl DIMENSIONS AND PLACING OF RIVETS 

25. Rivet Diameter In proportioning rivets, the nom­
inal diameter of the rfvet shall be used. Rivets shall gen­
erally be 7/8 in. in diameter. 

26. ~!Y!!_~~!E. If the grip of rivets carrying calcu­
lated stress exceeds 5 times the diameter of the rivet, the 
number of rivets shall be increased at least one percent for 
each additional 1/16 in. of grip. Where the grip would ex­
ceed 6 times the diameter, rivets of larger size shall be 
used. 

27. RiY!!_~E~£i~~ The distance center to center of 
rivets shafr be not Iess than three diameters when holes are 
sub-punched and reamed or drilled from the solid, and not 
less than three diameters plus 1/4 in. when holes are punch­
ed full size, except that when 7/8 in. rivets are used with 
6 in. stiffener or connection angles, the gage may be made 
2 1/4 in. from back of angle and 2 l/2 in. between rivet 
lines and the rivets placed 2 1/2 in. center to center both 
between and in t~e flange angles. (See General Contract 
Provisions.) 

In the direction of stress, rivets shall be spaced not 
farther apart than 16 times the thickness of the thinnest 
plate connected, nor more than 30 times that thickness at 
right angles to the direction of stress. However, in no 
case shall the spacing of rivets in the direction of stress 
exceed 6 in. 

When two or more plates are in contact and riveted for 
compactness, the stitch rivets shall be not farther apart 
in any direction than 24 times the thickness of the thin­
nest plate connected. 

At the ends of compression members, the spacing of riv­
ets in the direction of stress shall not exceed 4 times the 
diameter of rivet for a distance equal to the width of the 
member. 
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28. ~gg~_Q!it~lli~_Qf_filY~t~ The minimum distance 
from center of rivet to a rolled or finished edge shall be 
1 1/2 times the diameter or the rivet, and to a sheared 
edge 1/8 in. more, except that in flanges of beams and 
channels the gages given in the steel handbooks shall be 
used. 

The distance from center of rivet to the edge of a 
plate shall not exceed 8 times the thickness of the plate. 

29. fi!Y~t~-~hr2ygu_l1ll~t~ shall be considered only 
75 percent effective in shear, unless each filler is ex­
tended for direct riveting by at least one-third the num­
ber of such rivets. (See Sect. 56.) 

30. U~~-Qt_f1~l~-B1Y~t~ The number of field rivets 
shall be reduced to a minimum. 

31. Use of Unfinished Bolts Unfinished bolts may be 
used for connect!ng-base-piates-to grillages where diffi­
culty in riveting is encountered, provided the bolts will 
not be subject to calculated stresses. 

32, e~ar!ng_At~~-Q!_f1n~~-62lt~_ang_B1Ytt~ The effec­
tive bearing area of pins, turned bolts and rivets shall be 
taken as their diameter multiplied by the length in bearing. 
For countersunk rivets, the length in bearing shall be con­
sidered reduced by one-fourth the rivet diameter if counter­
sunk on one side, and by one-half the rivet diameter if 
countersunk on both sides. 

XXl WELDING 

33, (a) Shop welding is permitted except for: 

(1) Members or connections for elevated 
structures. 

(2) Members or connections subjected to 
impact or fatigue loading, e.g., sub­
way track floor. 

(b) Field welding of buildings is permitted, 
e.g., bus garages and above ground substa­
tions. (Design to be based on the struc­
tural specifics and economics of each sit­
uation.) 
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(c) Field welding of subway or below ground 
structures is not permitted unless ap­
proved by the Civil Engineering and Arch­
itectural Division, and is prohibited 
where shop welding is not permitted. 

34. The welding portions of the following Specifica­
tions are to be used: 

(a) Subway and Below Ground Structures 

American Railway Engineering Association 
(AREA) Specifications, 1970, for subway and 
below ground structures. 

(b) Buildings 

American Institute of Steel Construction 
Specifications (AISC), 1963, for buildings. 

~ BEARING AT SUPPORTS 

35. Only such part of bearing area shall be consider­
ed effective as is located within lines drawn at forty-five 
degrees through the edges of the supports (seepp.SD-4-lland 
S~4-12.)At sidewall columns supporting beams, the inner 6 in. 
of the column depth shall be considered in contact with the 
beam; at interior columns, the full depth under the beam 
shall be thus considered. 

36. At sidewall columns supporting beams, if the bear­
ing area as determined from sect. 35 is deficient, stiffen­
ers shall be provided on the beam. Where sidewall columns 
support plate girders, cap plates 3/4 in. in thickness shall 
be used. 

37. At interior columns, where a welded cap plate is 
used for connecting column to roof members, the plate shall 
have a thickness of 3/4 in. when supporting a plate girder 
and at least 1/2 in. when supporting a beam. In the latter 
case the thickness may be varied up to 2 1/2 in. as required 
for bearing. If sufficient bearing area cannot be thus ob­
tained, stiffeners shall be used on the beam, with cap plate 
1/2 in. thick. 

Where the reaction from one span is more than twice that 
from the other span, the beam or plate girder producing the 
heavier reaction shall extend over the full depth of the col­
umn section. 
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38. In considering bearing of columns on invert beams 
or plate girders, rules similar to those for columns support­
ing beams or plate girders shall apply. 

39. For intermediate floor beams, the distribution of 
load to be assumed at sidewall columns is shown on page SD-4-12. 

XJZil STIFFENERS ON BEAMS 

40. Stiffeners on beams shall be designed for the dif­
ference between the load transmitted (see "Loads and Stress­
es~ Sect.14 ) and the bearing value of the beam web or col­
umn, whichever is less. 

Where a beam is extended over the full depth of an in­
terior column to support a beam from an adjacent span 
(Fig. 6, pg. SD-4-11 ), the inside and outside stiffeners, if 
such are required on the supporting beam, shall be propor­
tioned, respectively, for two-thirds and one-half of the 
column load after deducting bearing value of beam web or 
column, whichever is less. 

41. Stiffeners on beams shall be finished at bearing 
end. The non-bearing end may be cut back l in. from inside 
of flange to allow space for drift pin. On account of mi­
nor variations in the distance between flanges, it is im­
practicable to fabricate stiffeners on beams so that they 
will bear at both ends. To meet this condition, two stif­
feners may be used as shown in Fig. 10 , page SD-4-12. 

The outstanding leg of stiffener angles, when exposed, 
shall extend as nearly as practicable to the edge of the 
flange. When encased in concrete, it shall be at least 
1/2 in. inside of the flange edge. The web leg shall gen­
erally be not less than 3 1/2 in. 

The thickness of stiffener angles shall be in multi­
ples of 1/8 in., with a minimum of 3/8 in. 

Rivets in web leg of stiffener angles shall be comput­
ed for vertical shear only (See Sec.23 ) . For rivet spac­
ing in 6 in. web leg, see Sect. 27. 

Where interior columns are less than 8 in. deep or 
where splice plates are used on roof beams over a column, 
the web legs of stiffener angles shall point toward the 
center of span. 
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XSZ1II STIFFENERS ON PLATE GIRDERS 

42. Stiffeners shall be provided at points of concen­
trated loading, including reaction points, at web splices 
and at free end or ends of girders. 

When the web thickness of a girder is less than 1/50 
of the unsupported distance between flange angles, inter­
mediate stiffeners, usually 5"x3 l/2"x3/8" angles, shall be 
riveted on both sides of the web. The distance center to 
center of such stiffeners shall generally not exceed the 
full depth of the web but shall in no case be less than 4 
ft. nor more than 6 ft. 

43. At sidewall columns the inside stiffeners on the 
girder shall be designed for the full girder reaction. End 
stiffeners shall be 5"x3 l/2"x3/8" angles. 

44. At interior columns, where each girder is extend­
ed over one-half the column depth, stiffeners shall be pro­
vided on each girder to transmit its full end reaction. 

Where a girder is extended over the full depth of an 
interior column to support a beam or girder from the adja­
cent span, the inside and outside stiffeners shall be pro­
portioned, respectively, for two-thirds and one-half of the 
total column load. 

45. At intermediate floor girders, the stiffeners 
over the lower columns shall be designed in accordance with 
Sects. 43 and 44. 

