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CHAPTER 1 

INTRODUCTION 

1-1 BACKGROUND 

California legislation created the Department of Transportation 

(Caltrans) effective July 1, 1973, and mandated a broad approach to 

multimodal transportation planning involving regional planning 

agencies and the several divisions of Caltrans. 

The Division of Mass Transportation (DMT), one of the statutory 

divisions within Caltrans, is charged with advocating balanced 

transportation systems, evaluating public transportation proposals, 

and facilitating their development. 

One of the studies in a research program prepared by DMT was to 

develop engineering standards for evaluating transit guideway 

planning and for designing guideway facilities. The study was 

subsequently narrowed to conventional rail transit systems. This 

manual thus deals with electric vehicles with flanged steel wheels 
operating on conventional steel rails. 
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1-2 ASSUMPTIONS AND PURPOSE 

This manual is intended as an introduction to rail transit for 

engineers who are familiar with highway planning and design. It 

should assist them in evaluating rail transit proposals and should 

provide sufficient information for the preliminary design of transit 

trackways, particularly the tracks, trackbed and structures. 

There are marked similarities in the planning and design of highways 

and railways. The authors, therefore, have attempted in this manual 

to stress aspects which are unique to rail transit engineering and to 

present appropriate values and criteria for those elements of rail 

design which differ from highway design in specifics rather than 

principle. 
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1-3 ORGANIZATION AND SCOPE 

The four chapters in this manual are: 

Chapter 1 - INTRODUCTION 

Chapter 2 - RAIL TRANSIT OVERVIEW 

Chapter 3 - PLANNING/DESIGN GUIDELINES AND CONSIDERATIONS 
Chapter 4 - TRACK DESIGN CRITERIA 

Each chapter is divided into sections as shown in the contents on 

page iv. Tables and figures are listed after the contents and are 

placed at the end of the section in which they are first described or 

discussed in the manual. A detailed index is provided at the begin­

ning of lengthy chapters 3 and 4. Definitions of terms and a list of 

references are among the materials appended to the manual. 

Chapter 2 describes and contrasts light rail transit (LRT) systems 

and heavy rail transit (HRT) systems in terms of typical applications 

and operational characteristics. It also outlines the system plan­
ning process and the implications of choices within a system, but 

does not evaluate the plausibility of arguments regarding system 

selection and funding. 

Chapter 3 describes vehicle and facility attributes and spatial re­
quirements (established by others) that concern the designer because 

they affect or establish trackway location, alignment, clearance, and 

cost. This chapter also discusses operational considerations and 

tradeoffs and presents ranges and magnitudes of major cost elements 
to assist in comparing alternatives and in evaluating the compl ete­

ness and validity of transit proposals. 

Chapter 4 contains design pr i nciples, conventions, and criteria tha t 

relate to various elements of trackway design. The manual can serve 
as a guide to the acquisition and use of the data required for fina l 
design of a specific system. Where extensions of operating tra nsit 
systems are to interface with highways, or are to be incor porated 
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into existing or proposed highway facilities, the design standards 

developed by the transit properties will be available for use. 

The manual mentions briefly such topics as soils and foundation 

investigations; roadway and parking lot design; earthwork calcula­

tions; drainage design; bridge, tunnel, and retaining wall design; 

right of way acquisition; and utility relocation. These items are 

similar in nature to elements of highway work which have been de­

tailed in other manuals and are often performed by specialized 

functional units within Caltrans. 

Design details for such things as stations, shops, ventilation, and 

electrification are beyond the scope of this manual. 

U. S. units of measure and International System (metric} equivalents 

are used throughout the manual. 
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1-4 ABBREVIATIONS 

A. Organizations 

AAR Association of American Railroads 

AASHTO American Association of State Highway and 
Transportation Officials 

APTA American Public Transit Association 

AREA American Railway Engineering Association 

ASME American Society of Mechanical Engineers 

BART Bay Area Rapid Transit District (San Francisco) 

BRRTS Baltimore Region Rapid Transit System 

CPUC California Public Utilities Commission 

CTA Chicago Transit Authority 

DMT Division of Mass Transportation (Caltrans) 

GCRTA Greater Cleveland Regional Transit Authority 

MARTA Metropolitan Atlanta Rapid Transit Authority 

MBTA Massachusetts Bay Transportation Authority 

MUCTC Montreal Urban Community Transit Commission 

MUNI San Francisco Municipal Railway 

NYCTA New York City Transit Authority 
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PAT Port Authority of Allegheny County (Pittsburgh) 

PATCO Port Authority Transit Corporation (Lindenwold Line) 

PATH Port Authority Trans-Hudson Corporation (NYC-NJ) 

SCRTD Southern California Rapid Transit District 

SEPTA Southeastern Pennsylvania Transportation Authority 
(Philadelphia) 

TRB Transportation Research Board 

TTC Toronto Transit Commission 

UMTA Urban Mass Transportation Administration (Federal) 

WMATA Washington Metropolitan Area Transit Authority 

More extensive lists of transportation oriented organizations, 
agencies, consultants and manufacturers are contained in the 

Trans Guide prepared by DMT. 

Transit Vehicles and Systems 

CLRV Canadian Light Rail Vehicle 

HRT Heavy Rail Transit 

HRV Heavy Rail Vehicle 

LRT Light Rail Transit 

LRV Light Rail Vehicle 

PCC Car Presidents' Conference Comm i ttee Car 
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SLRV U. S. Standard Light Rail Vehicle 

SOAC State-of-the-Art Car 
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CHAPTER 2 

RAIL TRANSIT OVERVIEW 

2-1 RAIL TRANSIT RATIONALE 

There is renewed worldwide interest in rail transit systems that can 

provide much needed alternatives to the automobile. Moreover, con­

siderable effort is being directed to the design of systems that will 

attract motorists. 

Fixed-route systems can establish a basis for land use planning and 

for preserving or improving the quality of urban life. Guided sys­

tems can operate on narrower rights of way than driver steered 

systems and are less obtrusive in many areas. The proven technology 

of steel wheels on steel rails has low rolling resistance and is 

attractive environmentally in terms of reducing energy consumption 

and air pollution. Tracked systems are also adaptable to automated 

controls that enhance safety and reliability, and vehicles can be 

coupled to increase system productivity and reduce unit operating 

costs. 

There are some disadvantages in the physical characteristics of 

guided systems relative to steered vehicles. The long life expect­

ancy of rail vehicles makes modernization awkward, and inflexible 

rail networks require feeder service and make route changes 

difficult. 
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2-2 RAIL MODES DESCRIBED AND DIFFERENTIATED 

Light and heavy rail systems are frequently classified in terms of 

system operating characteristics which are defined and differentiated 

for use in this manual as follows: 

A. Heavy Rail Transit (HRT) 

Heavy rail transit operates on an exclusive right of way with 

full access control. The roadbed is grade separated with fre­
quent use of elevated or subway construction. Heavy rail systems 

generally employ multicar trains and relatively elaborate sta­

tions with passenger platforms at car-floor height. Vehicles 

tend to be large and designed for maximum passenger comfort. 

Stops are less frequent, operating speeds faster, schedules more 

precise, and automatic controls more universal than on light rail 
systems. 

A third-rail system is the usual means for main line electrifica­

tion. Vehicles are equipped with shoes as current collectors. 

BART is an example of a heavy rail system in California. 

B. Light Rail Transit (LRT) 

Light rail transit is an urban electric railway concept that em­
braces the full range of operating characteristics from the 

streetcar to heavy rail systems. Route capacity and speeds are 
sometimes more restricted and overall performance is usually 

lower than for heavy rail transit. 

Light rail vehicles often operate on reserved, but not neces-

sarily grade-separated, rights of way. LRVs may al so run on 

streets in mixed traffic where passenger stops are more frequent 

and passenger loading is from street level. Single car operation 
is corrmon although train-type operation may be used in rush 
hours. Train length is generally limited to two or three cars. 
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Many of the cars are articulated and about half of the current 

models can be coupled. 

Normally a very small degree of system automation is employed. 

Capacity can be increased by providing more separation from con­

flicting traffic and by improving signal and control systems to 

permit higher speeds and shorter headways. 

An overhead wire system is most often used for power distribution 

with trolley poles or pantographs serving as vehicle current 

collectors. 

The MUNI system in San Francisco is classified as a light rail 

system. 

A comprehensive report on light rail development is presented in 

TRB Special Report 161, Light Rail Transit, which contains the 

proceedings of a national conference held in Philadelphia in 

June, 1975. The conference, conducted by TRB, was sponsored by 

UMTA and cosponsored by APTA and the University of Pennsylvania. 

Another comprehensive discussion of concepts and services in 

Europe and North America is presented in DOT Report No. UT 50009, 

Light Rail Transit: A State of the Art Review, Spring, 1976, 

issued by UMTA. These two documents contain a full array of LRT 

information and perspectives. 
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2-3 EXISTING SYSTEM APPLICATIONS AND CHARACTERISTICS 

Rail transit systems are numerous and diverse as indicated in the 

general descriptions which follow. Table 2-3.1 summarizes and com­

pares characteristic data for heavy and light rail systems shown in 

Appendixes A- 2 and A-3. These characteristics provide some insights 

for relating app l i cations to regions, but do not constitute criteria 

for decision making. 

A. Heavy Rail Systems 

The Lea HRT Compendium indicates that there are over 40 heavy 

rail systems operating throughout the world and another 20 or so 

are in varying stages of design or construction. Among the 

latter are systems for Atlanta, Baltimore, and Washington, D.C. 

The areas served by HRT systems are nearly all less than 1,000 

square miles (2,600 square kilometers) in extent and most are 

less than 500 square miles (1,300 square kilometers). Population 

figures for these areas are seldom less than 1,000,000. Most of 

the HRT systems are less than 50 miles (80 kilometers) long and 

very few exceed 100 miles (160 kilometers) in length. 

HRT line capacity in excess of 40,000 passengers per hour per 

direction is achievable but is seldom required. Peak-hour cor­

ridor demand i s often less than half that number. 

B. Light Rail Systems 

It was brought out at the 1975 conference in Phil adel phi a that 

more than 300 cities around the world are operating LRT systems 

of various sizes and that many of t hese were inaugurated 50 or 

more years ago . About 20% of the oper ating systems are currently 

being extended or refurbished and fifteen or more new systems are 

in various planning stages. LRT systems commonly serve areas of 

less than 400 squ are miles (1,000 square kilometers). Popula­

tions served most often range downward from 1,000,000. 
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Relatively few LRT lines operate with peak period patronage in 

excess of 5,500 per hour. Many lines have fewer than 2,000 

passengers per hour during the peak, and fewer than 900 per hour 

off-peak. 



TABLE 2-3.1 
TYPICAL CHARACTERISTICS 

of Light and Heavy Rail Systems 

(Source: Appendixes A-2 and A-3) 

ITEM LIGHT RAIL 
Typical Range Extreme Range 

Arec1 Served: Square Miles 50-400 15-2,000 

I.J- 11 7 ! fJ30--J 036 ) r39-5_1&n · 
--·--- - -· ·- - -----

Population of Service Area: Millions 0.2-2.5 0.2-9.0 

Total System Length : Miles 10-140 5-180 

(km) (16-225) (8-290) 

Length: Above or Below Grade [1]: Miles 0 0-13 

(km) (0) (0-21) 

Number of Stations /Stops 30-500 15-1,300 

Average Spacing of Stations: Miles 0.20-0.4 0.16-1.0 

(km) (0.32-0.6) (0.25-1.6) 

Total Annual Passengers : Millions 9-150 3-440 

Number of Vehicles 40-650 25-1,600 

Peak Period Line Capacity: Passengers/Hr [2] 1,200-5 ,500 700-40,000 

Off-Peak Line Capacity: Passengers/Hr [2] 200-900 200-2,000 

[11 Using structures only: cut or fill locations considered " at grade". 
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HEAVY RAIL 
Typical Range Extreme Range 

15-1,000 5-1,500 

,3~2.~~\ ( lJ--..~ .~-fl.; l 

1.0-4.0 0.1-9.0 

7-100 4-560 

(11-161) (6-901) 

5-60 0-100 

(8-97) (0-161) 

10-100 8-350 

0.4-1.4 0.34-2.2 

(0.6-2.3) (0.55-3.5) 

10-275 10-650 

40-1,000 14-4,400 

10,000-40,000 3,000-84,000 

1,200-15,000 200-23,000 

[2] Line capacity is single direction for scheduled headway, train consist, etc. for peak and off-peak operations. 

Peak values based on highest capacity line in system. 

Off-peak based on lowest capacity line in system. 
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2-4.1 

SYSTEM COMPARISONS, OPERATIONAL PROS AND CONS 

Either light or heavy rail can serve as the backbone of an urba n 

transit system. Both require secondary modes for collectio n and 

distribution. Light rail can supplement heavy rail systems v-Jit h 

feeder service in large cities. 

One of the advantages of a light rail system is that it can provide 

some of its own feeder service. In this way it can reduce passenger 

waiting delays en route, compensate for slower operating speeds, and 

compare favorably with overall trip times via heavy rail. 

Flexibility is considered to be an advantage of light rail systems. 

Train lengths and turning radii are short and street-level loading is 

corTITion. Extensive station facilities are not required. Virtually 

any pl ace where a safe refuge for pedestrians can be developed next 

to the tracks can serve as a station. Provisions for intermoda l 

transfers are relatively easy to provide, although separating pedes­

trians from vehicular traffic is a major concern at any transfer 

facility. 

A primary disadvantage of light rail transit is the potential con­

flict with other veh i cles when operating at street level. Clos i ng 

some streets, preempting traffic signals, and separating selected 

intersections at grade are steps that can be taken to minimize cross 

traffic conflicts. When operations are mixed with street traff i c , 

light rail vehicle lengths must be considered. A modern three-ca r 

train can be over 200 feet (60 meters) long. This is a significant 

factor in station design and in signal timing and pre-emption. 
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2-5.1 

PLANNING PROCESS, MODE SELECTION, AND SYSTEM UPGRADING 

Initially, to get to the study stage, and ultimately, to be imple­

mented, each rail transit proposal (or any transportation proposal) 

must successfully deal with issues of economic feasibility, social 

equity and desirability, and environmental compatibility. The pro­

posal must gain wide support. 

In broad terms, the planning and design process establishes desired 

system performance criteria and objectives, develops alternatives, 

and then selects the best balanced combination of modes and elements 

to fit the situation. This is done by testing site-specific assump­

tions and costs against financial constraints. 

Policy determinations and design criteria are interdependent, and, in 

a very real sense, criteria evolve from pol icy. Figures 2-5.1 and 

2-5.2 illustrate how policy elements influence physical and opera­

tional criteria for vehicles. It is also evident tha-t at some point 

in the process vehicle selection establishes definite limits for 

system operations. 

The current "rebirth" of the light rail mode, directed at filling the 

gap between bus and heavy rail systems, makes possible a variety of 

cost/concept alternatives for rail transit. Vehicles, passenger 

facilities, and service can range from spartan to· very plush. Light 

and heavy rail costs can vary dramatically. 

Cost differentials become very significant as elevated or subway 

structures are added to provide grade separated rights of way, as 

stations become more elaborate, and as automatic controls are intro­

duced. The costs of individual vehicles and of trackwork (ballast, 

ties and rails) are quite comparable for light and heavy rail systems 

and are not apt to influence mode selection appreciably. The choice 

rests to a large extent on trade-offs between increments of 

investment and quality of service. 

! 



2-5.2 

The lesser cost per mile (kilometer) of the light rail mode means it 

can serve a much wider area than a heavy rail system of equal cost. 

Also, a less sophisticated light rail line might be financed and 

constructed more readily and be placed in service more quick l y t han a 

heavy rail alternative. Such alternatives, which differ in scope and 

levels of service, make the comparison and evaluation process more 

complex. 

The conversion from a light rail system to a heavy rail operation is 

also complex and requires careful analysis. The upgrading of an 

operating system is governed in great measure by the nature of the 

existing facilities. A planned conversion, to be accomplished by 

upgrading staged-segments of a first-phase system, may defer some 

investment needs, but can also affect initial design concepts and 

construction costs significantly. Matters such as power collection, 

access control, vehicle characteristics, and requirements for struc­

ture design, need to be considered early in the planning process. 
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3-1. 1 

CHAPTER 3 

PLANNING/DESIGN GUIDELINES and CONSIDERATIONS 

3-1 GENERAL 

This chapter examines major elements of rail transit systems. It 

further <level ops specific light and heavy rail comparisons and dis­

tinctions, and it discusses design con.siderations and relationships 

in some depth. In doing so, it suggests many of the questions re­

garding options and related consequences to be evaluated and settled 

in progressive stages of system planning and preliminary design. 

This chapter al so presents standards and criteria for various el e­

ments of rail transit systems and rel ates them to the track design 

criteria contained in Chapter 4. 

CPUC General Order No. 143 (Appendix A-11) establishes rules and 

regulations governing the design, construction, and operation of LRT 

systems. A number of sections in this chapter contain references to 

related provisions of G.O. 143. 



3-2.1 

3-2 VEHICLES 

The current trend in new car development is toward families of light 

and heavy rail vehicles \vhich are similar in size, capacity, perfor­

mance, and cost. 

Table 3-2.1 lists some vehicle features and typical values that serve 

as a basis for the discussions that follow. 

Appendixes A-4 and A-5 show data for some representative vehicles 

which \'/ere considered in compiling the "typical" vehicles shown 

in Table 3-2.1. Among the representative vehicles is the light rail 

PCC car which was first produced in 1935 as a result of research by 

the Electric Railway Presidents' Conference Committee. This became a 

standard for production both here and abroad. UMTA sponsored re­

search ~nd development are currently reflected in the U.S. standard 

light rail vehicle (SLRV) and in the heavy rail State-of-the-Art Car 

(SOAC). These \-.Jere al so among the representative vehicles used in 

compiling the "typical" vehicles. 

The typic9 l vehicles and values in Table 3-2.1 are appropriate for 

preliminary studies and -evaluations. Final system design is depend­

ent upon vehicle selection and specific data regarding dimensions, 

weights, and operating characteristics. Section 9 of Appendix A-11 

contains CPUC requirements for new LRVs. 

A. Dimensions 

1. Length 

Both the light and heavy rail series contain a number of 

vehicles about 50 1 (15 m) long and another group in the 70 1 

to 75 1 (21 m to 23 m) range. The "typical 11 73 1 (22 m) LRV 

shown in Table 3-2.1 is articulated by a flexible joining of 

two equa 1 segments. The other three typical cars are not 

articulated. 
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A group of HRVs about 68 1 (21 m) long has not been repre­

sented in Table 3-2.1 because most of its features are 

similar to those listed for the 75 1 (23 m) HRV. 

A group of double-articulated LRVs 80' to 90 1 (24 m to 27 m) 

long has also been omitted. These cars, used mostly in 

Europe, are less than 8 1 (2.4 m) wide, have less passenger 

capacity than single jointed cars, and would appear to be 

suitable for special, limited situations only. 

2. Width 

LRVs range from 7.2 1 to 8.9 1 (2.2 m to 2.7 m) in width. HRVs 

vary from 9.3 1 to 10.5 1 (2.8 m to 3.2 m). The SOAC is 9.75 1 

(3.0 m) wide, somewhat narro\'1er than the "typical" 10.33 1 

(3.2 m) width \'lhich is more representative of new and pro­

posed HRT systems in this country. The SOAC width was chosen 

so that it would be less restricted as a demonstration vehi­

cle on a variety of transit systems. 

Width selection is influenced primarily by existing external 

clearance and cost constraints on the one hand and by the 

desire for interior spaciousness and passenger comfort on the 

other. Passenger capacity considerations are discussed in 

Subsection C. 

3. Truck Spacing, Wheel Base, and End Overhand 

All of the "typical" rail vehicles employ double axle, 

four-wheeled trucks. Axle and \'/heel positions are fixed 

rigidly with respect to truck assemblies \\lhich have centered 

pivot points. 

Truck spacing (from pivot point to pivot point) and wheel 

base (axle spacing on the truck) affect vehicle load and 

impact distribution to the rails and track support system . 
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The track gauge must be widened slightly on sharp curves (see 

Section 4-5) to permit the flanged wheels to slide freely 

around the curves. This sliding phenomenon is a significant 

noise source. Truck spacing also affects the minimum turning 

radius of the vehicle. The greater the spacing, the longer 

the required radius of curvature. 

Unarticulated vehicles are supported on two trucks. Single 

articulated vehicles employ a third unmotorized truck under 

the joint. Both versions of the 11 typi cal II LRV have nearly 

identical truck spacing and end overhang dimensions. Their 

lateral clearance requirements for inswing and outswing on 

curves are therefore similar. 

4. Wheel Diameter and Gauge 

The typical \'/heel diameters have no direct bearing on the 

other vehicle characteristics shown. For instance, vehicle 

floor heights (and passenger platform heights) are governed 

by other considerations. Whatever the diameter, however, 

wheel wear in combination with track wear can produce more 

than an inch (2.5 cm) of vertical displacement and must be 

taken into consideration. Wheel gauge-track gauge tolerances 

are also affected by wheel flange and rail wear of one-half 

inch (1.3 cm) or more. This variable is compensated for in 

the dynamics of the vehicle clearance env·el ope discussed in 

Section 4-3. 

5. Height of Roof and Floor 

The 11.75 1 (3.58 m) height of roof above top of rail 

tabulated for HRVs is a direct indication of the vertical 

clearance required. This is a critical dimension since 

these vehicles operate on grade separated trackways, often in 

subway structures. 
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Many of the HRVs have flush roofs; others have antenna pro­

tuberances on the order of 0.5' (15 cm) or so. The typical 

11.75' (3.58 m) value accommodates these projections and 

embraces most representative vehicles. Exceptions are the 

12.0' (3.66 m) Boeing Vertol and Budd cars used in Chicago 

and the 12.13' (3.70 m) high prototype of the variable height 

SOAC which has a pantograph option. 

The 11.50' (3.51 m) roof height shown for the LRVs includes 

an allowance for a locked down pantograph and other above­

the-roof projections. This dimension is seldom a control. 

Of more concern is the operating range of the trolley pole or 

pantograph collector which is normally 15' to 20' (4.5 m to 

6 m) above tracklevel. The collector must accommodate a 

catenary poHer supply suspended overhead in conformance \'lith 

safety requirements for vertical clearance. Overhead 

structures may impose vertical clearance restrictions. (See 

Appendixes A-7, A-8, and A-11 for CPUC overhead electrical 

and structural clearance requirements.) Third rail 

electrification is usually employed in underground 

operations. 

The 34 11 and 44 11 (86 cm and 112 cm) floor heights, shown for 

the 11 typical 11 light and heavy rail vehicles respectively, are 

standardized within narrow limits and the requirements for 

floor-level loading platforms differ accordingly. Floor 

height may be governed by vertical clearance requirements for 

chopper control, air conditioning, and dynamic braking com­

ponents, etc., placed beneath the car floor to preserve 

usable floor space. 

B. Performance 

The relationships o'f vehicle performance to system operations 

and track geometry, mentioned briefly in this subsection, are 

presented in greater detail in Section 3-9 and in Chapter 4. 
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1. Speed, Acceleration, and Deceleration 

Modern transit vehicles are capable of the listed maximum 
speeds and more, but much track geometry is not based on top 

speed cruising. Top speed is often not attainable. The 
acceleration-deceleration rates shown in Table 3-2.1 are fre­
quently specified service rates which are comfortable for 
standing passengers. Figure 3-2.1 shows the usual range in 
initial acceleration rates for HRV and LRV performance, and 
the curves illustrate the characteristic loss of acceleration 
as speed increases. The typical range of deceleration rates 
shows that nominal braking rates are relatively constant over 
the entire speed range. 

These typical speeds and speed-change rates are based on 
level, tangent track and specified vehicle loadings. The 
speed-distance relationships of acceleration and braking and 
the effects of grades on performance are discussed in Section 

3-9, Subsections F and G. 

2. Minimum Horizontal Turning Radius 

Vehicle characteristics such as truck spacing govern minimum 
radii for track curvature. The typical values shown in Table 

3-2. 1 are fairly representative, but can vary significantly 
for a particular vehicle design. This limitation becomes a 
factor mainly for yard and secondary tracks. The 45' (13. 7 
m) radius capability of the LRVs permits turning corners at 

street intersections. Usually, trains of coupled vehicles 
have the same turning characteristics as the basic unit com­

prised of a single vehicle or a married pair. 

3. Vertical Curve Limitations 

The typical minimum values for vertical curves in Table 3-2.1 
are expressed in terms of circular curve radii to provide a 
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comparison of vehicle capabilities. Track design standards 

for vertical curves are sometimes expressed as an allowable 

change in rate of grade per unit of di stance or as a para­

bo 1 ic curve 1 ength re 1 ated to the magnitude of change i n 

grade as described in Section 4-7, Subsection B. 

For most vehicles, minimum vertical curve limitations are 

usually reported to be the same for crest and sag vertical 

curves and for single or coupled cars. Vehicle capabilities 

vary greatly within the groups represented by each of the 

four 11 typical 11 vehicles, so the values shown give only a 

rough indication of relative group performance and overlaps. 

The minimum vertical curve limit seldom comes into play. In 

HRT systems, particularly, other considerations dictate much 

higher vertical alignment standards. 

4. Maximum Grades 

The maximum grade on nearly all operating HRT systems is 

between 3% and 5% in order to maintain high performance and 

to provide a high quality profile and ride. The 4% maximum 

listed in Table 3-2.1 is also representative of current 

design for HRT systems. The maximum grade designated for the 

SOAC is 3%. 

The maximum grades for LRT systems may approach the limits of 

vehicle performance. The +6% and -8% are desirable limits 

for up and down grades. Under compelling circumstances, +8% 
and -10% might be considered. In neither case should these 

rates be used for sustained grades. 

The up grades are limited by vehicle power, desired per­

formance, and wheel-rail traction. Braking capability, which 

is influenced by train 1 ength and 1 oad i ng, is an added con­

sideration for down grades. Most LRT systems are basically 
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single car operations with a 2- or 3-car limit for peak 

period trains. 

Examples of maximum grades near the extremes of the tabulated 

light rail range are the +6.5% suggested grade limit for the 

PCC car and the +9% limit for the SLRV as shown in Appendix 

A-4. Section 4-7, Subsection A, suggests some additional 

maximum grade considerations. 

The steeper grades employed in LRT operations permit quicker, 

less costly accommodation of selected grade separations and 

afford opportunities to roll the grade up to and down from 

station stops in order to assist vehicle braking and 

acceleration. 

Vertical alignment criteria at station platforms are covered 

in Section 4-7, Subsection B. 

C. Capacity 

1. General 

The passenger capacity of rail vehicles is one of several 

variables, along Hith train consist and scheduling, to be 

considered in balancing line haul capacity against peak/off­

peak route demand. 

The number of seats to be provided and the load factor (ratio 

of total passengers to seats) to be selected to limit 

standees are based on consideration of passenger comfort, 

vehicle constraints, operating cri teria, and other factors as 

indicated in Figures 2-5.1 and 2-5.2. 

In Table 3-2.1 and in the following discussion, vehicle capa­

city is expressed in two ways: design capacity and crush 

capacity. Design capacity is the number of seats plus the 
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number of standees that can be accommodated in reasonab 1 e 

comfort without impairing passenger movement. Crush capacity 

is the number of seats plus the maximum allowable number of 

crowded standees to be tolerated . 

2. Seating 

A variety of seating schemes is possible for any vehicle . 

The number and arrangement of seats are i nf1 uenced by the 

number and location of doors and by space allowances for 

vehicle operators for either single or dual directional car 

operation. Longitudinal seating allows for maximum passenger 

capacity while transverse seats stress comfort. 

The number of seats shown in Table 3-2.1 is typical for each 

cl ass of vehicle. Based on data in the Lea Transit Compen­

dia, the range of seat numbers relative to the numbers shown 

would be +10% for HRVs and +25% for LRVs. 

3. Standees 

The number of 11 desi gn standees 11 for proposed and operating 

systems is extremely vari ab 1 e. Tab 1 e 3-2 .1 shows that the 

number of standing passengers typi ca 1 ly corresponds to 2. 7 

ft. 2 (0.25 nf) for each standee in three vehicle groups, 

while 2.1 ft. 2 (0.20 nf) is more representative for the 

50 1 (15 m) LRV group. Variations within the HRVs include 

suggested design allowances of 8 ft.2 (0.74 nf) and 11 

ft. 2 (0.10 nf) for different S0AC configurations as shown 
in Appendix A-5(2). 