Where an upper colunn rests on the top flange of the 
girder and is vertically aligned with the lower column, the 
stiffeners shall be designed for the combined column and 
intermediate floor load in bearing, web rivets, however, 
being provided only for the intermediate floor load. 

The load of an upper sidewall column resting on a gird­
er is assumed to be taken by the inside stiffeners (see page 
SD-4-12), that of an upper interior column is assumed to be 
equally divided between the supporting stiffeners. 

46. Bearing stiffeners on girders shall be finished at 
bearing ends and connected to the web by enough rivets to 
transmit the calculated load and shall not be crimped. 

The outstanding leg of stiffener angles, when exposed, 
shall extend as nearly as practicable to the edge of the 
flange. When encased in concrete, it shall be at least 1/2 
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inch inside of the flange edge. The web leg shall gener­
ally be not less than 3 1/2 inches. 

The thickness of stiffener angles shall be in multi­
ples of 1/8 inch, with a minimum of 3/8 in., and shall 
generally not exceed 5/8 in. Where two stiffeners of 5/8 
in. thickness are insufficient, four angles may be used 
or, if this is impracticable, two angles with plates riv­
eted to the outstanding legs. The thickness of stiffeners 
may be greater than 5/8 in. when the thickness of flange 
angles or web of a girder is such as to require sub-punch­
ing and reaming. 

47. Stiffener rivets through fillers shall be con­
sidered only 75 percent effective in shear, except where 
fillers are extended for direct riveting (see Sec. 29), or 
where stiffeners are placed on top of web reinforcing 
plates, in which cases the full shearing value may be al­
lowed. When the web is less than 9/16 in. thick, the bear­
ing value of the rivets may govern, 9/16 in. being the 
bearing thickness which is equivalent to 75 percent of dou­
ble rivet shear. 

Stiffener rivets through flange angles shall not be 
counted on as transmitting load to web, except where stif­
feners are placed on top of web reinforcing plates, in 
which case the full shearing value of the rivets may be al­
lowed. Short web reinforcing plates may be added under 
stiffeners where space available for stiffener rivets would 
otherwise be insufficient. (See Fig. 8 pg. SD-4-11). 

XIX SUBWAY COLUMN DETAILS 

48. For built-up columns, the distance back to back 
of angles shall be 1/4 in. greater than the nominal depth 
(width of web plate,) except for 6 in. columns when it shall 
be 1/2 in. greater. 

49. In double deck structures, where an upper and low­
er interior column are vertically aligned, the lower column 
shall preferably be run through to the roof, or else be 
spliced to the upper column at the intermediate floor fram­
ing as shown in Fig. 12 (a,b &c). 
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to the lower column as shown in 
Fig. f3 

50. Where the track grade 
is 1/2 percent or less, longitud­
inal members shall be made level 
and stepped up at columns, except 
at mezzanine floors where the mem­
bers shall follow the track grade. 

Where the track grade exceeds 
1/2 percent, longitudinal members 
shall always follow the track 
grade. Beveled cap plates may be 
used where it would otherwise be 
necessary to bevel the top of col­
umns, or the columns may be run 
through and the longitudinal mem­
bers shear-connected to them. 
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51. Cap and base angles, if used on columns shall 
generally be 7/16 in. thick. 

Cap angles shall generally not be used on the web of 
an interior column 8 in. or less in depth where the super­
imposed beams are spliced at the center of column, nor on 
the flange of such column under a beam supported by a mem­
ber extending across the column from an adjacent span. 

Cap angles on web of sidewall columns shall connect 
roof member by at least four rivets for 8 in. and 10 in. 
columns, and by at least six rivets for 12 in. columns and 
over. Such angles shall not be counted on for bearing. 

Cap angles on inside flange of sidewall columns shall 
be used only where required to provide additional rivets 
for resisting side pressure. Where a sufficient number of 
7/8 in. rivets cannot be provided in the angles connecting 
a column web to a beam, 1 in. rivets shall be tried before 
resorting to a cap angle on the column fl3nqe. 

The length of cap angles on column flanges shall, if 
possible, not exceed the width of beam or column flange, 
whichever is less. Base angles on column flanges may ex­
tend beyond the flange if embedded in concrete. 

52. Bearing plates shall not be riveted to the flang­
es of interior columns supporting beams or girders for the 
purpose of increasing the bearing area at the support, such 
plates being either uneconomical or ineffective. 

:XX MISCELLANEOUS 

53. Universal Mill Plates shall be used for cover 
plates and for cap and base plates where feasible, to elim­
inate shop planing of edges and to insure full bearing 
where required. 

54. Copin~s and Re-entrant Cuts shall not be resorted 
to unless unavoidable (See "Loads & Stresses," Sect. 45). 
In any case they shall be rounded. 

55. Web Reinforcing Plates on Beams are not permitted. 

56. In Plate Girders, the total number of rivets 
through fillers or web reinforcing plates shall be at least 
equal to the reaction divided by the web bearing value of 
one rivet. ( Sections 29 & 47). 
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57. ~ec!f~cations_for Drill~n~Lrsu~unching __ & Ream­
~~[ If the thic~ness of the material is not greater than 
the nominal diameter of the rivet or bolts plus 1/8 in., 
the holes may be punched. If the thickness of the material 
is greater than the nominal diameter of the rivet or bolt 
plus 1/8 in., the holes shall either be drilled from the 
solid or subpunched and reamed. 

58. S~ecification_forrRernodelin[ Existin~_Steel When 
necessary to use flame cutting, it shall be done by approv­
ed method as directed by the Engineer. When permitted, the 
edge of the cut member shall be straight and the distance 
from the center of rivets to the cut edge shall not be less 
than 1 1/2 times the diameter of rivet plus 3/8 inch. 
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Chapter 5 
DESIGN OF SIDEWALL COLUMNS 

SUBJECTED TO BENDING 
FROM EXTERNAL SIDE PRESSURE 

A = 
L = 
M = 
p = 
r = 
s = 
td = 
f~ = 

I - NOTATION: 

Area of column section in sq. in. 
Unbraced length of column in inches, 
generally 168 for 13'-2" headroom. 
Bending moment in in. kip. 
Total direct load in kip. 
Radius of gyration of column in inches. 
Section modulus of column in in.3. 
Maximum allowable direct stress in kip per 
sq. in. 
Maximum allowable bending stress in kip per 
sq. in. (For steel embedded in concrete and 
carrying no direct load.) 
Allowable bending stress in kip per sq. in. 
for P = 150 kip. 
Allowable bending stress in kip per sq. in. 
for P =fdA 
Allowable bending stress in kip per sq. in. 
for any other load. 

Water Level= Ground water level, or T.A.datum 
(El. 100.0), whichever is higher. 

RULES FOR DESIGN: (See also "Loads & Stresses," Sects. 39 
to 41) 

2. Under ordinary conditions, only dead load is to be 
considered in determining side pressure, which shall be com­
puted as follows: 

a) In earth above water level, as one-third the vertical 
pressure, assuming weight of earth as 100 lb. per cu.ft. 

b) In earth below water level, same as above, and, in addi­
tion, full water pressure from water level. 

c) In sound rock, where concrete can be rammed into it and 
produce a seal for at least one-half the area exposed, 
as one-half water pressure from water level, top of rock 
or top of subway roof, whichever is highest. In unsound 
rock, where no such seal can be obtained, full water 
pressure shall be assumed instead. 
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d) With rock line within the span of a sidewall column, 
as full water pressure from water level or top of sub­
way roof, whichever is higher, and in addition earth 
pressure on portion above rock, except that where rock 
line is less than 3 ft. below top of column the water 
pressure may be reduced to one-half below rock surface 
if in sound rock. 

The above rules are for general guidance only, as 
drainage conditions depend on position of subway relative 
to rock surface over a considerable area; also, field con­
ditions may call for subsequent changes in design. 