An allowance of 1.4 ft.2 (0.13 nf) per passenger is most 

frequently cited in the Lea compendia as the absolute limit­

ing value for establishing crush standing capacities for all 

types of vehicles. This is listed as the typical val ue for 
three of the vehicle groups in Table 3-2.1. The except i on is 

the 75 1 {23 m) HRV group where 2.0 ft.2 (0.19 m2) is 
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shown as being more representative of current practice in the 
United States and Canada. 

DMT recommends the use of 2.0 ft.2 {0.19 m2) and 3.0 

ft. 2 {0.28 m2) per standee for crush and design load 
limits respectively. With longitudinal seats facing aisles, 

an a 11 owance of 13 11 {33 cm) for knee and foot room at each 
seat should be deducted from the floor area avail ab 1 e for 
standees. 

4. Crush Loading 

Crush capacity totals (seats plus standees) are ultimately 
limited by interior space constraints and show less variation 

among vehicles than do their sit/stand components. 

D. Weight 

1. Vehicle (Empty) 

The typical weights shown in Table 3-2.1 exceed or equal the 
actual weights reported for nearly all vehicles in each of 
the four groups. The only major exception is the SOAC in the 
75 1 {23 m) HRV group. It has an empty weight of 90,000 1 b. 

{40,800 kg) as shown in Appendix A-5(2). 

Suspension and propulsion equipment contribute a large por­
tion of the vehicle weight. Despite variations in the weight 

of this equipment, and despite the variety of materials used 
in car frames and bodies, vehicle weights are surprisingly 

proportional to overall vehicle size. 

Based on the nominal area of vehicles {body length x width), 
the unit weights of vehicles within each group are close to 

the values for lb/ft. 2 (kg/m2) shown in Table 3-2.1. The 
values will yield reasonable estimates of vehicle weights if 
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it is desired to calculate the effects of moderate changes of 

up to 10% or 15% in 11 typical 11 lengths and/or widths. Again, 

exceptions to the tabulated unit weights are in the 75 1 

(23 m) HRV group. The exceptions are the relatively heavy 

125 lb/ft.2 (610 kg/m2) stainless steel S0AC, and the 

lightweight 75 lb/ft.2 (366 kg/m2) aluminum cars manu­

factured for BART and Toronto. 

2. Passengers (Crush Weight) 

It is recommended that 150 lb. (68 kg) be used as the average 

weight per passenger. The crush passenger weights shown in 

Table 3-2.1 are based on this figure. The difference between 

empty and gross vehicle weights listed in the Lea Compendia 

indicates assumed passenger weights ranging from 135 lb. to 

175 lb. (60 kg to 80 kg) although most fall in the 145 lb. to 

155 lb. (65 kg to 70 kg) range. The latter range is not 

significant in terms of gross vehicle weight estimates. 

It is significant, however, that crush passenger loadings 

consistently represent about one-third of the gross weight of 

vehicles in all four groups. 

3. Vehicle (Gross) 

The gross vehicle weights shown in Table 3-2.1 reappear in 

Section 4-2 in the axle loadings that may be used for the 

preliminary design of structures and other track support 

systems. These are conservative loadings that are seldom 

exceeded by the reported gross weights of vehicles in any of 

the four groups, even when high density passenger loadings 

have been utilized. The only significant exception is the 

S0AC which is estimated to gross 123,000 lb. (56,000 kg) with 

a 220-passenger (low density) loading or 135,000 lb. (61,000 

kg) with a 300-passenger (high density) loading as shown in 

Appendix A-5(2). 
• 
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E. Configurations and Operations 

1. Purpose 

The purpose of this subsection is to discuss some additional 

vehicle features and alternatives that affect system opera­

tions and trackway design. 

2. Vehicle Shapes and Clearance Features 

The HRV is characteristically blunt-ended and is rectangular 

in plan view as shown in Appendix A-5(3). Many cars are 

flat-sided, but recent designs are often slope-sided and are 

widest in cross section at a point somewhere between thres­

hold and window sill height. This shape compensates for 

vehicle roll and reduces lateral displacement. Three rub 

rails are often provided along sides of vehicles designed for 

subway use. One is below the threshold at the face of the 

passenger platform; the second (belt rail) is at the highest 

point of maximum width (the break point for a slope-sided 

cross-section); the highest rail is placed at a critical 

point for vehicle roll where the roof-rounding begins. The 

typical roof-top rounding tends to keep vertical clearance 

requirements more nearly constant. 

The cross-sectional area of HRVs usually varies from 90 

ft.2 to 124 ft.2 (8.4 m2 to 11.5 m2). A typical 

value is 108 ft.2 (10.0 m2) which represents over 50% of 

the area of a typical single-track tunnel section which is 

about 200 ft.2 (18.6 m2), regardless of whether the tun­

nel is circular, rectangular, or horseshoe shaped. This 

percentage relationship assures a piston effect which is 

often counted on to provide much or all of the underground 

ventilation between stations as discussed in Section 3-5, 

Subsection E, under "Ventilation" and "Portal Design." 
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As shown in Appendix A-4(3), the LRV usually has tapered or 

rounded ends in pl an view. This is not done for aerodynamic 

reasons, but to reduce outswing clearance requirements on 

short radius curves and to be compatible with radial couplers 

that swing in a semi-circle. 

The sides of HRVs and LRVs are generally free of projections. 

The vehicle clearance envelopes and running clearances dis­

cussed in Section 4-3 allow for slight projections such as 

lights and mirrors. 

3. Basic Vehicles and Trains 

Recent HRT system developments and proposals provide for 

dual-directional operation of the basic train unit. The 

basic uni ts are sometimes single independent cars with an 

operator's compartment (with controls, wind-shield, head­

lights, etc.) at each end of the car. More often, a pair of 

similar cars, each \-Jith one operator's compartment, is 

married (or permanently coupled) so that the pair is a dual­

directional unit with a control cab at each end. 

Off-peak service is provided by one or more basic units (up 

to the equivalent of four cars) while 6- to 8- or sometimes 

10-car trains are utilized during peak periods. Most often 

trains are comprised of a series of married pairs. In some 

instances, as in the BART system, up to eight "B" cars \'Jith­

out operator's cabs are inserted beh1een the pa ired "A" cars 

to form a train. Train lengths and operations must be 

compatible with platform length and capacity. 

A majority of the non-articulated 50' (15 m) LRVs have been 

constructed for single-directional operation (with right sid e 

boarding only), although some, including the PCC car, have 

been designed to operate in either direction. These LRVs ca n 

be coupled, but are usually limited to a train length of 2 or 
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3 cars. The single-direction CLRV, designed as a compatible 

replacement for the PCC car in Toronto and elsewhere, is 

intended for train operations up to six cars in length. 

The various single-articulated LRVs in use throughout the 

world are about evenly divided between one-way and two-way 

operation. The single-direction vehicles are often comprised 

of one motorized segment wjth a trailer unit behind the 

articulated joining. The vehicles in the 73' (22.25 cm) 

articulated group, perhaps more typical of current develop­

ment intended for use on this continent, are designed for 

two-way operation, either exclusively or as an option. The 

two-way vehicles are usually powered at the end trucks, while 

the middle (third) truck under the joint is not motorized. 

These articulated vehicles often operate as single units, but 

can be coupled into trains of 2, 3, or 4 units for high 

(line-haul) capacity, usually in conjunction with a grade 

separated right of way. The new SLRVs being acquired by the 

San Francisco Municipal Railway (MUNI) are to be used in 3-to 

4-car trains when in the subway below Market Street, but will 

operate singly on city streets. 

New HRVs or LRVs must be compatible with old vehicles if they 

are to be operated in mixed trains during expansion or up­

grading of the system. 

4. Single/Double-Ended Vehicle Considerations 

As mentioned previously, virtually all HRVs or basic units 

are designed for two-way operation, while LRVs may be either 

single or double ended. Some additional vehicle character­

istics and system operational consequences related to single 

and double-ended units are considered herein. 

A single-ended car with doors on only one side and a single 

operator's compartment has a greater seating capacity poten­

tial than a double-enderl car with similar dimensions. Seats 

\ 
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may be fixed in a forward facing position for one-direction 

operation. With two-way operation, seats may be reversible 

or arranged so that half of the transverse seats face back­

wards. With either mode, seating arrangements may include 

some longitudinal bench-type seating along one side or both 

sides of the car. 

The single-direction LRV (which has a limited ability to back 

up) imposes certain operational requirements. Loop tracks 

are needed to reverse di rec ti on at each end of the line and 

for intermediate turn-backs and in yard and shop areas. This 

is equally true for single track and for double track lines. 

The ability of LRVs to negotiate slow speed, short radius 

turns minimizes right of way requirements for turnarounds 

which can sometimes be accomplished on lightly traveled 

streets. 

Double-ended cars can change direction ~,ith simple cross­

overs between multiple tracks and can use dead end tracks at 

terminals. 

5. Access to HRVs: Platforms and Car Doors 

In HRT systems, fares are prepaid and the rapid loading and 

discharging of passengers is facilitated by platforms \-Alich 

are approximately level with the vehicle floor. Such systems 

normally employ dual tracks and often utilize a single 

platform between the tracks (rather than an outside platform 

to serve each track) in order to minimize the stairs, ramps, 

elevators, and escalators required for passengers to reach 

the platform from another level. This concept is equally 

appropriate for grade-separated access to platforms \'klether 

the tracks are at ground level or above or below ground. 

The fit between vehicle and pl at form must make allowances for 

vertical and horizontal tolerances. Platform heights for 
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HRVs vary from 39 11 to 46 11 (99 cm to 117 cm) and are often 44 11 

(112 cm) above the rail. Platforms are sometimes designed to 

be flush with the vehicle floor, but more often are 1" to 5 11 

(2.5 cm to 13 cm) below the car floor. The nominal horizon­

tal clearance gap between platform and car for most HRT sys­

tems in this country is between 2 11 and 3 3/8" (5 cm and 

9 cm). A gap of 2 3/4 11 (7 cm) is a representative value. 

Some cars are equipped with automatic leveling valves to 

compensate for changes in passenger loading and distribution 

and to maintain a constant floor height and car-platform 

relationship. See "Handicapped Access" in Subsection F of 

Section 3-6 and "Platforms" in SubsectioJ) C of Section 4-3 

for more on clearance gaps between vehicles and platforms. 

In both HRT and LRT systems, the vehicles are boarded from 

one side only at any given stop. The doors of HRVs are de­

signed to accomplish max...imum anticipated passenger exchange 

rapidly, usually within a station dwell time of about 20 

seconds, in order to maintain headways and schedule speeds. 

Since fares are prepaid, all doors can be used for boarding. 

Sometimes the number of seats is limited to make interior 

passenger movement easier. 

The 50' (15 m) HRVs typically have two doorways per side, 

while the 75' (23 m) HRVs usually have three or four doorways 

per side. The doorways are typically 50 11 (127 cm) wide and 

76 11 (193 cm) high with double doors that slide apart (rather 

than fold). The doorways are above floor/platform height and 

all side door thresholds are parallel to the platforms. 

Appendix A-5 contains representative data and diagrams to 

illustrate a number of HRV doorway features. Most HRVs are 

equipped with narrow doors through one end or both ends of 

the car. The end doors, which are approximately as wide as 

the center aisle, are not usually intended for car-to-car 

passenger movement during normal operations. 
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6. Access to LRVs: Steps, Platforms, and Doors 

LRVs have been adapted to accommodate passenger exchanges at 

curb stops or pl at forms or both. On double-track systems, 

center pl at forms can be utilized where LRVs run on an excl u­

sive grade-separated right of way. The many single-ended 

LRVs with doors on the right side only are limited to pas­

senger traffic from outside the double track unless reverse 

direction operation is instituted to make center loading 

possible. 

Fares are often collected on board in the case of street 

operations. In this mode, the manned front and rear doors 

are designated as entrances and the doors in between are 

exits. 

Prepaid fares are used to enhance rapid passenger boarding 

from fl oor-1 evel pl at forms. However, because of body taper, 

the front and rear doors in most LRVs are skewed to platform 

alignment. They are not usable at platform stops, and pas­

senger exchange is limited to the remaining doors. This 

situation tends to be counter-productive because it occurs on 

those portions of the system where high-capacity performance 

is most desired. In such circumstances, dwell times at less 

crowded 11 streetcar stops 11 can be shorter than at platforr.i 

stops. 

Since dwell times on LRT systems can accumulate to an appre­

ciable portion of total travel time, 11 Pre-Metro 11 vehicles 

have been developed for systems \'/here future upgrading to 
11 rapid transit 11 operations is judged to be an overriding 

consideration. These cars are designed with quick-acting 

doors that can be used efficiently at platform stops. The 

term 11 Pre-Metro 11 indicates that LRT system planning and 

development call for the progressive elimination or reduction 
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of street operations and the extension of rapid transit 

operations. 

Most operating LRVs have fixed steps which are recessed into 

the vehicle. They are designed for street operation exclu­

sively, and two-thirds of them operate in a single direction 

only. The floors in these fixed-step vehicles are 34 11±_ 

1 1/2 11 (86 CIT!!:_ 4 cm) above the rail. Step rise increments of 

15 11 , 10 11 , and 9 11 (38 cm, 25 cm, and 23 cm) are typical. The 

lower step, 15 11 (38 cm) above the rail, works well with a 

curb about half as high. Low platforms approximately even 

with the lower step are used al so, al though passengers must 

negotiate a gap between the pl at form and the skewed front and 

rear steps. Platforms at second step or car floor level are 

not used \-lith fixed steps because of the wide gaps involved 

at all the stairwells. 

Appendix A-4 supplements Table 3-2.1 with additional infor­

mation about LRV step and door arrangements. 

The doors on fixed-step LRVs are the 2-leaf, folding type. 

Most are double doors which fold aside in a doorway about 52" 

(132 cm) wide. A few vehicles have one or t\'IO single doors 

about 25 11 to 30 11 (63. 5 cm to 76 cm) wide. The doors are 

typi ca 11 y about 86 11 (220 cm) high and extend to the bottom 

step so that they enclose the stairwells. The doors open by 

folding into the stairwells which must be located clear of 

the trucks. This limits side door positioning. 

A number of LRVs are equipped with folding or swiveling steps 

that will adjust for high or low level passenger exchange. 

These adjustable steps are standard equipment on some vehi­

cles, and are also available as optional equipment in lieu of 

fixed steps on others. 

Hith the exception of the nonarticulated CLRV, all cars with 

a high/low capability or option are articulated, 
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dual-directional cars over 65' (20 m) in length. Two articu­

lated LRVs being developed for Pre-Metro use (in England and 

Belgium) are designed for high platforms only. Both of these 

are two-directional, but one has a single-directional 

option. 