3. f 1o and fe may be determined from the following 
formulas, which apply to any column length: 

For T.A. Stresses: 
L2 

f 10 = 1 7-o • o o o 4 a 5 r2 - - - - - - - - - - - - ( 1 > 
p 

For P < 150: fa = 25 2A - - - - - - - - - - - - (2) 

For p > 150: fa = -(20-f' )+(5+f' _.lQ.Q_) f'pA-P - - - (3) 
D D 2A f'oA-150 

For Bldg. Code Stresses: 
L2 

110 = 11-0. ooo4ssr2 - - - -

For p < 150: fe = 22 -i - - - - - - -
For p > 150: fe • (20 f' ) (2 f' 150 ) f'pA-P 

- D + + o- 2A f 1oA-150 

(4) 

( 5) 

( 6) 

4. In general, sidewall columns shall extend 6 in. 
below the bottom of track trough or rough floor line, un­
less riveted to a transverse grillage or invert beam; at 
side platforms, mezzanines and station entrances, this dis­
tance shall be 4 in. min. 

II - INTERIOR COLUMNS 

5. Formula to be used for the design of interior col-
umns: 

U = 17-0. 000485 ;: 
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where U = Allowable Unit Stress in kips psi. 
L = Unbraced length of column in in. 
r = Governing Radius of Gyration in in. 

Formulas for combined stresses due to direct load and 
bending are given in "Loads & Stresses," Sect. 53. 

Ill- GRILLAGES, BASE SLABS AND FOOTINGS 

6. Grillage beams shall have sufficient flange bear­
ing area, considering both flanges, to transmit safely the 
superimposed load to the concrete at the allowable unit 
bearing stress. The total width of bearing on concrete 
shall be taken as A+2B, where "A" is the distance center to 
center of outer grillage beams, not to exceed the number of 
beams less one multiplied by twice the flange width of one 
beam, and 11 B11 is the distance from center of outer beam to 
adjacent face of concrete footing, not to exceed the flange 
width of one beam. The clear distance between flanges of 
grillage beams shall be not less than 2 1/2 inches. 

7. 
the load 
concrete 
in. ( 500 

For grillages made up of standard beam sections, 
shall be considered uniformly distributed on the 
at a bearing value not exceeding 750 lb. per sq. 
lb. for Bldg. Code.) 

8. For grillages made up of wide flange beam sections 
and for column base slabs, the load shall be considered un­
iformly distributed on the concrete at a bearing value not 
exceeding 500 lb. per sq. in. (Same for Bldg. Code.) 

The lower bearing value for the concrete under wide 
flanges and slabs in T.A. design is due to their greater 
flexibility causing a substantial variation in pressure, 
from a maximum at the center of beam flange or slab to a 
minimum at the edges. 

The legs of wide flange beam sections, considered as 
cantilevers from end of fillet, shall not be stressed in 
bending beyond 20 kip per sq.in. (18 kip for Bldg. Code.) 
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TYPICAL GRILLAGE BEAMS. 
Figure 1 

9. Grillages shall be designed to resist moment, 
shear and full bearing under the column. Stiffeners on 
grillage beams, where required, shall be designed for the 
difference between the reaction and the bearing value of 
the beam webs or column, whichever is less. 

The allowable bearing value for steel shall be taken 
at 24 kip per sq. in. (18 kip for Bldg. Code.) 

Web buckling shall not 
be considered when the 
beams are encased in con­
crete and the load is ap­
plied after the concrete 
has set. 

10. Base slabs shall 
be designed for bending about 
axes X-X and Y-Y, Fig. 2 
whichever governs, consider­
ing the total load spread 
uniformly over the entire slab 
area. 

11, For grillages con~ 
sisting of two or more beams, 
the column load shall be con­
sidered equally distributed 
among the several beams. 
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12. Grillage beams shall have a depth of not less 
than 6 in. and a length of not less than l'-6". 

13. Beams or base slabs supporting columns spaced 
about 5 ft. on centers, shall be considered as distribut­
ing the load to the soil longitudinally for a distance 
equal to the column spacing, owing to the arching effect 
of the concrete. For grillages spaced further apart, 
such as those under platform columns, the load shall be 
considered uniformly spread to the soil longitudinally on 
30° planes passing through the upper flange ends as indi­
cated in Fig.3 the arching effect of the concrete being 
in this case disregarded. The transverse reinforcement, 
if any, shall be designed for the load carried over the 
full length Land longitudinal bars 12 in. center to 
center shall-be provided, the same size bars being used for 
both sets of reinforcement, with an upper limit of No. 6 
for the longitudinal bars. See also "Design of Concrete 
and Reinforced Concrete Structures." 

The grillage shall 
be designed for the 
total load uniformly 
distributed over the 
length of beam. Double 
tier grillages may be 
used if economical. 

14. The weight of 
the concrete footing 
shall be disregarded in 
the design and in de­
termining bearing on 
soil. 

/ I C I 

n 
L 

I I ■ I I 

Figure 3 

15. Figs. 4 to 6 show details of columns supported on 
one or two grillage beams, together with corresponding for­
mulas for determining the effective steel bearing area of 
columns and beams, and the design of base plates. The fol­
lowing notation is used: 

Ab = Effective steel bearing area of beam or beams 
- in sq. in. 

Ac = Effective steel bearing area of column - in sq. 
in. 

p = Total column load - in kip. 
d, e, k, p, tb, tc, tf and w = Dimensions as indi-

cated in Figs. 4 to 6 in inches. 
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ONE-BEAM GRILLAGES 

16. In computing bearing area, Formula 7 or 8 shall 
be used, whichever gives the smaller value. The thick­
ness p of base plate for one-beam grillages may be varied 
as re~uired for bearing from 1/2 in. to 2 1/2 in. If the 
required bearing area cannot be thus obtained, stiffeners 
shall be used as shown dotted in Fig. 4, with base plate 
generally 1/2 in. thick. 

Rb•{d+2*+2p)lj, __ __ . _(7) 

flc•dfc+(4!c+4p+21,-2le) I;--( a) 

SECT.a-a. 

Figure 4 

Bending shall not be considered in designing base 
plates for one-beam grillages. 

One-beam grillage s shall generally be avoided in 
cases where column web and beam web would be normal to 
each other. 

TWO-BEAM GRILLAGES 

17. In computing bearing area of grillage beam web, 
Formulas 9 & 10 shall be used. The thickness p of base 
plate for two-beam grillages may be varied as required for 
bearing from 3/4 in. to 2 1/2 in. If sufficient bearing 
length cannot be thus obtained, stiffeners shall be used 
on beams as shown dotted in Figs. 5 & 6, with base plate 
of the required thickness. 
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The base plate is considered to have sufficient bend­
ing strength when its thickness pis equal toe (Figs.5 
& 6 ), except that when the latter exceeds 2 1/2 in. the 
plate shall be designed for a bending moment of Pe/2 and 
its thickness may be increased beyond 2 1/2 in., if neces­
sary. 

The base plate, being much more flexible than the 
grillage, shall not be designed for bending about an axis 
normal to the length of the beams, but shall be assumed to 
spread the column load to the beam webs at an angle of 45° . 

h 

C 

. s.sd 

SECT. b-b. 
Figure 5 

rbr f Wo beams 
normal fo co/. wel:,: 

.Ab= 2(Wf 2k+ 2p) i--_{ 9) 
flcsTofa/ col. area. 

For lwo h•arns 
para/I~! lo col. weh: 

_l flh=z(zlrf4/c+4p)/j,] 
...c:2===a.;;:;-, nof lo exceed -{lo) 

Z(d+ Zk+ Zp)tb 
Ile= Tofa/ co/. area. 

Seer. c-c. 
Figure 6 
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PLATE GIRDER GRILLAGES 

18. Where heavy column loads or other conditions ne­
cessitate the use of plate girder grillages, the following 
rules shall be observed: 

Where the flanges of plate girders transmit the load 
directly to the concrete, stiffeners shall not be used for 
the purpose of strengthening the lower flange, and the con­
crete and outstanding legs of flange angles shall not be 
stressed beyond the values given for rolled beam grillages 
in Sect. 8. 

Both upper and lower flanges may be counted on for 
bearing, but as the load from the upper flange spreads 
through the concrete to the level of and beyond the lower 
flange the amount of this load will depend on the availa­
ble width of concrete to spread it. 

Where the flanges are insufficient for spreading the 
load to the concrete, or where enough flange rivets to 
transfer the stress due to longitudinal shear as well as 
that due to vertical pressure cannot be provided, a tier 
of grillage beams (Fig . 7) having sufficient bearing area 
to transmit the load to the concrete as per Sect. 6 shall 
be placed under such girder, and the bearing of the girder 
flanges on the concrete shall be disregarded . 