The floors in Pre-Metro cars are typically about 34 11 (86 cm) 

above the rail (as in fixed-step vehicles). The floors in 

cars with adjustable steps are 38 11.:!:._ 111 (965 cm+ 2.5 cm) high 

and the steps usually rise in 15 11 , 12 11 , and 11 11 (38 cm, 30.5 

cm and 28 cm) increments from rail level. 

The majority of 50' (15 m) nonarticulated LRVs have 3 doors 

per side, but a number of them, including some versions of 

the PCC car and the newer CLRV, have only 2 doors per side. 

Nearly all of the 65' to 90' (20 m to 27 m) articulated cars 

have 4 doors per side. Two cars have more doors, but the 

only car with fewer is the SLRV with 3 doors. 

LRVs do not have end doors for passage between cars in 

multicar trains, but the articulation units which join main 

car sections are mounted on the center truck bolster and form 

an integral part of the car body that prov ides for safe pas­

senger access between car sections. 

Most cars equipped to handle platform loading use double, 

2-leaf, folding doors about 60 11 (150 cm) wide. Pre-Metro 

cars tend to use sliding, bi-parting doors about 51 11 (130 crn) 

wide. The English Pre-Metro car and the SLRV have plug-type 

doors. These are flush, bi-parting doors which move outward 

and then slide along the side of the vehicle to open. \~hen 

open, they project 2 11 (5 cm) or so from the side of the 

vehicle. 

When cars are equipped to accommodate high platforms, no 

matter how the doors operate, they most often are about 75 11 

(190 cm) high and extend upward from the car floor. The doors 
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therefore open at or above pl at form height. With few excep­

tions (one being the SLRV) all doors are positioned parallel 

to pl at forms. 

7. U.S. Standard LRV: MUNI Configuration 

The SLRV was conceived as a replacement for the PCC car and 

for use in LRT systems. Power collection is by overhead 

pantograph. 

The Massachusetts Bay Transportation Authority (MBTA) and the 

San Francisco Municipal RailHay (MUNI) have ordered similar 

double-ended, 73 1 (22.25 m), single-articulated vehicles that 

differ most notably in seating and step arrangements. MUNI 

is acquiring 100 vehicles to replace the present PCC fleet. 

The proposed MUNI application provides an illustrative exam­

ple of ho\J vehicle selection and option choices can fit and 

affect system operations. 

The new vehicles, in trains up to 4 cars in length, will 

operate in a new sub\Jay with nine high-platform stations and 

turnstile fare collection. The platforms are 34 11 (86 cm) 

high, 8 1 to 10' (2.4 m to 3.0 m) vdde, 300' to 450' (91 m to 

137 m) long, and have a capacity of 10,000 to 13,000 pas­

sengers per hour. 

The design headway is 2 minutes for subway operation and 4 to 

10 ri,inutes for street running on the balance of the system. 

Subway dwell times are planned to be in the 20 to 30 second 

range, and street stops are expected to be 8 to 15 seconds. 

The cars have 3 doors per side, but the skewed front doors 

(with fixed steps) will not be used at platform stops. A 

mechanical device at the two central doors will lov,er a 

portion of the floor to form a 2-step stairwell for street 

running. 
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A 11 the doors are plug doors that extend down to the l O\/er 

step rather than to the car floor in the usual Pre-Metro 

configuration. The doors when open are to project no more 

than 2 11 (5 cm) from the car body in order to minimize the 

clearance gap at platforms. 

8. Vehicle Features and Equipment Options 

The transit vehicle contributes to the safe, reliable, 

efficient, and comfortable operation of a transit systern. 

I n se l ec t i n g a v eh i c l e , s u c h co n s i de rat i o n s as pe r fo rr.i an c e , 

comfort, revenue, and environmental factors are weighed 

against acquisition, maintenance and operating costs. Some 

of the possible material and equipment choices are presented 

in the follo\'ling considerations. 

o Interior and exterior materials can be selected for their 

ability to resist vandalism and to discourage graffiti. 

Different degrees of maintenance effort are required. 

o Materials and structural designs can affect vehicle v,eight 

and crashworthiness. 

o Features such as air conditioning, 1 heating, waste-heat 

utilization, insulation, and regen~rative braking can 
I 

influence energy requirements and costs. 
I 

o Sound proofing can minimize interior noise, while modern 

suspension systems and resilient Hheel s, especially in 

conjunction with continuous welded rail (C~/R), can reduce 

both wayside and on-board noise levels. 

o Primary and secondary suspension systems can provide 

vertical and lateral cushions to improve ride quality. 
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o Chopper controls that modulate power for smooth accelera­

tion and braking will also permit the use of regenerative 

braking. 

o Automatic detection and control of wheel slip and spin, 

augmented by automatic load weighing systems, can be pro­

vided to help achieve uniform acceleration and braking 

rates. 

o A weighing system, combined with a pneumatic secondary 

suspension system and control valves, can adjust for 

changes in passenger loading and can level the car floor 

at a constant height above the rail. 

o The degree of complexity of on-board instrumentation can 

be selected to match requirements for vehicle performance, 

system control, and communications. 

o Other options that might be appropriate for certain sys­

tems include automatic coupling and uncoupling, high-level 

and low-level boarding, and a combination of overhead and 

contact rail current-collecting devices. 

F. Vehicle Costs 

The vehicle cost data herein provide a basis for preparing or 

reviewing preliminary estimates. 

1. Cost Ranges and Trends 

Vehicle costs have been rising more rapidly than construction 

cost indexes. Figure 3-2.2 shows that the cost per vehicle 

in the United States more than trebled in the decade from 

1965 to 1975. 

In 1975, the cost range was on the order of $300,000 to 

$600,000 for modern HRVs and LRVs \,mich are much alike in 
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size, comfort, and performance. This 2:1 relationship be­

tween the high and low limits of the cost range has been 

typical since the early 1950 1 s. 

Vehicle costs depend on the size of vehicle, equipnent op­

tions, and the number of vehicles ordered. All . electrical 

components may account for one-half the cost of the vehicles 

and chopper control alone can add about 5%. Within the cur­

rent range, HRVs with sophisticated control equipment tend to 

be 10% to 20% more expensive than less sophisticated vehi­

cles. The correlation between vehicle cost and any given 

vehicle feature is not very strong. Vehicle area (nominal 

length x width) appears to be the best index, but in 1975 

even this varied from $450 to $700 per square foot ($4,850 to 

$7,550 per square meter) for vehicles of all types. 

In contrast to the cost of $300,000 and up for new vehicles, 

DMT estimated in 1976 that PCC cars might be acquired, 

reconditioned, and modernized for $110,000 each. 

Various projections indicate that by 1980 rail transit cars 

will range in cost from $0.5 to $1.0 million. Figure 3-2.2 

indicates that if recent trends continue, vehicles could cost 

one or two million dollars apiece by 1990. 

2. Number of Vehicles 

The number of cars utilized in any given rail transit system 

depends on the physical characteristics of the system and on 

related policies and decisions affecting its operations. 

Operating factors and their effects on fleet size are 

discussed in Section 3-9, Subsection E. 

Figure 3-2.3 is based on the number of vehicles employed by 

operating systems in North America and abroad and on projec­

tions for systems under construction. The figure gives 

ranges that include most HRT and LRT systems of various sizes 
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as measured by single track increments of length up to 140 

miles (225 km). Vehicle ranges can be extrapolated to double 

or more the track length shown. The broad ranges \'lith 

respect to mileage ( or any other system feature) illustrate 

the influence of specific conditions and factors. The figure 

sets limits for reasonable expectations. Therefore, it would 

require special or unusual circumstances to stretch these. 

3. Vehicle Miles and Life 

The service-life expectancy for rail transit vehicles is 

usually considered to be 20 to 40 years. A normal life of 30 

years is most commonly used for amortization. To minimize 

LRT costs, consideration might be given to reconditioning 

30-year old PCC cars with the expectation of extending their 

service life by 15 years. 

The average annual mileage reported for most operating LRT 

systems falls in the range of 20,000 to 35,000 miles (32,000 

to 56,000 km) per vehicle. For HRT systems the range is more 

on the order of 30,000 to 50,000 miles (48,000 to 80,000 km). 

Actual and projected vehicle maintenance costs are often 

expressed in terms of vehicle miles. Inspection intervals 

and mean time between failures (MTF) are al so expressed in 

this manner. MTF is used as a measure of equipment 

performance and reliability. 
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TABLE 3-2.1 
TYPICAL CHARACTERISTICS 

LIGHT AND HEAVY RAIL VEHICLES 

3 - 2.24 

50- FT.(15 m.) VEHICLE 70- 75FT.(21-23 m.) VEHICLE 
FEATURE 

H. R. v. CD CD H.R.V. 0 L.R. V. G) L. R. V. 
(ARTICULATED) 

Length over Couplers 50.0 ft. 15,240 mm 51 .0 ft. 15,545 mm 75.0 ft. 22,860 mm 73.0 ft. 22,250 mm 

Body Length 48.S ft. 14,783 mm 49.0 ft. 14,935 mm 73.S ft. 22,403 mm 71.0 ft. 21,641 mm 

Body Width 9.33 ft. 2,844 mm 8.67 ft. 2,643 mm 10.33ft. 3,149 mm 8.67 ft. 2,643 mm 

Truck Spacing 33.5 ft. 10,211 mm 24.0 ft. 7,315 mm 52.5 ft. 16,002 mm 23.0 ft. 7,010 mm 

End Overhang 7 .s ft. 2,286mm 12.5 ft. 3,810 !Ilm 10.S ft. 3,200 mm 12.S ft. 3,810 mm 

Wheel Base 6.5 ft. 1,981 mm 6.0 ft. 1,829 mm 7.5 ft. 2,286mm 6.0 ft. 1,829 mm 

Wheel Diameter 28 in. 711 mm 26 in. 660 mm 30 in. 762 mm 26 in. 660 mm 

Height-Rail to Roof 11. 75 ft. 3,581 mm 11.50ft. 3,505 mm 11. 75 ft. 3,581 mm 11.50 ft. 3,505mm 

Height-Rail to Floor 44 in. 1,118 mm 34 in. 864 mm 44 in. 1,118 mm 34 in. 864 mm 

Maximum Speed 70 mph 113 kmph 50 mph 80 kmph 75 mph 121 kmph SO mph 80 kmph 

Accel. & Decel. Rates 3.0mphh. 1.34 m/s 2 3.0 mph/s 1.34 m/s 2 3.0mph/s 1.34 m/s 2 3.0mph/s 1.34 m/s 2 

Min. Horiz. Turn Radius 90 ft. 27.4 m 45 ft. 13.7 m 300 ft. 91.4m 45 ft. 13.7 m 

Min. Vert. Curve Radius 900 ft. 274.3 m 900 ft. 274.3 m 2,000 ft. 609.6 m 500 ft. 152.4 m 

Maximum Grade ± 4% ± 4% +6%,-8% +6%,-8% ± 4% ± 4% +6%,-8% +6%,-8% 

Number of Seats so so 38 38 72 72 52 52 

Standees (Design) 
52@ 52@ 90@ 90@ 111@ 111@ 83@ 83@ 

2.7 ft. 2 ea. 0.25 m2ea. 2.lft 2ea. 0.20m2 ea. 2. 7ft. 2ea 0.25 m2 ea. 2. 7 ft. 2 ea 0.25 m2 ea. 

Standees (Crush) 
100@ 100@ 135@ 135@ 150@ 150@ 160@ 160@ 

L4 ft. 2 ea 0.13 m2 ea. 0.13 m2 ea. 2.0 ft 2 ea. 1.4 ft. 2 ea 0.19 m2 ea. 1.4ft. 2 ea. 0.13 m2 ea. 

Total Passengers 150 150 173 173 222 222 212 212 
(Crush) 

Vehicle (Empty) 
50,000 lb. 22,680 kg. 42,000 lb. 19,051 kg. 72,000 lb. 32,659 kg. 65,000 lb 29,483 kg. 

(110 lb/ ft2J • (537 kg/m 2) (100 lb/ft 2 ) (488 kg/m 2) (95 lb/ft 2 ) (464 kg/m 2 ) (106 lb/ft2 (518 kg/m 2 ) 

Passengers (Crush) 23,000lb. 10,432 kg. 26,000 lb. 11,793 kg. 33,000 lb. 14,968 kg. .32,000 lb, 14,515 kg. 

Vehicle (Gross) 73,000 lb. 33,112 kg. 68,000 lb. 30,844 kg. 105,000lb 47,627 kg. 97,000 lb. 43,998 kg. 

Data Sources: Lea Transit Compendia (HRT Vols. I & II; LRT Vols. I & II) 

Note: HRV and LRV designators (D ond ® shown in column headings serve as reference 
devices for these 11 Typical Vehicles ." See Figures 4-2.1,4-2.2,4-3. 4,and 4-3.5. 
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KILOMETERS 
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3-3 RIGHTS OF WAY 

A. Genera 1 

LRT systems are distinguished from HRT systems by the broad spec­

trum of rights of way that may be employed. The degree of traf­

fic separation to be provided is a major determinant of system 

capital costs and of performance 1 imits. 

Location, design, system operations, and costs cannot be consid­

ered separately. A location cannot be selected without consider­

; ng the nature and purpose of the facility. Desi red sys te rn 

operating characteristics, land forms and development, and tota l 

environment influence the manner in \'ihich right-of-way access is 

to be controlled. The utilization of public space such as 

streets and sidewalks tends to dictate surface or cut and cover 

locations and is a strong influence on aerial locations. Tunnel­

ing can minimize right-of-\'JaY costs, traffic handling problems, 

and other construction disruptions. Tunnel al igment is inde­

pendent of surface development to some degree, but location is 

still influenced greatly by geologic and soils conditions, 

requirements for stations and mode change facilities, and othe r 

considerations such as ventilator shaft locations and underground 

utility conflicts. 

B. Classification 

Rail transit rights of way are classified into three basic 

categories: 

0 Category A is an exclusive, fully controlled right of way 

with complete grade separation of vehicular and pedestr ian 

crossings. HRT systems operate only in this manner, but 

portions of LRT systems may use this category. 

o Category B is a semi-exclusive, partially controlled right of 

way. This category includes operations primarily on reserved 
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rights of way separated from other traffic except at grade 

crossings. It may share reserved 1 anes with buses or be 

located in roadside areas or medians of separated roadways. 

o Category C is a non-exclusive, shared right of way typified 

by street car operation in mixed traffic with autos and 

buses. 