.., 

---- -
--... -

~ - - -- - - - - --
• •• •• -- •• • 

I '\) \ --~--------........ ----~--
~ Ma:r. earing w/dlh ~ 
for concrele on 5oi/. 

Figure 7 
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Stiffeners shall be provided above grillage beams 
where latter are used, and otherwise as indicated in "De­
tails of Design for Structural Steel," Sect. 42. 

Base plates, when resting on a grillage girder, shall 
have a thickness of not less than 3/4 inch. 

SIDEWALL COLUMN FOOTINGS IN EARTH 

19. In earth above water level, for the usual soil 
bearing value of 8 kip per sq. ft., the type of sidewall 
footing to be used shall be determined as follows: 

When the load carried by column and wall, including 
their own weight, is 90 kip or less, the concrete at sub­
grade shall be considered sufficient as a footing. 

When the load exceeds 90 kip, one of the following 
designs may be used, depending on economy and adaptabil­
ity: 

a) Steel cantilever footings, as given on page SD-5-12 
(Reinforced concrete cantilever footings shall not be 
used.) 

b) Steel footings projecting beyond the net line of side-
wall, as shown in Fig. 8. Double tier grillages 
(Fig. 9) may be used where single beam footings are in­
sufficient for the load. The weight of the backfill 
above the projection shall be disregarded in designing 
these footings because of the confinement of the soil 
at the projecting end. 

c) Invert beams spanning between interior and sidewall 
columns. 
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[!eve/, if' necessary, 
It? order fo avoid 
encroachrnenf on 
fracJ:. /rough. 

/i9£R. _ ..__,.._ 

Where duel~ /nferfere, _plac~ lop 
of hearn 21n.rn/n. helowducf.s . 

Min. ~lope, Iver/. 
lo /Zhor/z. 

Figure 8 

D 2 Track !rough dep/1, plus '31n. 
W= Wtdfh of tooling. 

Figure 9 

Min. slope, I verl 
lo IZ horiz. 

20. In earth below water level, a steel beam invert 
for distributing the load over the entire subgrade shall 
generally be provided. Where the need for such an invert 
is doubtful, the design shall be made for a reinforced con­
crete invert so as to avoid waste if its omission is war­
ranted by the conditions at subgrade, as revealed in the 
excavation. See also "Loads and Stresses," Sect.IS 
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SIDEWALL COLUMN FOOTINGS IN ROCK 

21. In rock, when the load carried by column and 
wall, excluding their own weight, is 200 kip or less, and 
when the bond stress between column and wall does not ex­
ceed 30 lb. per sq. in., the concrete at subgrade shall 
be considered sufficient as a footing; otherwise, a steel 
slab or grillage shall be provided under the column to 
distribute the total column load (see "Loads & Stresses", 
Sect. 17 ). The bond stress between column and wall shall 
be computed by the following formula (load in lb., dimen­
sions in in. ) : 

Bond Total Column Load = --------_,,...;;....;;...;;;..;;.;.;;;;;._.;;;..;;;;...;;;,.;;=.;;..;;_---,---,---..,,....-~---
Stress Col. length times (2 times width of flange 

plus 2 times depth of sect. minus 5") 

Footings shall, wherever possible, be designed so as 
not to project beyond the payment line. 
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Figure 10 
Figure 11 

. Figure 12 
F ORMUL/:IS (Lengths inin., Loads in kip): 

Pb Qb Pa' P Mc: Q=w; ~=~; Mc-Pa; T•-a-.: c-T+P: t;• A+ -y 
W • R~quired f"ooting width. C• Compre~ion in plafes'r and column Flange. 
P = End reaction of"" roof" bt!am, including load to a• Di.,fance f"rom cenfer line of column fo center 

back of column,plus reaction due fo infermediafe of foofing. 
flo~if"any,plu~ weighf of wall token af0.75 k ip a '=Di:,fanct! rrorn race 01 column to cenfer or 
per ft. or heigh!. foo!inq. 

Q • Upward pres.sure on porti on b or roofing b = Disfanct! f"rom face oF column lo foe of" rooting. 
(•max.shear on beam}. d=Depfh of"colurnn section . 

Mb-Maximum moment in canti lever beam. f;=Maximum unif .,frt!SS af boffom of column. 
Mc=- Momeni of boffom of column . II• tlrea of column ~ecfion . 
T., Tension in plate "0". 5 • Secfion modulu~ of"" column :Jee lion. 
Notes: Bearing on soil assumed uniform of 8 kip per sq. fl. 

Value fs ror Type I shall not exceed ZO kip per .:,c.1. in . . 
Value ~ for Type 2 shall nof exceed ZS kic per SQ. in.(22 kip for Bldg.Code). 
Bearing length of beam web, shall be taken a.s fhickne,~ t,:(Fig.lO}ofcolumn flang~ plu3 !Jl)reod fhrou9h f'illet. 
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Chapter 6 
DESIGN OF 

CONCRETE AND REINFORCED CONCRETE STRUCTURES 

The working stress design provisions spe~ified in the 
"ACI Standard Building Code Requirements for Reinforced 
Concrete (ACI 318-63)" as modified below shall be used for 
design. 

However, provisions of other acceptable codes, e.g., 
N.Y.C. Building Code, may be used for a particular design 
project, if approved by CEAD. 

Use loads as specified in "Loads and Stresses" and 
"Design of Sidewall Columns." 

No reduction (based on these design standards) shall 
be made to the Authority's typical arch construction. 

Modifications to ACI 318-63: 

1. Use ACI 318-71 Chapter 3 - Materials, in lieu of 
ACI 318-63 Chapter 4 - Materials. 

2. Use ACI 318-71 Chapter 7 - Details of Reinforce­
ment in lieu of ACI 318-63 Chapter 8 - Details 
of Reinforcement. (See also Sections 12 and 13, 
below.) 

3. Use ACI 318-71 Chapter 12 - Development of Rein­
forcement, in lieu of ACI 318-63 Chapter 13 -
Bond and Anchorage - Working Stress Design, Sec­
tion 918 - Anchorage requirements - General and 
Section 919 - Anchorage of web reinforcement. 

NOTE: Use the corresponding provisions of 
Chapters 3, 7 and 12 in ACI 318-71 
for cross-references to Chapters 4, 
8 and 13 in ACI 318-63. 

4. DENSITY_OF_PLAIN AND_REINFORCED CONCRETE 

w = 150 lb./cu. ft. 

5. PROPORTION OF MIX 

Use a 1:2:4 mix. 
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6. QUALITY OF CONCRETE 

Compressive strength of concrete (f'c) at age of 
28 days= 3000 psi. 

7. REINFORCING BARS 

Deformed bars shall be rolled from first quality 
new billet steel, and shall conform to the "Spec­
ification for Deformed Billet-Steel Bars for 
Concrete Reinforcement," ASTM serial designation 
A615 for grade 60. 

Allowable tensile stress= 24,000 psi. 

8. ALLOWABLE STRESSES IN NON-REINFORCED 
CONCRETE ARCHES 

a. Compression: 

fc = 0.25 f'c = 750 psi 

b. Tension: 

fc = Fa = 55 psi 

c. Shear: 

v (as a measure of diagonal tension) 
= /T'c = 55 psi 

9. ALLOWABLE BOND STRESS BETWEEN 
CONCRETE AND ROLLED SHAPES 

u = 30 psi 

10. TRACK SLABS 

A. Minimum Thickness 

The minimum total thickness of reinforced con­
crete one-way slabs supporting tracks shall be 
1/12 of the span. 

B. Allowable Stresses 

a. Concrete: Multiply all allowable 
stresses specified in these de­
sign standards by 0.55. 
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b. Reinforcin~_Steel: Multiply allowable 
stress specified in 
these design stand­
ards by 0.75 

c. Shear Reinforcement: 

Provide a minimum of shear reinforce­
ment as specified in Section 11, below. 
Shear reinforcement shall consist of 
stirrups perpendicular to the longitud­
inal reinforcement. 

11. SHEAR REINFORCEMENT 

Provide a minimum of shear reinforcement in all 
primary reinforced concrete beams and girders. 
This reinforcement shall consist of at least #3 
stirrups perpendicular to the longitudinal re­
inforcement and spaced not further apart than 
d/2. 

12. COVERING OF BARS 

13. 

The distance from the concrete surface to the 
outermost surface of the steel shall be as fol­
lows: 

Minimum Standard 

a) In wall footings and col-
umn footings 3" 3½" 

b) At surface exposed to 
weather 2" 2½" 

c) In beams and columns 2" 2½" 
d) In slabs and walls l" l½" 
e) In thin slabs (effective 

depth less than 4 II) 3/4" l" 

SPACING OF BARS IN A LAYER --------------------------
In beams and slabs, the minimum center to center 
distance of parallel bars shall be 4" for No. 6 
or smaller bars. For larger bars, the minimum 
clear space between bars shall be 4". 
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14. NEGATIVE REINFORCEMENT IN SIMPLE BEAMS AND SLABS 

In simple beams and slabs supported on interior 
or side walls, negative reinforcement of at 
least 1/2 times the maximum area of the positive 
reinforcement shall be placed above the supports 
to prevent cracking. These bars shall have a 
length of at least 50 times their thickness and 
shall extend to the quarter points of adjoining 
spans. 

15. BEARING FOR STEEL BEAMS 

Where steel beams rest on concrete walls, provide 
bed plates set back from face of wall a distance 
of 1/4 times the wall thickness, not to exceed 
3". The bed plates shall be considered as trans­
mitting uniformly the full end reaction. 
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Chapter 7 
WATERPROOFING OF SUBWAYS 

WITH CONSTRUCTION FOR SUBWAY FLOOR 
AND DETAILS OUTSIDE OF STEEL IN 

ROOF AND SIDEWALKS 
ROOF 

Above El.100. O At Stations 2" Min.Conc.-1 Ply W.P.- l Layer 
or Ground of Brick in Asoh.Mastic-4 11 Cone. 
Water Level Bet.Stations 2" Min.Conc.-3 Plv W.P.-4" Cone. 

Below El.100. 0 At and Bet. 2 II Min.Conc.-1 Ply W.P.-1 Layer 
or Ground Stations of Brick in Asph.Mastic-4 11 Cone. 
Water Level 

SIDE WALL 

q . 
At Earth 4 "± Cone. -3 Ply Waterproofinq-4 11 Cone. 0'0 

41 o C: M r-i Stations Rock 4 "± Cone. -3 Ply Wateroroofinq-3 11 Cone. >r-i04141 
0 . .Q> Between Earth 6"± Cone. No . 6 Rods, Horizontal, l' 6 11 Ctrs. .O r-i J.. ~ 41 
<IL)C):r-i Stations Rock 3" ± Concrete 

-c::, At & Earth 4 11 ± Cone. -4 Ply Waterproofinq-4 11 Concrete . . 
*Earth 2 11 -± Cone . - 4 11 Brick in Asph.Mastic-1 Ply 0'0 . Between 

!3:0S:::Mr-i Stations W.P.-4 11 Cone. * Or-i011>41 
r-i ~ +> > Rock 4 11 ±Cone. -4 Ply Waterproof ing-3 11 Concrete 
4l r-i M ct! IV 

e:! tx.l o _ :ii: r-i 

*To be used for severe water conditions approximately 
12 ft. or more below El.100.0 or Ground Water Level. 

INVERT 

B.of R. Above Earth 12" Concrete, if approved by the s:: El.100.0 Civil Engineering and Q) ti) or 
Q) s:: Ground Water Architectural Division :l 0 

.+J .+J ·.-4 Level Rock 6" Concrete 
,c:i: Q) .+J 

B.of R. Below Steel Invert-4 11 Conc.-lLayer of Brick ~ r1j 
.+J El.100.0 or in Asph.Mastic-1 Ply W.P.6" Cone. 'O CJ'l 

s:: Ground Water Earth Rein£. Conc.Invert-1 Layer of Brick 
r1j 

Level in Asph.Mastic-1 Ply W.P.6 11 Cone. 
Rock 6" Concrete 
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FLOORS OF SIDE PLATFORMS, PASSAGEWAYS & ENTRANCES 

Top of Finished Earth 
Floor Higher 
than 5' Above Rock 
El.100.0 or 
Ground Water 

Top of Fin. Floor Earth 
Bet.El.100.0 or 
Ground Water Rock 
Level & 'Above 
Floor Below 
El.100.0 or 
Grounu Water Earth 
Level 

ock 

No W.P.-8" Cone. No. 5 Transverse 
Rods - 12" C 

No Waterproofing - 4" eoncrete 

8" Concrete-3 Ply Waterproofing-
4" 0 

"Concrete-3 Ply Waterproofing-
4" Concrete 

Steel Invert-" Conc.-1 Layer of 
Brick in Asph.Mastic-1 Ply W.P. 
6" Cone. 

Reinr. Cone. Invert-1 Layer of Brick 
in As h.Mastic-1 Pl W P.-6" Cone. 

latrorm Cone.- Ply Waterproofing-
4" Concrete 

NOTES FOR WATERPROOFING OF SUBWAYS: 

1. Chiller Rooms, Climate Changer Rooms, Under Platforms, 
Fan Rooms, Fan Chambers and Control Roonus, Elevator and 
Escalator Machinery Rooms and Pits, Ejector Rooms, Sump 
and Pump Chambers, Circuit Breaker Houses, Electrical 
Distribution Rooms, Electrical Panel Rooms, Substations, 
Relay Rooms, Signal Tower Control Rooms, Central Instru­
ment Rooms, Communications Rooms, Compressor Rooms, Tel­
ephone Compartment Rooms & Cable Shafts to be completely 
protected by waterproofing. 

2. At the start or each contract, a recommendation for the 
use of either (a) ASPHALTIC membrane waterproofing or 
(b) ELASTOMERIC membrane waterproofing shall be submitted 
to the Civil Engineering and Architectural Division for 
APPROVAL. 
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Chapter8 

NATURAL VENTILATION DESIGN CRITERIA BETWEEN STATIONS 

1. A blast shaft with 200 ±. square feet net grating 
area shall be provided at the entrance portal of 
each station. (See layout on page SD-8-5). 

2. In addition to the blast shaft, vent shafts with 
a net grating area of 1.0 square foot for every 
850 cubic feet of tunnel volume shall be spaced 
uniformly between the stations in banks of 6 to 8 
bays per bank. The first bank of gratings shall 
be placed as close to the end of the previous 
station as practical and will function as relief 
vents for that station. Tunnel volume shall be 
measured from end of platform of previous station 
to beginning or platform of next station, not in­
cluding volume or enclosures. 

3. Vent shafts for emergency fan chambers between 
stations shall be utilized for natural ventilation 
net area requirements by providing an inlet open­
ing to bypass fans where feasible. 

4. Large single shafts shall be substituted for banks 
of vents when the subway is constructed under deep 
cover. The net area of the large single shaft 
shall be equal to the net grating area of the sub­
stituted banks of vent. 

5. The net cross-sectional area or the vent shaft 
safety grill or other obstructions shall not be 
less than the net area of the grating. The net 
grating area is the cross-sectional area of the 
opening minus the area occupied by bearing and 
cross bars. 

6. The standard vent shafts shown on pages SD-8-3 
and SD-8-4 shall be used except where a sidewalk 
width is less than 13 feet or where utility 
restoration precludes a standard 4'-0" x 4'-2" 
vent shaft, in which case the modified vent shaft 
shown on pages SD-8-9, SD-8-10 and SD-8-11 shall 
be used . 
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MODIFIED 
VENT SHAFT 

A"'"'"',..,• Na+ G,o+,r,g A raa 
- ,, _, !$ Ft• p•r ~ Ft. 6oy fo ,­
Na + A r ao C o,..,pv fo+ ,on 

As• u,., & N• + (j ,o+m g Ar•a 
- II 7!5 Ft. 2 po.r !5 F f , .ec>r ,/:or 
Na+ Ar11,a C o,..,p1.do f1a r, 

n 
VENT SHAFT THRU ROOF 

(FLUE UNDER ROADWAY) 
~ 

CROSS REFERENCES 

Typ ica l Jn+.r{ar&flC / 

------ ___,/ 
NOTE: FLUE ACCESS TO TRACK­
WAY-WILL BE DETERMINED BY 
LOCATION OF SUBSURFACE 
STRUCTURES AND UTILITIES. 