Section 4 of Appendix A-11 describes these categories in some 

deta i 1. LRT systems are characteri st i ca lly Category B opera­

tions, but may contain segments of all categories. In Category 

C, the speed of transit vehicles can be no greater than that of 

other traffic, and travel time is extended by additional pas­

senger stops. 

C. Use of Existing Corridors 

A number of existing right-of-way opportunities look attractive, 

especially for HRT usage, from the standpoint of minimum com­

munity disruption and in ·terms of cost and time savings for 

acquisition. Such things as abandoned or little-used railways, 

trolley car lines, electric power transmission lines, old canal 

beds, linear parks, and highway medians and roadsides have been 

used in the past. They are worth considering where their 1 oca­

t ions coincide with travel corridors and user activities. 

Some genera 1 considerations for sever a 1 types of corridors are 

presented below. Illustrations and more detailed discussions of 

the advantages and disadvantages of various corridor opportuni­

ties may be found in References P-13, R-6, and R-9 listed at the 

end of this manual. 

1. Railroad Rights of Way 

The conversion of abandoned or relinquished railroad trackage 

may be the simplest and least costly right-of-way adaptation 
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for rail transit use, but could still present the usual at­

grade street crossing problems. 

The sharing of lightly used rail road freight trackage poses 

institutional, jurisdictional, and operational problems. 

Initial schedule conflicts may be aggravated by a desire to 

change either transit or freight service, or both, in the 

future. Differing clearance requirements vmuld be governerl 

by rail road standards and would be complicated by the intro­

duction of electrification and passenger loading facilities. 

Train lengths and stopping characteristics also differ 

markedly. Where separate tracks share a common roadbed or 

right of \vay, adequate space must be provided for track 

maintenance, including tie replacement. 

2. Freeways 

Much interest has been shown in combining rail transitways 

and appurtenances \vith existing or proposed freeways in order 

to utilize a fully controlled right of way and to take advan­

tage of a completely grade-separated facility in a heavily 

traveled corridor. Ho~1ever, much of the apparent advantage 

of a joint facility is lost unless the trackbed is con­

structed at essentially the same elevation as the freeway 

roadbed regardless of whether it is elevated, at-grade or 

depressed. For instance, aerial transit structures placed in 

freeway medians, and requiring a third level of separation at 

street crossings or interchanges, are costly and tend to 

complicate rather than simplify design and construction 

problems. 

A double-tracked light or heavy rail installation requires a 

minimum of 25-27 feet (7.5-8.0 meters) of clear width in or 

on structures or between barriers separating rail vehicles 

from other adjacent vehicles. This basic width accommodates 

a walkway 2 feet (60 centimeters) wide on each side, but does 
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not include allowances for the following elements that are 

additive and tend to be cumulative: 

o Barriers and shoulders 

o Passenger islands, platforms, and shelters or structures 

o Stairways, escalators, and elevators 

o Bridge supports and other freeway structural elements 

o Spiral track offsets to circular freeway curvature 

o Transit vehicle overhang on curves 

Trac ks can be pl aced alongside the freeway lanes or in a 

median location, but with either scheme, concentrations of 

mixed-mode traffic and a variety of activities tend to pro­

duce conflicts in freeway interchange areas. Some problems 

are common to all joint freeway-transit schemes and others 

are unique to each situation. Typical advantages and disad­

vantages to be ~,eighed and difficulties to be overcome have 

to do with: 

o Providing structures for rail access to freeway median 

locations 

o Separating alongside rails from freeway ramps 

o Fitting on-line stations within median or interchange 

constraints. 

o Providing access to stations 

o Providing parking facilities or alternatives 
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Many physical difficulties such as those relating to the 

compatibility of alignments and horizontal and vertical 

clearances, construction site access, and construction 

disruption are more easily dealt with when planning and 

designing a joint facility than when fitting a rail system 

into an operating freeway. On the other hand the coordina­

tion required for the design, funding and construction of a 

combined facility adds appreciably to the complexity of a 

joint project. 

3. Other Potential Corridors 

The availability and feasibility of using existing rights of 

way should be investigated at an early stage in the cons id­

erat ion of alternatives. There may be valid reasons vkly 

corridors have remained unused or lightly used. 

Some of the factors to be considered in connection 11ith 

inserting rail transit are: 

o Accessibility for construction and maintenance 

o Accessibility to users 

o Compatibility of joint usage 

o Compatibility with surroundings 

o Suitability for desired degree of access control 

o Feasibility of other potential uses that would be 

foreclosed 

l 
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D. Criteria and Requirements 

The right-of-way take must provide sufficient space to construct, 

maintain, operate, and protect all aspects of the transit system. 
Temporary easements may be appropriate for some construction 

purposes or other needs, but operational interests require per­

manent takes in most instances. 

The take is influenced by topography, drainage, utilities, serv­

ice roads, structures, side slopes and retaining walls, and by 

affected properties. In some instances involving aerial and 

underground structure considerations, upper and lower limits, as 

well as lateral limits, are established. The limits of such 

envelopes are defined by vertical and horizontal planes. 

1. Limits 

Table 3-3.1 summarizes typical 1 imits and minimum right-of­

way dimensions for basic grade line and structural configura­

tions. The guideline limits shown are for Category A rights 

of way, but also serve as a basis for establishing Category B 

and C limits when modified appropriately to fit existing 

conditions and future needs. 

As noted in Table 3-3.1, lower limits are normally not pre­

scribed, but where required by local limiting conditions, the 

dimensions shown represent desirable minimums. 

Permanent surface easements are preferred for surface and 

aerial construction, but must be modified where undue 

restrictions would be imposed as in the case of an aerial 

transit structure crossing another right of way. 

The preferred upper limit for underground structures is 
10 feet (3 meters) above the high point of the structure. 

The ground surface may be used as an upper 1 i mit when it is 
less than 10 feet (3 meters) above a structure if the minimum 
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depth of cover requirement, often 8 feet (2.5 meters), can be 

met. 

When it is necessary to designate an upper limit for a sur­

face trackway, it must be compatible with specified vertical 

clearance requirements. 

The lateral limit of 13 feet (4 meters) for surface construc­

tion is increased to 15 feet (4.5 meters) on the high side of 

superel evated sections. These suggested minimum lateral di­

mensions are appropriate for exclusive rights of way, but may 

be otherwise designated and agreed to on restrictive rights 

of way in shared highway or railroad corridors. Minimum 

1 ateral limits must be extended to provide for such things as 

slopes, service roads, and drainage. In retained cut or fill 

sections, the outside face of retaining wall footings may be 

used as the minimum distance for right-of-way width. 

The limit of right of way for stations is often set 3 feet 

(1 meter) from the outside face of the structure. \1hen 

multi-level stations are located within multi-purpose 

buildings, different easement limits may be designated at 

each level. 

Easement areas must be provided for installations such as fan 

and vent shafts, substations, and escalators. Preferred 

locations are contiguous to the transit system right of way, 

but they may be isolated. The installations must be access­

ible whether they are located in public space or within 

private property. 

Rail transit rights of way should be suitably monumented. 

2. Access Control 

Category A rights of way are protected so that external vehi­

cles and pedestrians are denied access except at points of 
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passenger ingress and egress such as stations and parking 

areas. Right-of-way barriers are erected along surface loca­

tions to prevent public access to the tracks and to third­

rail electrification. Suitable barriers for separating the 

public from the transit right of way include fences and walls 

(or fences on walls) with a minimum overall height of 6 feet 

(1.8 meters) facing the public side. Where minimum-height 

barriers might otherwise be mountable, they are topped with 

barbed wire or some other deterrent. 

During construction, work sites and contractors I areas 

require temporary fencing and barricades to protect pedes­

trians and vehicles. 

E. Costs 

Right-of-way requirements and acquisition costs vary greatly and 

are highly site-specific. Acquisition costs can change rapidly 

and are therefore also time-specific. 

Right-of-way costs can be nominal for Category C locations or for 

trackbeds utilizing or sharing pre-existing rights of way. Where 

acquisition is involved for either light or heavy rail systems, 

right-of-way costs may vary from less than $0.25 million per mile 

in a suburban area to more than $10 million per mile in the cen­

tral business district of a city. In addition to different 

requirements for right-of-way categories and for single or multi­

ple track\tays, varied requirements for storage and shop areas and 

for station and parking facilities contribute to the wide range 

in right-of-\tay costs even though relatively low-cost areas are 

sought for such facilities. Underground construction is an 

expensive alternative to the acquisition of costly rights of way 

in metropolitan areas. 
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TABLE 3-3.1 
MINIMUM RIGHTS OF WAY 

(GUIDELINES FOR CATEGORY 11 A11 R/W) 

TUNNEL 
AT GRADE CUT a COVER 

EARTH I ROCK 

SURFACE UNDERGROUND 

101 
{ 3 m) 

1t13' {4ml Above Top of I01 {3m) 101 
{ 3 m) 

Above T/R Structure Above Top Above Top 
{ Where Required) 40 1 

{ 12m)Above of Structure of Structure 
T /R at Stations 

* 10' {3ml *10'(3m) ,t10' (3ml 
* 10' { 3 I ffi) Below Low Pt. Below Low Below Low of Structure 

Below T /R Point of Point of 
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EXCLUSIVE R/W 
13 1(4m) Fr.{ Ea. Track 
15 1(4.Gm) on High Side 31 {90cm) 
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{See Directive Dwgs.l 

3 - 3. 9 

AERIAL 

AERIAL 

13 1 
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Above T /R 
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( Except Where 
Crossing Other 
Rights of Way 

25 1 (7.6m l 
From t. 

Each Track 

I. Minimum distances shown are to be modified where engineering requirements 
such as clearances, service roads, rock bolts, or drainage dictate additional needs. 

en 
w 2. All limits ore to be vertical or horizontal planes 
~ 
o 3 Use ground surface for upper limit for subways if distance shown extends above 
z ground and minimum depth of cover requirements can be met. 

4. Asterisk (-1t-) indicates limits not normally required. 

SOURCES: BRRTS ( Fig. IV. 12) 
SCRTD (Fig. IV. 48) 

WMATA ( Fig. Xll.2) 
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3-4 ELECTRIFICATION AND CONTROL SYSTEMS 

A. Introduction 

This section discusses electrification systems used to supply 

power to rail transit vehicles and presents an overview of vehi­

cle propulsion controls and system-wide operational control fea­

tures. Appendix A-11 contains CPUC safety control requirements 

for LRT operations. 

The direct-current traction motor has ideal characteristics for 

the frequent starts and stops inherent in transit operations. 

Electromechanical cams or sol id-state choppers permit operation 

at various speeds and provide simple control for smooth accelera­

tion and deceleration. 

B. Electrification Systems 

The principles applicable to the el ectri fi cation of LRT and HRT 

systems (and mainline railroads) are much the same. With the 

present state of the art, overhead wire systems are used for 
electrified mainline railroads, streetcars, and LRT operations, 

while a third rail is used for HRT systems. 

On mainline railroads, single phase AC high voltage is used to 

overcome power losses in long distribution systems and the equip­

ment needed for current rectification and voltage reduction is 

readily accommodated on board the large, powered vehicles. 

In the case of transit systems, the use of smaller, lighter vehi­

cles makes it difficult to place power rectification and step­

down packages on board. Also, distribution distances are shorter 

and power lasses are reduced. These factors favor the use of a 

low- voltage DC power supply. The distribution system, including 

transformer substations and feeder systems, becomes somewhat com­

plex, but the onboard system is relatively simple. 



3-4.2 

1. Power Supply 

Rail transit operational requirements for service flexibility 

and reliability are better met by an external power source 

than by an on-board power generator. Most often in the 

United States, commercial high voltage AC is purchased and 

delivered to transit-owned substations where it is rectified 

and reduced to low voltage DC. In some cases the utility 

company constructs the substations and sells DC to the 

transit system. This trade-off between capital outlay and 

operating costs warrants thorough consideration. 

In determining traction power requirements, consideration 

is given to the following items: 

o Power demand per car 

o Number of cars 

o Scheduled headway 

o Av er age speed 

o Length of track section 

o Track profile 

o Number of tracks 

If a blended braking option is selected, dynamic/regenerative 

braking can supplement friction braking and also deliver 

power back to the substation during deceleration. 

The location and capacity of traction-power substations is 

based on supplying power to cars or trains as demanded by 

schedules during maximum traffic periods while staying within 

the limits of permissible voltage drops. For a nominal 
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potential of 600 Vdc, a tolerable variation would be on the 

order of 450 to 675 Vdc. The power supply should al so be 

designed to keep the system operating when segments of the 

system fail. 

Lov1-vol tage direct current suffers severe transmission losses 

and cannot be stepped back up to usable voltage, so frequent 

substations or additional distribution lines must be provided 

to feed power to the overhead or third-rail systems. 

Most existing and planned HRT and LRT systems fall within the 

600 to 750 Vdc range. However, BART and BRRTS have chosen 

1000 Vdc third-rail systems. This voltage may be found at­

tractive for increasing the operating efficiency of future 

new systems. 

Although a potential of 1500 volts is considered the upper 

limit for a third-rail system, line voltages of 1200 Vdc or 

1500 Vdc are usually carried by overhead distribution sys­

tems. The new Tyne and Wear pre-metro system in England uses 

1500 Vdc overhead lines with pantograph collectors. 

In Chapter V of Moving People Safely, the APTA Committee on 

Power and Signals presents guidelines for third-rail and 

overhead power distribution systems. 

2. LRT Overhead Power Distribution Systems 

Safety considerations require the use of overhead power sup­

ply systems for LRT operations at grade. Third-rail power 

distribution is seldom appropriate because LRT rights of way 

are usually not completely fenced or grade separated and LRVs 

may al so operate on city streets. Appendix A-8 gives CPUC 

rules for clearances for overhead conductors and for the use 

of third-rail electrification. 
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Typically, LRT substations are spaced 1.5 to 2.0 miles (2.4 

to 3.2 kilometers) apart and power is fed to the overhead 

wire at intervals of about 1,000 feet (300 meters). 

There are two basic designs for overhead distribution sys­

tems. One is a single contact wire supported at 100 1 to 125 1 

(30m to 38m) intervals. The largest size contact wire used 

in LRT systems weights about one pound per foot (1.5 kilo­

grams per meter). In Europe, on some intensely used sections 

of track, two contact wires are placed side by side to in­

crease electrical capacity. 