For Section a-a------ See Page SD-8-3 

NATURAL VENTILATION DESIGN CRI,TERIA AND VENT SHAFT STANDARDS 
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Typical 
Interference 

. , , 

. . 

2 '· O " - M ofon za.d Dampa.rs ptoca.d af ''a' 'Lma, 
O'· 6 " - Mofonza,d Oampa.r6 p/act1,d of 

fUf<Zrnafa, locafion ----~ 
Curb 

/1 / t a,rnofa. Loco t ,on of 
,Vlofon za.d Dump,z,r 

VENT SHAFT THRU ~DEWALL 
( FLUE UNDER SIDEWALK) 

~., 

Str•o t Cu,- 1:, 
S..,rloc o -.... l ,no. 5,dowollc 

Raia. ,o, rnoior ,z-od 
Oo,..,.,p a. r 

NOTE: 

I 

~LUE ACCESS TO TRACKWAY WILL BE 
DETERMINED BY LOCATION OF SUB-
SURFACE STRUCTURES AND UTILITIES 

VENT SHAFT THRU SIDEWALL 
(FLUE UNDER ROADWAY) 

hJ-.L...!" 

NATURAL VENTILATION DESIGN CRITERIA AND VENT SHAFT STANDARDS 
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Cu,-b 
/.. 1,i(I,, 

PREFERRED CONDITION AT FIRE HYDRANT OR LIGHT POLE 

LAYOUT OF STANDARD BANK OF 8 VENT SHAFTS 
MH" 

,,, 

LOCATION OF BLAST SHAFT GRATINGS 
~"· 

CROSS REFERENCES 

For Standard Vent Shaft 
Construction Details - - - - See Pages SD-8-5, SD-8-G,SD-8-7 

For Modified Vent Shaft 
Standards - - - - - - - - - - See Pages SD-8-8, SD-8-9.SD-8-10 

For Modified Vent Shaft 
Construction Details - - - - See Pages SD-8-11,SD-8-12,SD-8-13 

NATURAL VENTILATION DESIGN CRITERIA AND VENT SHAFT STANDARDS ! 
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I I 
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(FLUEetnJe~R ~loAEWALK) 
Sco /e . b Ll-t'.~t 

PLAN A-A 
(FLUE UNDER STREET) 

0 I i_J 
Seo /, , ..,.. P"-1 .r;, 

CROSS REFERENCES 

For Sections B-B,B 1 -B 1 &C-C----- See Page SD-8-6 
For Section C1-C 1 ------------- See Page SD-8-7 
For Detail "A~---------------- See Page SD-8-7 
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NOTE: 
THE-MODIFIED VENT SHAFT SHOWN ON PAGES SD-8-8,SD-8-9& SD-8-10 
SHALL BE USED ONLY WHERE THE SIDEWALK WIDTH IS LESS THAN 13 
FEET, OR WHERE UTILITY RESTORATION PRECLUDES THE USE OF THE 
STANDARD VENT SHAFT CONFIGURATION SHOWN ON PAGES SD-8-2 &SD-8-3 

NOTE: 

MODIFIED VENT SHAFT 
THRU ROOF 

(FLUE UNDER ROAOWlY) 
~ .. 

INTERFERENCE 

THE-MODIFIED VENT SHAFT SHOWN ON THIS SHEET SHALL BE 
USED ONLY WHERE THE SIDEWALK WIDTH IS LESS THAN 13 
FEET, OR WHERE UTILITY RESTORATION PRECLUDES THE USE 
OF THE STANDARD VENT SHAFT CONFIGURATION SHOWN ON 
PAGES SDQ8-3, SD-8-4, SD-8-5 

CROSS REFERENCES 

FOR SECTION a-a - -------- SEE PAGE SD-8-9 

FOR MODIFIED VENT SHAFT 
<roNSTRUCTION DETAILS - - - - SEE PAGES SD-8-ll,SD-8-12,1 

SD-8-13 

MODIFIED VENT SHAFT CONSTRUCTION STANDARDS 
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Note: 
Waterproofing 
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2'-0" with Motorized 
Dampers 
0' '-6" without Motor­
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These Standards for Station Planning 
are designed to provide guidance to the 
Project Architect during the process of 
initial planning and design. It furnishes 
the basio criteria applicable to stations 
~ith which the Project Architect should be 
familiar, 

Stations consist primarily of space, 
equipment and people. It is the task of 
the Project Architect to integrate the 
people with the space they pass through 
and the equipment they use and vie~~ The 
station \ design should therefore be one which 
satisfies the operational needs of the 
transit system and the aesthetic needs of 
the passenger. 

These Standards do not constrain the 
imagination of the Project Architect, in­
stead they permit and encourage him to 
evolve the best design ponsible within 
budgeta y constraints by coordinating all 
the ele ents in a pleasing and meaningful 
way. 

If it should become necessary or 
desirab e for the ·Project Architect to 
deviate from thece Standards he muat sub­
stantiate the need for the de viation and 
submit the proposal to the Tr ansit Author­
ity Executive Officer for approval. 

CHIEF ARCHITECT 

PAUL KATZ 

AUTHOR 
ISAAC 

LAWRENCE es-m~ 

\ REV. May 15 
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When platform columns are required the minimum 
distance between a column and the platform edge 
shall be 5'-0". 

- All accessories required ror the operation or 
the transit system and exposed within the sta­
tion (ie. conductor's board, signal equipment, 
antennas, etc.) are to be incorporated into the 
total design. 

- Provide platform edge and warning strip . as per 
standard TA design. 

- All above ground stations are to be provided 
with full length canopies and full length 
windbreakers. 

- All platfrom and mezzanine columns must be fire­
proofed when located within property lines. 

- Platform and mezzanine steel columns may be 
enclosed. 

- All approaches to vertical circulation on above 
ground platforms are to be provided with elec~ric 
snow melters. 

All station sidewall5 adjacent to a track are 
to be provided with "grab bars". t 

11 
. 

.r_l 1h • fnon•me ;. ,c 
- Grab bars are to be of~ inch round ~$a,nloeo 

I l JiS,~inches long , spaced ;.,:, ' & 11 on center .(st-and.3rd TAdes19➔ 
2.~ vert1c~lly 7, 't- \&'-o'' 

- Grab bars are to be mounted 5 foot from floor 
(base of rail or toe bench) .to bottom of bar. 

0. EMERGENCY FACILITIES 

Fire Lines 

closest to the station metc:r- toom, 
2~0· from the bulld1nq I ine recesS>ed •. 
into the s'ide w~ \ K. 

- Wet fire lines are to be installed in each 
station with siames inlet s tandpipe connect­
ions at street leve twit" , , 1 1 t, 1 ao rntre ee 
conforming to Fire Department standards. 

- The wet fire lines are to be situated in a 
manner which will ~rovide three (3) hose 
valves per platform. They are to be recessed 
in a fire hose cabinet (Standard TA Design) 
in the station sidewall at side platforms and 

SP-2-6 • 
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I. SEATING 

TYPES 

- Individual seats grouped. 
- Benches with separators for individual seating . 
- Benches and seats are to have replacable units. 

LOCATION 

- Within control areas. 
- Along platform- as required. 
- Arranged not to interfere with passenger circu-

lation. 

J. PIPE IDENTIF ICATION 

- To be coded as per TA standards. 

K. TOILETS 

TYPES 

- Public toilets for men and women at transfer 
and major stationn only. 

- e=a Employee toil_et~, 1 .. 1 ieli, a.·& reG.\.H re d. 
Crew room toilets witn prov~sions to suit each 
specific situation. 

GENERAL REQUIREMENTS 

- Public toilets shall have an attendant station, 
supervising both the mens and womcna toilets. 
With provisions for closing the facility at 
night. 
All public toilets to be located in the . paid 
area of the station, preferrably within view 
of the token agent. 

- All stalls are to have coin locks. 