The other basic overhead system is a multi-wire catenary con­

sisting of one or more messenger (support) wires that main­

tain the contact wire in an approximately level profile. 

This system requires fewer support points and the large di a­

meter messenger wire increases the current carrying capacity 

of the system. This can be an important consideration in LRT 

system design. 

Because of the sag inherent in the simple contact wire sus­

pension system and the varying stiffness of the wire through­

out its span, this arrangement is not suitable for top speeds 

exceeding 65 mph (104 km/h). The catenary suspension sys­

tems, normally used on high-speed transit lines, are usually 

tensioned by weights to secure constant wire tension and 

eliminate thermal sag. 

3. LRT Overhead Power Collectors 

LRVs collect power from the overhead contact wire by means of 

a trolley pole or a pantograph. The less expensive trolley 

pole is free to track horizontal and vertical wire deflec­

tions and has a U-shaped shoe that slides along the wire. 

Two poles, one for each direction, are required for 

bi-directional LRVs. 
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Several forms of pantographs and shoe variations are in use, 

but they all function in much the same manner. The panto­

graph is heavier, more com pl ex, and about three ti mes as 

costly as the $850 trolley pole. At LRV speeds, a single 

pantograph can be used in either direction. The pantograph 

provides more efficient current pick up than the pole and is 

free from dewri rement. The wide pickup shoe on the panto­

grapr, can accommodate a zig-zag vii re alignment that distri­

butes wear and extends shoe life. Shoe ends are typically 

turned down to prevent snagging on converging or intersecting 

wires. The pantograph, supported by springs, exerts 10 to 20 

pounds (4.5 to 9 kilograms) of shoe pressure against the con­

tact wire. 

The pantograph can be used with a single contact wire or with 

a multi-wire catenary system. It can be made compatible with 

trolley pole use so that both can be used during a system 

change over from pol es to pantographs even though overhead 

designs for each usually differ somewhat. Some LRVs are de­

signed to carry either pickup system, or both systems, with­

out appreciable difference in performance. 

Both poles and pantographs are designed to operate over a 

wide range of vlire heights. A range typical of many LRVs 

would be 12' - 19' (3. 7 m - 5.8 m) above the top of rail. 

Vertical clearance to structures must make an al 1 owance for 

the depth of the catenary and its support system in addition 

to the minimum operating height of the pickup device. Under 

certain conditions defined in Section 5 of Appendix A-11, the 

CPUC permits a minimum contact wire clearance of 9" (23 cm) 

above the height of an LRV pantograph in a retracted 

position. 
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4. HRT Third-Rail Distribution and Collector Systems 

Third-rail electrification employing a contact rail alongside 

the running rails is used for HRT systems that have grade­

separated or completely fenced, exclusive rights of way and 

high-level loading platforms that minimize the chances of 

1 ethal contact. 

The third rail has a greater electrical cross section than an 

overhead wire and it can, therefore, be used v1ith fewer 

feeder lines or with longer trains. Most overhead LRT sys­

tems are limited to three or four car trains. 

Current is collected by means of sliding metallic shoes 

mounted on HRV trucks and held in contact with the third rail 

by gravity, springs or pneumatic pressure. 

5. Combined Overhead and Third-Rail Systems 

A few mixed systems operating with both third-rail and aver­

head electrification have evolved in this country as a 

result of transit system expansion. In Chicago, the tran­

sition is made with vehicles in motion; in Boston, the tran­

sition occurs in an underground station when it is adjacent 

to an above-ground location. There may be operational or 

system circumstances where vehicles equipped for both track-

1 evel and overhead power collectors vwuld serve to advantage. 

Some vehicles, including the SOAC, are designed for selection 

of a third-rail or a pantograph pickup option. 

6. Design Aspects and Considerations 

o Third-rail electrification is less conspicuous than over­

head wires Miere a transit system is above ground. 

o The visual. impact of overhead electrical systems can be 

minimized ·by some design concepts. 
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o Both single contact wires and catenary systems may be sup­

ported by poles placed between or outside double tracks. 

o Support pol es are needed along reserved rights of \-Jay; 

pre-existing or joint-use support systems may be available 

at other locations. 

o In storage yards, third rails may be placed back to back 

on alternate pairs of tracks. 

o The diameter of a circular tunnel is usually governed by 

horizontal clearance requirements for LRV widths and 

safety walks rather than by overhead power collectors and 

contact wire systems. 

o The height of many underground structures is independent 

of ~'Ii dth; clearance requirements for an overhead contact 

wire may dictate structure height. 

o Third-rail systems carry current effectively for relative­

ly high-powered transit vehicles, but their structure and 

power-collection devices are such that transit syster;i 

speeds must be limited to 85 mph (136 km/h). 

o Third-rail systems are generally limited to 1000 Vdc and 

overhead systems are used for higher voltages. 

o A precisely aligned catenary system allows the overhead 

collector to function at speeds up to 200 mph (320 km/h). 

o Separate pantographs are usually employed on high speed, 

bi-directional vehicles. 

o In the near future, propulsion systems may be developed to 

combine chopper-like control with an AC traction motor and 

thereby reduce motor maintenance while retaining DC motor 

performance characteristics. 



3-4.8 

C. Control and Communications Systems 

The purpose of control and communications systems is to ensure 

that the transit system operates safely, reliably, and effective­

ly within its inherent operational limits. Each powered vehicle 

should operate smoothly and al 1 trains should operate in a coor­

dinated manner on all parts of the system. 

The appropriate degree of control and automation varies with the 

nature of the transit operation. 

1. Control System Variations and Characteristics 

Rail vehicles can be run manually without signals, but tran­

sit systems usually employ controls involving some form of 

signal system. Wayside or cab signals are used to relay 

information about the condition of successive track blocks 

and to alert the operator to take appropriate action. Con­

trol features can be added to override the operator and limit 

speed or stop the vehicle. 

In semi-automatic operation, the operator presses a button 

when ready to leave a station and wayside or track code sig­

nals govern operation between stations. 

In an automatic, computerized system (such as BART), trains 

are run from a control center while the operator monitors the 

operation and communicates with the center. A manual backup 

system permits the operator to cope with bad weather, multi­

ple delays, and unusual situations or simultaneous incidents 

that are beyond the ability of the computer control system. 

Fu 11 y automated, unmanned operation is somewhat ex peri men ta 1 

and has been confined to special installations of limited 

scope. Full automation has the same problems as automatic 

control systems monitored by an attendant, but with ful 1 

automation there is no one on board to close malfunctioning 
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doors, to handle control functions, or to respond in 

emergencies. 

Although all gradations of these control systems can be used 

on LRT systems, a high degree of automatic control is usually 

not warranted or needed. When automatic control seems desir­

able, an HRT system, not LRT, is indicated. In any case, 

ho\-1ever, the design of an initial control system can allo\'1 

for the future addition of various control features. 

2. LRT Controls 

In general, the degree of protection provided for LRT systems 

is as much as is feasible and necessary to operate on a 

particular right of way. In mixed traffic, or in reserved 

lanes on street portions of LRT systems (Right-of-Way 

Category C), the vehicle operator can observe traffic cond i­

t ions on the right of way and control movement of the train 

or vehicle accordingly. 

For LRT operations on reserved (Category B) rights of way, 

relatively simple signals are needed for rear-end protection 

at locations where speeds are high or sight distances are 

1 imited. Signals are used at grade crossings to actuate 

crossing protection devices or to pre-empt traffic lights on 

cross streets. Signals are al so used where two-way travel 

over a single track is necessary and at other locations where 

tracks converge or cross. In such instances, signaling and 

track switches can be interlocked. 

3. HRT Controls 

HRT automatic train control (ATC) systems encompass equipment 

situated along the wayside, in transit vehicles, in a control 

center, in stations, and in storage and maintenance yards. 
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CPUC General Order No. 127 contains regulations governing the 

construction, maintenance, and operation of ATC systems. A 

document entitled Automatic Train Control in Rail Rapid 

Transit, published in May 1976 by the U.S. Congress, Office 

of Technology Assessment, constitutes a guide for ATC 

implementation. 

The ATC system accomplishes three basic functions by means of 

the following subsystems: 

o Automatic Train Protection (ATP) - includes continuous 

train detection, train separation, interlocking protec­

tion, and speed-limit enforcement features \'ilich maintain 

safe train operation. 

o Automatic Train Operation (ATO) - performs the on-train 

functions of speed regulation and programmed stopping. 

o Automatic Train Supervision (ATS) - provides centralized 

traffic control that monitors the operation of al 1 trains 

and provides the necessary controls to maintain traffic 

patterns and make adjustments to minimize schedule 

delays. 

The ATC system can be designed so that it reverts to a state 

known to be safe Mlen malfunctions affecting safety are 

detected. In this regard, the ATO and ATS subsystems are 

subordinate to the independent fa i 1 safe features of the ATP 

subsystem and cannot override it. 

Vital ATP equipment should comply with applicable portions of 

the AAR Signal Manual of Recommended Practices. 
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4. Communications Systems 

Communications systems are increasingly important in the 

design and operation of rail transit systems. Each syster.i 

has its m-m needs for voice communications and telemetry. 

The purpose of the communications system is to transmit in­

formation between locations and among management, operating, 

maintenance, and security personnel, and to advise and assist 

patrons. Sophisticated systems may contain some or all of 

the fo 11 owing: 

o Cable Transmission System - provides two-way voice and 

digital communications among fixed terminals located at 

operations central control, passenger stations, yards, and 

along the transit routes. Digital data transmission pro­

vides for storing, displaying, and recording information 

about performance, operational status, train control, 

traction power, and mechanical and electrical support 

facilities. 

o Private Automatic Branch Exchange Telephone System -

provides voice communications among all administrative, 

operational, security, and maintenance locations. 

o Emergency Telephone System - enables passengers and 

operating and security personnel to communicate directly 

with passenger station agents or control supervisors using 

telephones in stations and al ong the wayside. These 

telephones can be used during emergencies or to obtain 

operating information. 

o Operations and Maintenance Telephone System - provides 

voice communications among employees at all working loca­

tions inc l uding telephone jack locations throughout the 

transit system. 
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o Two-Way Radio System - prov ides direct voice communica­

tions among personnel at central control, at maintenance 

headquarters, on each train, in maintenance vehicles, in 

other mobile units, at stations, and at sec urity 

headquarters. 

o Public Address System - provides for announcements to 

passengers and employees at each passenger station and on 

each transit vehicle and to employees at each yard. 

D. Electrification and Control System Costs 

Table 3-4.1 shows significant variations in the ranges of unit 

costs for electrification and control systems. Electrificatio n 

costs vary with the number and length of trains and peak demand 

levels. The costs for signal and communication features required 

for controlling trains with minimum headways is roughly propor­

tional to maximum operating speed. 
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CAPITAL OUTLAY 

for 
ELECTRIFICATION and CONTROL 

COST 
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RANGE 
CATEGORY DOUBLE Millions of 1975 Dollars 

TRACK 
ELEMENT ITEM BASIS LRT HRT 

z ~ 
Same as LRT 0 0 Per Mile 0.30 -1.40 - - OVERHEAD (.) I- 0 

,:, ~ -en 
(Per Kilometer} ( 0.19 - 0.87} (Same as LRT} >~ ..0 

::, 
0 LL. en o- 0\ (D 0:: C: Per Mile Some as HRT 0.80 - 2.10 I- ·-u "'O THIRD RAIL 

UJ -= 
-' (.) (Per Kilometer} (Some as HRT) (0.50 - 1.31 } 
UJ -= -

Per Mile 0.03 - 0.29 0.45- 1.05 
Wayside Signals 

en (Per Kilometer} (0.02-0.18} z (0.28 - 0.65} 

0 - Per Mile 0.00-0.10 0.21 - 1.50 I-
<{ Supervisory Controls 
u (Per Kilometer} (0.00 - 0.06} (0.13 - 0.93} -z 

....J :::> 
0.00 - 0.03 0.03 - 0.05 

0 ::E Per Mile 
0::: ::E Communications 
I- 0 (Per Kilometer} (0.00 - 0 .02} (0.02- 0.03} 
z u 
0 "O u C Per Mile 0.03 - 0.42 0.69 - 2.60 

0 SIG. 8 COM. SUBTOTAL 
en (Per Kilometer} (0.02 - o. 26} (0.43 - I. 62} 
....J 
<{ 
z Grade X ing Protection Ea. Xing. 0.03 - 0.06 NA (.!) -en 

On - Board Equipment Ea. Car 0.00- 0.02 0.02 - 0.03 

Yard Control Ea. Yard 0.00 - 1.00 1.00 - 10.00 

SOURCES 

• SOAR ( Table 33} 1 Ref. R-5 (Tobie I} 
1 Ref. CP-2 {Pp.119,120 S Var.} • Ref. R-7 (Pp.8,34,35,59860) 

1 Ref. R- 9 (Tobie 4) 1 Ref. R-· 2 ( Est. Factors) 
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3-5 AERIAL AND SUBWAY STRUCTURES 

A. Purpose and Scope 

HRT and LRT requirements for grade separations, retaining \'/alls, 

and bridges over watercourses are similar to those encountered in 

highway work. Therefore, this section of the manual deals prin­

cipally with elevated and underground line structures unique to 

HRT vehicles and operations. 

The purpose of this section is to present in broad terms some of 

the considerations influencing selection of aerial or subsurface 

structures, to outline structural requirements, and to suggest 

the nature of the many design problems to be investigated and 

resolved. 

B. Structure Design Assistance 

Requests for assistance with transit-related structural (and 

architectural) planning studies, cost estimates, and design 

studies are welcomed by the Transit and Structural Design Section 

that has been established in Sacramento within the Office of 

Structures Design. 

Planning and design of rail transit structures and of highway 

viaducts, bridges, and tunnels are similar in many respects. 

However, single-track structures are significantly narrower than 

typical highway structures and are therefore better suited to the 

use of prefabricated or precast units. 

AASHTO truck loadings are somewhat lighter than LRV and HRV load­

ings, but may be used to produce satisfactory preliminary cross 

sections and estimates for rail transit structures. See Subsec­

tion 5.2 of Appendix A-11. 
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C. Profile/Structure Considerations and Selection 

Selection of the most appropriate type of HRT line structure is 

an iterative process involving the examination of alternatives to 

determine the best overall combination of track profile and hori­

zontal ~ignment. This critically important decision is based on 

consideration of many complex feasibility, economic, impact, and 

service factors. However, the balance of this section is con­

cerned mostly with the particular requirements imposed by the 

selection of an aerial or underground profile and with the vari­

ous design choices available to best meet those requirements. 