HANDICAPPED REQUIREMENTS 

Each public toilet (men & ladies) shall have 
one stall with the following requirementss 

- Widths ~" b'-o" 
- Depths 4;;:-8,. m ! o i ma s '-o" p::e5tP-rt9!i! 
- Door width:jm'" s wing out, not to interfere 

with access to other stalls. 
- Handrail'S on aadS interior side of the stall, 33" 

high and paralle l ~o the floor, 1-1/2" clearance 

SP-2-8 

,, 

' ' 





between rail and wall, fastened securely at 
ends and: center of rail. 

- Water closet with seat 20" from the floor. 
• Stall to be identified with appropriate graphics. 

L. ·Pt,Jl3LIC TELEPHONES (STANDARD TA DESIGN) 

- Public telephones within view of the token agent 
ar.e to be provided in and outside of the paid 
areas of the station. 
The Telephone s shall have a '911' emergency pro-
vision. _ 

- One phone to be provided for the hard of hearing 
and shall be identified with appropriate graphics. 

• Provi&ionsfo r public telephone..sare tobeprov,ded c:>t the 
M. ADVERTISING (STANDARD TA DESIGN) stc1)t1on platforms. 

LOCATION 

- Not to conflict with graphics. 
- To be treated as elements within the total 

station design concept. 
- To be grouped in selected areas. 

N • ~ONCESS IONS ( STA'ND.b.!lD TA DESIGN) 

' LOCATIONS 

o. 

- Not to obstruct passenger flow or interfere with 
the operation of transit facilities. 

- Accessible to normal passenger flow. 
- Concensions not permitted on platforms. 

Not to interfere with other concessions or adver­
tising. 

- All concessions to be observable by the token agent. 

GENERAL REQUIREMENTS 

Automat ic vendinq must be within view of the token 
agent and is to be grouped in units of an approved 
modular design. 

- All manned concessions and storage areas to b~ 
provided with •r:r1 nlrJ \ :Zl'!fem&.f1re protection as per TA 
Concess ionaires are to use rub_ber-tired dollies &tondard, 
and hand trucks only rather than steel wheeled 
which tend to damaqe stair and floor finishe~. 

- Areas chosen for concessions are to be designed 
as part of the total station concept and not as 
an after-thought. • 
wet vending ,snot permitted) however oreas designated for 

MAINTENANCE, ~ERvrcE , E0.u • · mN'l' nooMs vending ore to be pro\l\ded 
with concealed utility 
connect,ons mc\ud\n9 re.Quired SP-2-9 
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The following rooms shall be provided as required. 
For heat ing, ventilation and air cooling require­
ments, see ventilation and air cooling standards. 

EQUIPMENT ROOMS 

- Electrical Distribution Room (normal and 
reserve_) 

- Ejector Pit 
- Electrical Duct Manhole 
- Central Instrument Room 

Pump Room (with~ below) 
- Relay Room 't:. SUmp 
- Circuit Breaker House 
- Fan Room ~\f\'tenoY\ce fer50n1'\e\ 
- Climate Changer Room (with adjacent '!I I I J.j 

5g · , 1 • Room) 
- Moving Stair Machinery & Pit Areas 
- Panel Board Room 
- Telephone Compartment Room 
- Radio· Baoe Station Room 
- Other Areas as required 

SERVICE ROOMS 

- First Aid Storage · c1oset (for medium station) 
- First Aid Treatt"2nt Room (for major station) 
- Storage Rooms 
- Dispatcher's Office 
- Police Quarters 
- Toilete, Public & Employee 
- Other Areas as required 

MAINTENANCE ROOMS 

- Porter's Closet (mezzanine & platform) 
- Refuse Disposal Area 

Track Lubrication Room 
- Maintainer's Quarters (for Siqnals, Tracks , 

Power, Structure & Line Equipment Groups) 
- Dress ing & Locker Room 
- Utility Room (for automatic floor scrubber) 
- Other Areas as required 

P. DOOR SIZE AND TYPES 

- All doors 3'-0"x7h·0" with louvers except-

sr-2-10 
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- Ejector Pit - louvered double door~ 
4'-0" X 7'-0" 

- Pan Hoom - dust tight sliding door 
3'-6" X 7'-0" 

Pump Room - non-louvered sliding door 
4 1 -0 11 X 7'-0" 

ELECTRICAL DISTRIBUTION ROOM 

General 

Personnel 

Equipment 

doors 
-3'-0" x 7'-0" H.M. Class 'A' 
Fire Door 

• .-panic hardware 
-swing out 
-dustproof (o5. p~f"m,tted b)I U. L..) 

doors 
-pair of 4'-3" x 8 1 -b" H.M. 
Class 'A' Fire doors, stting out 

-or - 81 -6" wide x 81 -0" high 
Class 'A' rolling fire door 

-dustproor (c,s permitted b'j U,L..) 

Requirement s for rooms located above tracks 

Personnel - Two doors located at opposite ends 
of room 

Equipment - Removable floor hatch (8J-0" x 10'~0") 

Requirements for rooms located adjacent to 
tr.Ack duct bench 

Personnel Two doors located at opposite ends 
or room re.ce ssed 

- Doors are to be •1:1de4 "hen opening 
on to duct bench 

Equipment .. - Rolling Door 
- Drum located on interior side.of room 

All other locations 

Personnel - ~o doors located at opposite ends of 
room 

Equipment - Pair of H.M. doors 

SP-2-11 
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u. TOKEN BOOTHS 

At each station, one token booth shall be desig­
nated as the Master Token Booth and shall be equipped 
with public address and TV facilities as described 
above in Paragraph~~ and T. 

• C.Q., R 

In addition, each token booth shall have the 
following corrmunications equipments 

Each booth shall be provided with a telephone. 

Each booth shall be provided with a public inter­
corranunication system. This system shall p~rmit the 
booth agent to talk to people at the selling window. 
A separate amplifier shall be provided for each sell­
ing window. All required equipment for this system 
shall be installed in the booth. 

Each booth shall be provided with a Station 
Department intercommunication system. This system 
shall enable the booth aqent to communicate with 
designated field oupervi~ors and with Jay Street Sta­
tion Department headquarters. The auxiliary equipment 
.required for this sys tem shell be installed in the 
Telephone Compartment Room. T.A. cable shall be used 
to connect the booth agent to field supervisors and 
Jay Street. • 

In addition, the following communications equip-· 
ment may be required in token boothaa 

At outdoor stations, where required, emergency 
alarm equipmerit shall be installed in a designated 

. ·token booth. • 

Where elevators are installed in stations , an 
elevator intercommunication unit shall be installed 
in ·a designated token booth. 

V. TELEPHONES AND MISCELLANEOUS EQUIPMENT 

Telephones shall be provided in rooms as required 
(e.g., Relay Rooms, Signal Rooms, Crew Rooms, Dispatch­
er's Offices, Electrical Distribution Rooms, ~quipment 
Rooms of various types, ~tc.) and on station platforms . 

SP-2-14 

,. \ / 





- I 
l 
I 

- Minimum cle~rance: 2-1/2" between edge of hg-~• 
rail and wall. 

- Handrails and Center Stair Railings ar to be 
3'-0" hi~h above landings and continuous through 
all intermediate landings. 

Extend handrai ls 18" beyond top and bottom risers 
wherever possibl e, however, no less than 12" is 
permitted. 

- Handrails for both sides of a stair. 

- Maximum stair width without Center Railing: 
7 ! -ij II • . 

- Handrail end s nall return to wall. 

- Minimum height of railing around stair well 
opening: 3'-8". 

- Sta,r trou9h- T~ 5tondard. 
GENERAL ST AIR CRITERIA 

Stairways shall not merge into stairnays or lesser 
capacity unless provisions for future widening are 
included. 

- In high density and/or traffic areas provide a 
mini~um of four en~rances per control area. 

- Where stairs occur alongside a moving stair, the 
nosing line should be set to match the slope or the 
moving s tair and the stair situated in a manner that 
the handrail remains belo~ the moving stair deck 
plate. 

t.o be 
- ••• Sot tom and top riser of each stair run/' yellow 

as per T_A standards. 

2- MOVING STAIRS 

/ 

- GENERAL REQUIREMENTS 

- Escalation is to be provided by including at least 
one up and one down moving stair from street to 
mezzanines, galleries and plntforms in addition to· 
normal s tair requirements. 