Although economic, safety, environmental, and aesthetic factors 

are generally overriding in choosing basic structure types, many 

considerations related to such matters as traffic handling, util­

ities relocation, and business access along the route must be 

\'#ell thought out during early planning and project development 

stages in order to avoid pitfalls during construction. 

Basic profile choices and specific structure proposals can al so 

be affected in important ways by such factors as: 

o Time required for on-site construction 

o Surface activities and constraints 

o Access to construction site 

o Utility relocation 

o Construction equipment and methods 

o Traffic control 

o Materials handling and storage 

o Noise, vibration, and settlement 

o Falsevmrk requirements and feasibility 

o Geologic features and ground water 
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Some considerations are unique to each basic type of ~ T l i ne 

structure. Some requirements, common to both aerial and under­

ground structures, are more critical for one than for the other 

and the design response may vary accordingly. In terms of a 

given system, such factors as the follo\>1ing may be important: 

0 The possibilities of power failure, 

other occurrences are of special 

locations and esrecially underground. 

fire, derailment , and 

concern in elevated 

o Both aerial and subway structures require continuous walkways 

for emergencies and for maintenance. 

o Walkways should provide a width of at least 2.0 1 - 2.5 1 

(0.61 m - 0.76 m) outside the vehicle clearance envelope. 

o Walkways are genera 11 y located between double tracks and on 

the trackside opposite third-rail electrification. 

o Requirements for ventilation and the control of pressure 

changes pose problems and add costs in subway construction. 

o For many reasons it is desirable to standardize elevated and 

underground line structures throughout a given system. 

o Aerial structure form is greatly influenced by visual and 

noise considerations. 

o Alignment curvature, particularly horizontal curvature, tends 

to complicate some aspects of structure design above and 

below ground. 

o Separated, single-track structures, especially tunnels, are 

often employed in rail systems and track separation is 

increased where stations are to be accommodated between the 

tracks. 
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o Aerial structures avoid many of the problems and costs asso­

ciated with importing embankment material for an elevated 

gradel ine or associated with the disposal of excess material 

from construction below ground. 

o In some instances, short-term construction advantages must be 

weighed against long-term operational advantages. 

o Genera 11 y, concrete structures require 1 ess rnai ntenance than 

steel structures and problems with electrolysis are reduced. 

The relationships of vehicle clearance envelopes to various 

structural shapes and conditions are given in some detail in the 

clearance diagrams and cross-sections in Chapter 4. 

D. Aerial Structures 

Many types of aerial structures are suitable for carrying single­

or multi-track transit 1 ines. The characteristics of one type 

may best fit the requirements for a particular location or 

situation. 

1. Structure Types and Characteristics 

General characteristics for various types of concrete and 

steel structures are summarized in absolute and comparative 

terms in Volume III, Section 10 of the Caltrans' Bridge Plan-

ning and Design Manual. The summary includes a number of 

box, beam, and girder shapes with several pre-cast and cast­

in-pl ace concrete variations. The range of suitable spans 

for each type of structure is given within the overall limits 

of 30' - 500' (9 m - 150 m). The depth-to-span ratios for 

the various concrete simple spans approximate 0.045 for high­

way purposes and 0.08 for conventional railroads, not includ­

ing an approximate 24" (61 cm) depth for ballast and rail 
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height. For LRV and HRV loads, the depth-to-span ratio for 

simple spans may be assumed as 0.045 for concrete and 0.055 

for steel. Ratios for ,_c_ontinuo-<'us \ spans are about 10% less 
than for simple spans. I -::>~.yvie.rvtR:l] 

The summary also provides notes regarding the special attri­

butes of certain structures with respect to appearance and 

appropriate siting, future modifications, falsework, deflec­

tions, torsion, irregularities, utilities housing, and sim­

plicity of design and construction. Al so, the Transit and 

Structural Design Section has developed typical sections, 

quantities, and cost data for various types of aerial line 

structures for rail transit. 

2. Design Considerations 

Some additional considerations influencing aerial design 

are: 

o Distinctly different vibration, harmonic, and noise char­

acteristics result from the use of ballasted, open tie, or 

direct fixation trackwork on elevated structures. 

o Ballasted trackwork produces the smoothest, quietest 

ride. 

o Closed abutments are usually more costly than open abut­

ments and are harder to modify. 

o Superelevation and skewed crossings can affect structure 

appearance and cost adversely. 

o Cast-in-pl ace structures require fal sework openings and 

guard rails when traffic cannot be diverted. 
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E. Subway Structures 

1. Structure Types and Characteristics 

Primarily, underground construction is accomplished either by 

tunneling or by the cut-and-cover method. The latter con­

sists of open trench excavation which usually involves 

temporary shoring and covering. The line structure is often 

a single- or multiple-cell reinforced concrete box. 

In the tunnel method, boring machines are supplanting conven­

tional mining methods in all kinds of rock. Tunnel boring 

machines have recently proved effective in soft ground as 

well. The circular shape is the most common tunnel shape. 

Most tunnels require a permanent lining of concrete or steel 

and may need temporary support also. Sunken tube methods are 

used for construction under water. 

The Transit and Structural Design Section has developed typi­

cal sections, quantities, and construction costs for a series 

of mole driven, circular tunnels. Cost information from this 

planning study is summarized in Table 3-5.1. Inquiries re­

ga rding underground structures may be directed to the Transit 

and Structural Design Section. 

The cross-sectional area for most subsurface, si ngl e-trac k 

structures is approximately 200 square feet (18.5 square 

meters). The inside diameter for a circular tunnel is 

usually close to 16' (4.9 m). Single-track, rectangular box 

sections are 14' to 15' (4.3 m to 4.6 m) wide and 13' to 14' 

(4 . 0 m to 4.3 m) high. Horseshoe shapes are typically 14.5' 

to 15' (4.4 m to 4.6 m) wide and 8 1 (2.4 m) high to the 

spring line of a circular arch of half-width radius. 
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2. Structural Aspects and Considerations 

Underground construction is generally more expensive than 

surface or aer i al construction. It is mostly restricted to 

metropolitan areas where the cost is perceived to be l ess 

than the "total costs" imposed by the temporary disruptions 

and continuing socioeconomic and environmental impacts of 

alternative proposals. 

Conceptually, underground routes avoid high acquisition costs 

and achieve a protected right of way on alignments that are 

free of many physical conflicts and restrictions. Cut and 

cover construction is inherently more limited as to location 

and is more disruptive of surface activities than is tunnel 

construction. However, in either case, station requirements 

can serve as major factors in fixing underground route loca­

tions and profiles. 

The avoidance of major utilities can also influence the type 

of subway construction to be employed and the structure pro­

file depth below the surface. 

Although a number of physical conflicts and restrictions can 

be minimized by tunneling, the removal of tunnel excavation 

is subject to the same regul at i 011s and urban environmental 

constraints as the handling of material in connection v1ith 

any and all other types of construction which are vie~'ied and 

permitted as necessary nuisances. 

3. Geological Studies 

Appropriately thorough, competent subsurface materials in­

vestigations are necessary for the proper consideration and 

design of all transit strucutures and roadbeds, but they are 

especially critical in the evaluation of underground propos­

als. Knowledge of the nature of material to be encountered 

is critical to structure design, construction methods, and 
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costs. Related matters of concern include such things as 

soil bearing capacities and thermal characteristics, earth­

quake faults, dewatering requirements and hydrostatic uplift, 

subsidence control, vibration transmission, underpinning 

needs and potential damage to nearby structures, depth of 

cover, and the need for pressurized work areas. 

4. Ventilation 

This discussion deals mostly with ventilation in subsurface 

line structures. Important related matters, having to do 

with climate and noise control in underground station vaults, 

are presented in Section 3-6, Subsection 1. It should be 

noted here, however, that underground env ironmenta 1 control 

considerations may influence major elements of system and 

structural design. Subway and station design are interde­

pendent. When local conditions and transit system operating 

concepts are taken into account, subway 1 ine structure con­

figurations may be affected. For instance, certain combina­

tions of environmental parameters may influence the choice 

between cut and cover structures (with or without dividing 

walls) and dual tunnels. Temperature control considerations 

may even influence profile grade lines and the type of dynam-

ic braking selected for vehicles. At stations, up-grade 

approaches and down-grade departures can significantly reduce 

power and heat loads. 

The primary purpose of providing for positive and effective 

ventilation of line-section trainways under normal (non­

emergency) conditions is to ensure that the heat generated by 

equipment and people is carried off fast enough to prevent an 

objectionable temperature rise and to avoid offensive odors. 

Normal ventilation can be supplied by the piston action of 

vehicles operating through subway structures. From a venti­

lation standpoint, separate structures enclosing each trc·in­

way are more efficient than larger structures enclosing two 
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or more trainways. Structures designed for piston-effect 

ventilation provide a high blockage ratio of vehicle to 

structure cross-section. This ratio is usually on the order 

of 50% as discussed in Section 3-2, Subsection E (u nd er 

"Vehicle Shape and Clearance"), as discussed next under 

"Portal Design," and as discussed in Sec ti on 3-6, 

Subsection I • 

Ventilation shafts spaced along the subway structure provide 

for air supply and exhaust to ensure air change for heat 

removal. During periods of no train movement (no piston 

action) the ventilation must be provided by mechanical means. 

Some shafts are fitted with dampers and fans to take care of 

this situation and to provide for emergency ventilation. 

The primary purpose of emergency venti 1 at ion is to control 

smoke migration by supplying fresh air and exhausting smoke 

as an aid in evacuating passengers and in fire fighting. The 

ventilation rate must provide a satisfactory supply of fresh 

air to evacuees in the event of fire and the purge rate mt.;st 

be adequate for entry of fire fighting and maintenance per­

sonnel and for return to service. 

Fan shafts must be located relative to vent shafts and sta­

tions so that all underground sections can be purged. Fans 

can be reversible to supply or exhaust as circumstances 

require. Large vent shafts are often provided where each 

single-track line structure interfaces with a station. 

Intermediate shafts are usually provided ~,/here subway runs 

exceed 1500 1 (460 m) between stations. The size, shape, and 

location of vent shafts can be determined mathematically or 

by model tests. In some systems, ventilation shafts also 

serve for emergency egress. In such cases, emergency venti­

lation requirements, considered together with overall safety 

and passenger evacuation, may be controlling in establishing 

shaft locations and sizes. There are no definitive rules or 

guidelines. In the past, vent shaft spacing at intervals of 
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1200' to 1500' (370 m to 460 m) coincided with what was 

thought to be the desirable limit of traverse for evacuees 

and the desirable frequency for subway access by firemen on 

the surface. 

The location, nature, and accessibility of vents and fan 

shaft open i ngs, at or above the surface, can be important 

considerations in subway location and design. Shaft con­

struction may cost from $100,000 to $500,000 each and must be 

integrated with real estate development. 

In the BART trans-bay tubes, where there are no shafts for 

over three miles, a duct between trainways runs full length 

between ventilation buildings at each end and serves for 

emergency ventilation and passenger evacuation. 

Several problems are related to providing piston-type venti­

lation. One is the blast effect which must be dissipated at 

the subway entry to underground station vaults. This is dis­

cussed in Section 3-6, Subsection I. Another problem is the 

control of a rapid pressure build up that can occur at subway 

portals. This is presented in the discussion inTTiediately 

hereafter. 

5. Portal Design 

Subway portals are relatively expensive and critical features 

in transit location, design, construction, and operation. 

In locating subway portals and determining the ends of vari­

able height approach walls, special consideration must be 

given to protection against flooding and to the prompt re­

moval of water from rainfall, drainage, and seepage. Ade­

quate resistance to hydrostatic up 1 ift must be provided. 

Also, attenuation of sudden changes in air pressure and noise 

levels, due to vehicle passage into or out of enclosed struc­

tures, must be considered. 
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Transition structures, such as shown in Figure 3-5.1, are 

designed primarily to accommodate a profile grade change from 

the ground surface to an underground structure and to provide 

an entrance section that wi 11 minimize the rate of change of 

pressure on a train passing through the portal. The pressure 

rise at portals is a function of the cross-sectional area of 

the portal entrance and the entrance speed of the train. 

The ratio (R) of car cross-sectional area to subway area for 

circular, box, or horseshoe shapes often ranges form 0.48 to 

0.56. For a typical R value of 0.52, with no attenuation at 

the structure entrance, the estimated rate of pressure rise 

would be about 65 psi/sec. at 40 mph (448 kPa/sec at 64 km/h) 

and about 190 psi/sec at 60 mph (1310 kPa/sec at 96 km/h). 

One type of entrance design provides a flared transition so 

that the increase in cross-sectional area approximates a 6 

degree (0.1 radian) conical flare starting at the constant 

area section of the tunnel or box and extending to the portal 

opening. The transition can be formed by flaring the top and 

sides provided no plane or surface of the transition section 

is at an angle in excess of 6 degrees (0.1 radian) relative 

to the subway structure centerline and provided the side 

tapers are symmetrical about centerline. It is estimated 

that this treatment will reduce the pressure rise per second 

to about one-fifth of the no-taper rates. Flared entrance 

areas and transition lengths for various speeds are given in 

Table 3-5.2. 

In lieu of constructing a flared transition, a tapered slot 

can be constructed at the portal of a box-shaped subway sec­

tion. From a 1.0 1 (0.30 m) minimum width, the slot should 

increase to a maximum width at the portal at a taper rate of 

12 1 (3.66 m) per 100 1 (30.5 m) of length. Slot lengths and 

corresponding maximum widths for various train speeds are 

also given in Table 3-5.2. 
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Other pressure considerations are the previously mentioned 

piston-effect that helps ventilate subways and a correspond­

ing blast effect that occurs when subway trains enter under­

ground stations. Blast control is discussed in Section 3-6, 

Subsection I. 

6. Special Subway Design Features 

A number of special features and facilities related to aner­

gencies, safety, and drainage must be considered and provided 

for in subway design. 

o Walkways are provided on one side of all trackways in line 

sectior. subway structures. The walkway should be at least 

2' -0 11 (61 cm) above the top of rail and provide 7 '-0" 

(213 cm) headroom. Walkways should provide direct access 

to platforms where possible and should extend beyond the 

portals and through open cut structures to an exit point 

near the surface grade point. Handrails should be pro­

vided on subway and open cut walls along the walkway. 