I 
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Moving stairs to and from street level are to 
be located at the point of greatest passenger 
traffic wherever possible. 

- Speedi 90 & 120 feet/minute. 

- Reversible moving stairs. 

- Automatic starting treadle, top and/or bottom, 
where and when· .specified. 

- Access to machinery rooms and ~ovinq stair pits 
outside of passenger flow wherever possible. 

- Emerqency shut-off switches at head and base of 
moving stair and in nearest full time token 
booth. 

- All e~calators shall have sprinkler systems. 

- Hundrails are to be black and are to have white 
circular inserts spaced approximately 2'-0" on 
center. 

3- ELEV A TORS FOR THE HANDICAPPED 
- Each station is to be provided with an elevator 

from the street to the mezzanine and from the 
mezzanine to each platform. Design criteria 
as per TA standards. 

4- RAMPS 
~EGUl~EMENTS FOR USE B'i THE H~HO\C,ta.PPEO 
- Slope of r~tnP : s•/. m~)(.\mum 
:. Ma ><.,mvm rctim p \ength : so~o" 
- M1n1mum 1nterrned1~te l~no.lng leng~h ! ~•-0

1
'. 

GENERAL REQUIREMENTS 

- Slope of rampi a, maximum, 

- Width determined by projected patronaae. 

- Continuous handrails along both sides. 

- Provide electric snow melters for exterior 
ramps. 

Provide drainage. SP-3-4 
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Chapter 4 
LIGHTtNG 

1~GENERAL J;ti !i ;:;:4 REGUIREMENTS 
Lighting should be of a nature and type _ applicable 
to a rapid transit station. Pa6 senger safety and 
ease of maintenance should be given prime consider­
ation. The fo llowi ng criteria should be considered 
minimum and varied t o allow the lighting to comple­
ment the s,tation design concept. 

CONCEPT 
, 

Illumination l evels within any major area should 
be varied t o create interest and to point out 
specific local a r ea functions. Similar functions 
should have the same illumination levels through­
out the station. Typical areas to be emphasized -

SP-4-1 
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' would be platform edges, t ops and bottoma of 
stairways and moving s t airs , token booths , 
information signs, etc . Glare from lighting 
sources should be kept to a minimum. _ 

FIXTURE CRITERIA 

- Enclosed type fluorescent fixtures may be used 
only in mezzanine and ent r ance areas. 

. ... ' . 
- Fixtures ·shall .-be readily maintainable and 

fabricated of industria l grade materials to 
minimize vandalism. • 

- Mounting positions for fixture shall be per­
manently fixed after final installation. 

LAMP CRITERIA 

- Fluorescent and mercury lamps are to be uaed 
for all station -areas. Incandescent lamps may 
be used only in pipe chambers, escalator en­
cloaurea , equipment and maintenance areas , etc. 

- Mercury lamps may -be utilized for special 
application and effects and not for broad · 
general application. The mercury lamp is to 
be a non- reflector type, phosphoroua coated 
of 100, 175 and 250 watt .sizes. 

cool white 
- Fluorescent lamps shall be only o f 

4 foot and 6 foot lengths. 

ILLUMINATION LEVELS 

-- The listed illumination levels are average , 
maintained, in service values with a floor 

• working plane and Maintenance Factor of 0.65. 

AREA 

- Platform, below ground 
- Platform, above ground 

with ca nopy 
- Platform, above g~ound 

without canopy 

SP-4-2 
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4- REFERENCES 

- Guidelineo and Principles For Design of Rapid 
Transit Facilities - Mo')' 1q13 
Ingtitute For Rapid Transit .. 

• .IES iighting ,Handbook 
Illuminating Engineering Society· 
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Chapter 1 
REFUSE DISPOSAL 

1iECEPT/1C LES 
' _·1. REFUSE @@Jt Pf1° 11 S FOR PASSENGER USE 

(STANDARD TA DESIGN) 

- To be located in all station areas accessible 
to the passenger. 

1 ~- DISPOSAL SITES FOR COLLECTED REFUSE 

TYPES 

•- Island Platform 
- Side Platform 
- Terminal Station 

~- . LOCATION 

The disposal site is to be located in an extended 
area beyond on~ end of the passenger portion of 
the station platform. · 

SP-7-1 
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ISLAND & TERMINAL PLATFORMS 

- one pe r platform 
- location to be designated 

SIDE PLATFORMS 

- one per platform 
- located at outbound end 

~- SIZE OF DISPOSAL SITE-· 

- Clear Heights same as platform 
- Length: 15'-0" minimum 
- Widths platform width less clearance for 

tunnel walkway 

5- EQUIPMENT & ACCESSORIES 

BALING MACHINE 

- one mach ine 
- used only at sites generating a high volume 

of refuse 

REFUSE CANS OR ROLL-ONS 

- as required 

VENTILAT ION 

- positive system 

SPRINKLER SYSTEM 

- connect to domestic supply 

FLOOR DRAINS 

- provide sedimentation bucket 
- connect to track drainage 

HOSE BIB~ 

- one at each site 
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' ELECTRIC CIRCUITRY 

- include provision for baling machine at each 
site 

SAND BOX 

- one at each site 

LIGHTING 

6- ENCLOSURE TREATMENT 

Platform End Walls 
- Horizontal closing door with side coiling box 

against or recessed into wall or suiiable 
alternative. 

Track Sider 
- Overhead rolling shutter · door opeuated manually 

from the duct bench. 
- Alternates 5'-0" high masonry wall with S'-0" 

opening for access to disposal site. 

Interior Finishs 
- Concrete wall surfaces to receive epoxy paint to 

provide eany maintenance . 
Ceiling and floor surfaces to be duct proof. 

1-r GENERAL REQUIREMENTS 

TOOL ROOM ~+ +errrH(\~\ 
- include . a 12 'x12' room &tt zmina'.I! stationo for 

· car cleaner tools. 

- whenever battery chargin~ is included, provide 
a mechanical exhaust system. 

DISPOSAL OF REFUSE 

- Collected refuse will be transferred onto work 
trains. These trains in turn will transfer the 
refuse at diGposal yards to private collectors. 
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~- -.. - - - - - - -· -- r----- ·-

- Environmental Control 

- Graphics Standards Manual ,.. 

•.3- TYPICAL STANDARDS FOR STATION AMENITIES 

- Exit Ga t es - fart lime Entrdnce e,0YY.1er 

- Turnstiles - Tempor~ry Enhance Enc\0>ure 

- Advertis ing - frac:k ~U Sr.ab esr 
- Conces sions - Poropef ~f'ery e~rr,er 
- Railings & Handrails - Hyr~u lie elev~tor 
- Telephones - e\ev~tor ~ 

- Utility Cabinets - E\e.vo+-cr ~\\ 

- Conductor's Starting Light - l:seo\ator al""G S~\'(' Lond1ng 

T.v. Surveillance - eSCo~½-or Tre:,idle 
- Passenger Address System - eseo~-\or Modue, ~, & Emergerq~p 

- Refus e Receptacles - St.a+icn N~mes ~d, l.oca'r\ons 

- Illuminated Entrance Po st - 6r-.fh1cS f'crTemponi.ry Entrd,Erc\csL=~ · 

' . 

- Token Booth -. Hard Wore 

Sta,r Trough 

- Tr~k. Wa \l fin. It dra,~ge details 

- f'~tform Edge 

.. Ut,\,ty Acce~s Cover 

M&n,fold t.ab1net 

lo,tet fur the \ioVldtCPf'ped 

- 5tard.~rd Sta\r Tr~d 

- Ante nV'\e 

free ~n:im9 11tum. A:::hert. Pdre \ 

- P1u9-1n lllum. Advert . Fd-nel 
- f'\atfur rt' drdtn. 

~ CODES & REGULA TIONS 

- The New York City Building Code is not applicable 
in transi t station design, but can be used a s a 
guide in areas not specifically covered by the 
Trans i t Authority Structural Design Standards_ or 
these Station Planninq Standards. 

- All plumbing work approva ls and permits shall be 
obtained from the Department of Water Resources 
and Bureau of Water Pol lution Control, oubsidi ­
aries of the Environmental ·Protection Administra ­
tion. 
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