Walkways should be lowered at appropriate locations to 

provide access to the undersides of vehicles. The third 

rail should be located on the side of the track opposite 

walkways and platforms unless special conditions dictate 

otherwise. 

o Cross passages are installed between separate subway 

structures in order to evacuate patrons from an endangered 

trackway or immobilized vehicle and to provide access 

between trackways for emergency and maintenance personnel. 

The maximum spacing for cross passages is often set at 

300' (90 m) for cut-and-cover subways where trac kways and 

walkways are separated by a common wall. Cross passages 

are spaced at a maximum interval of 1000' (305 m) in tun­

neled subways when trackways are in separate tunnels. 

Cross passages should be adequately signed and lighted and 
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provided \-Jith at least one suitable door. Where track 

centerlines are 35' (10. 7 m) or more apart, doors are pro­

vided at each end of the passage. 

o Crosswalks are provided \'/here emergency exits lead in g to 

the surface are located on the trackside opposite the con­

tinuous walkway. The crosswalk should be at least 5 ' 

(1.5 m) wide and connect to a walkway on the exit side. 

This walkway should extend at least 40' (12.2 m) each side 

of the ex it in order to match at least one car door if a 

stopped train blocks the crosswalk. The crosswalk should 

be at the same elevation as the top of rail and have ade­

quate steps at either end. The third rail should be gap­

ped by at least 15' (4.6 m) at crosswalk locations. 

o t~all niches are indentations in subHay walls which provide 

refuge for \-Jorkmen \'/here unusual trackway conditions are 

such that the walkway is not considered a safe refuge. 

Grab bars should be placed on each side of the niche and 

it should be deep enough to provide adequate space outside 

the train clearance envelope. 

o Refuge space is provided adjacent to the track under neath 

the edge of platforms. 

o Emergency exit stairways are provided where cross passages 

are not feasible and distances to subway station or porta l 

exit points are excessive. Emergency exit doors must be 

equipped with panic hardware and the exits should be loca­

ted so that the distance to adjacent exit points is not 

r.iore than 1000' (305 m). Emergency ex its may be incorpo­

rated into ventilation, sump pump, or electrical sub­

station structures. 

o Emergency access adits equipped \vith suitable hatches and 

ladders for use by firemen and trained emergency personnel 
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should be incorporated in other shafts and structures 

wherever practicable. 

o Subway line alarm and fire protection systems must be pro­

vided underground. Such systems include emergency signals 

and telephone communications through a control center to 

obtain fire, police, ambulance, and wrecking crew serv­

ices. Emergency communications equipment should be housed 

in panels located along subway \'lalkways at intervals not 

exceeding 1000' (305 m). Panels should also contain por­

table fire extinguishers. Adequate fire hose connections, 

accessible from each separated subway structure, must also 

be provided at 1000' (305 m) maximum intervals. 

o Drainage facilities, including longitudinal collectors and 

pump sumps, must be adequate to handle the accumulated 

flow from all potential sources above and below ground. 

The longitudinal collector in a trackway floor slab con­

sists of a center trough. The floor slopes transversely 

toward the trough at 2.5% and the longitudinal collector 

trough slopes at 0.03% minimum to sumps at each low point. 

Each sump should be accessible from the surface through a 

shaft and should be equipped with automatic pumps, check 

valves on discharge lines, and connections to suitable 

outfalls. 

F. Loads and Forces 

1. General 

All transit structures are designed to sustain the maximum 

dead loads (DL), live loads (LL), and other loads to \'kiich 

they may be subjected, including erection loads occurring 

during construction. 

The purpose of this discussion is to present the basic loads 

and forces to be considered in the design of retaining walls 
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and aerial and subsurface line structures. Many of the basic 

considerations apply to the design of stations and other 

transit structures as well. 

The Transit and Structural Design Section should be consulted 

and will coordinate efforts to conduct soils investigations, 

provide seismic data, establish loading criteria, and perfonn 

design analyses for line structures and other significant 

structures to be considered in connection \-Jith transit 

proposals. Earth and water pressures on underground 

structures (and allowable bearing values) vary considerably 

with geographic location and must be investigated at the 

site. 

2. Live Loads (LL) 

Live loads consist of any non-permanent loads such as the 

weight of transit vehicles, people, crane cars, equipment, 

machinery, elevators and escalators, stored materials, 

construction loads, and loads due to maintenance operations. 

Figures 4-2.1 and 4-2.2 show axle loads and spacings for 

typical design vehicles and Section 4-2 discusses the live 

load elements associated with transit vehicles and trains 

that are considered in the design of line structures. These 

elements include the dynamic effects of live load impacts; 

centrifugal, rolling, braking, and tractive forces; and wind 

loads on live loads. 

3. Dead Loads (DL) 

Dead loads consist of the actual weight of the structure 

including permanently installed trackwork, walks, walls, 

floors, roofs, utilities and other construction fixtures. 

Some basic dead load aspects and considerations are: 
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o Cut-and-Cover Structures. The dead load includes the 

Height of earth cover supported by the top of structure 

and acting as a gravity load. Consideration must be given 

to accommodating variable dead loads during the life of 

the structure. For example, the addition or removal of 

earth cover on a structure must be analyzed and the struc­

ture designed for critical stress or deflection. 

o Earth Tunneled Structures. The long-term dead load is the 

same as for cut-and-cover structures. Construction and 

short-term loadings depend on particular location and 

circumstances. 

o Rock Tunneled Structures. Construction and long-term 

loading depend on the particular location under 

consideration. 

o Minimum Earth Cover. All underground structures should be 

designed for actual cover depth or for a minimum depth of 

8 1 (2.4 m) when the actual cover is less than 8 1 (2.4 m). 

o Loads From Adjacent Building Foundations. Underground 

structures must be designed for increased horizontal and 

vertical loadings (from foundations of adjacent buildings 

and other structures) or underpinnings must be provided to 

avoid increased loads. 

4. Seismic Forces 

All structures must be designed to resist earthquake motion. 

The Caltrans Office of Structures Design and the Office of 

Transportation Laboratory have particular expertise in earth­

quake research, analysis, and design. 
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5. Lateral Earth Pressure (E) 

Structures must be designed for lateral pressure due to earth 

loads and surcharges placed on abutting earth. All01vances 

must be made for both dry and submerged earth pressures and 

for hydrostatic pressure. 

6. Hydrostatic Pressure and Buoyancy (B) 

The effects of hydrostatic pressure and buoyancy must be con­

sidered in the design of substructures, including piling. 

Buoyant forces may be most critical during construction and 

structure backfill operations. Possible future changes in 

ground water elevation must be considered. 

7. Other Loads and Forces 

Wind loads; stream flo\'I, local flooding, and vibration ef­

fects; differential settlement; and thermal forces may be 

significant considerations in the design of various 

structures. 

G. Structure Cost Considerations and Ranges 

Subways are generally more costly than aerial structures and both 

are more expensive than surface trackways, although costs for the 

latter rise sharply M1ere bridges are frequent and where retain­

ing walls are employed in restricted areas to retain embankments 

or to protect depressed sections. Route construction costs with­

in above-grade and below grade categories can vary \'1idely with 

location and other factors. Structure choices are often governed 

by considerations other than relative cost. 

Aerial construction costs vary between open and sol id decks and 

for ballasted track or direct fixation. 
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Subway costs vary appreciably depending on circumstances and con­

struction methods such as cut-and-cover, tunneling in earth or 

rock, or sunken tubes. Costs are also affected substantially by 

such factors as maintaining traffic, removing and disposing of 

excavated material, depth of cover, dewatering or other hydraulic 

concerns, underpinning requirements, and the need for pressurized 

Hork areas. 

Table 3-5.3 gives cost ranges for several structure types and 

conditions and emphasizes the cost variations that can occur 

within each type. 
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TABLE 3-5.1 

SINGLE TRACK TUNNEL COSTS 

* 16.51 (5.0m} I.D. MOLE 
1975 CONSTRUCT ION COSTS 

DRIVEN CIRCULAR TUNNELS 

TYPE OF SOIL DEPTH OF COVER $ MILLIONS $ MILLIONS 
PER CONSTRUCTION CONDITION FEET METERS PER MILE KILOM ETER 

CONCRETE 
LINING ROCK NA NA 10.5 

<501 < 13. 5 PRECAST SOFT = 15m 

CONCRETE 
50 1-1001 15m-30m 13.8 

GROUND 
< 501 < = 15m 18 .4 

(DRY} 
STEEL 50 1-1001 15m-30m 27.2 
LINER 

SOFT < 50 1 < = 15m 31.0 
GROUND 
( WET} 501-100 15m-30m 40.0 

*construction cost estimates include tunnel excavation, 

lining, grouting, invert concrete and 20% contingencies 

for single - track line structures only. Trackwork, 

ventilation, electrification, stations, porta I and 

transition structures not included. 

SOURCE: Caltrans Transit and Structural Design Section 

6.5 

8 .4 

8.6 

II. 4 

16.9 

19.3 

25.0 
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TABLE 3-5.2 

GUIDELINES FOR SUBWAY PORTAL TRANSITIONS 
FOR SINGLE TRACK BOX a CIRCULAR SUBWAY SECTIONS 

TRAIN 
LENGTH OF SLOTTED MAX. WIDTH OF AREA OF FLARED 

SPEED OR FLARED TAPERED SLOT IN OPENING FOR BOX 
AT PORTAL 

TRANSITION TOP OF BOX OR Cl RCULAR SHAPE 

MPH (KM/H) FEET (METERS) FEET (METERS: 
SQ 

~lT~R~ FEET 

40 (64) 0 ( 0) 0 ( 0) 200 ( 18.6) 

50 ( 80) 50 (15.2) 7.00 (2.13) 325 ( 30.2) 

60 (96) 75 (22.9) 10.00 (3.05) 415 ( 38.5) 

71 ( II 4) 100 (30.5) 12.75 (3.89) 510 (47.4} 

78 ( 125) 112.5 (34.3) 14.50 (4.42) 570 (52.9) 

NOTE : • Values based on subway cross- sectional area 
= 200 ft2 ( 18_6 m2) and 11R11 car cross - secti_onol area 

subway cross- sectional area 
= 0 . 52 

• Transitions not required for : 

- Train velocities 40mph (64km/h) or lower 

- Tunnels of length less than 200 1 
( 61 m) 

- Portals at underground Stations 

sou RCE S : SC RT D ( Figs. V - 11 8 V - I 2 ) 

B R R TS ( F i gs. V - 4 8 V - 5 ) 
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TABLE 3-5.3 

DOUBLE - TRACK LI NE STRUCTURE COSTS 

1975 CONSTRUCTION COST RANGE 
TYPE CONSTRUCTION 

J Millions per Mile 

AERIAL 8- 20 

BOX, CUT 8 COVER 12 - 30 

_J ROCK 10- 30 w 
z 
z EARTH, DRY 15- 40 
:::, 
r- EARTH, WET 40 - 70 

TUBE 50 - 75 

Var. SOURCES including: 

Ref. CP-2 
Ref. R - 7 

$ Millions per Kilometer 

5.0 - 12.5 

7.5 - 18.5 

6.0 - 18 .5 

9.5 - 25.0 

25.0 - 43.5 

31.0 - 46.5 

Caltrans Transit 8 Str. Des. Section 
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l000 1 

( 30 5 m) 

Retaining Wall, 

-oi l\111111111-
(\J -

w 

~ = 1!!11111111 - ~ 

Retaining Walls PLAN 

-

Tunnel 
ELEVATION 

Notes : • No Sea le 
• Approximate 1975 Construction Cost= f 1,200,000 

SOURCES : 

CALTRA NS TRANSIT A ND 

STRUCTURAL DESIGN SECTION 

RAIL TRANSIT CRITERIA 

TYPICAL TUNNEL PORTAL 
TRANSITION STRUCTURE OCT 77 

FIGURE 3-5.1 
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3-6.1 

STATIONS, PLATFORMS, AND PARKING 

A. Introduction 

Passenger facilities are critical to the operation of any ra il 

transit system. They can range in complexity from an i sl and 

"platform" in the street, or a simple shelter, to a regiona l 

multimodal transportation center. Even so, stations share design 

principles and a common purpose to facilitate passenger access to 

a line-haul operation. In addition to their relationsh i p to 

line-haul system effectiveness, stations can serve as interchange 

points for various modes and systems, and can be major determi­

nants of the effectiveness of an entire multimodal regional 

transportation system. 

The Transit and Structural Design Section has developed a number 

of concepts and renderings for transit stations, especially for 

on-line stations, to serve bus or rail systems located within 

freeway medians or rights of way. A report by DMT, Bus Passenger 

Waiting Shelters, January 1977, contains findings and recommenda­

tions applicable to LRT shelter designs and costs. 

Station design and construction must comply with applicable muni­

cipal, county, state, and federal regulations and codes, includ­

ing those relating to access by the handicapped. 

B. LRT and HRT Station Characteristics and Contrasts 

The range of station concepts and facilities is wide for both LRT 

and HRT systems. Further, for any type of station, considerable 

discretion can be exercised when matching appearance and ameni­

ties to the site and to the operating characteristics of the sys­

tem and in providing for patron safety, comfort , and 

convenience. 

HRT systems, because of the very nature of their operations, pro­

vide complete grade separation for pedestrians and vehicles. f--R T 
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stations have three basic elements: platforms, facilities for 

pedestrian access from one level to another, and control areas 

for collecting fares and for separating paid and unpaid passen­

gers. A mezzanine level or concourse is often provided to col­

lect, serve, and sort out pedestrian traffic between station 

entrance/exit points and trackside platforms. Figures 3-6.1 

through 3-6.4 illustrate some typical arrangements of basic sta­

tion elements. 

LRT stations need not be elaborate. Al though the "station" may 

vary from a typical streetcar stop to a controlled-access, grade­

separated facility, in many cases a low-level, well-lighted 

platform with a simple shelter is appropriate. LRT shelters are 

normally provided with benches. Additional amenities such as 

interior lighting, newsstands, information displays, and 

telephones may be warranted. Heating is not usually provided. 

Canopies over platform areas for on-line HRT stops along at-grade 

locations or on aerial structures are relatively extensive and 

rnay extend trackward 2 ft. (0,.6 m) or more beyond the edge of 

platform. Canopy drainage should be well controlled. 

At LRT stations, pedestrian and vehicle flows are not necessarily 

separated, and special attention is required to design for safe 

and efficient pedestrian flows. When on-b,Qncd far~col]ection js ....,. 
used, LRT operations need not bave fence.d.-3tati@rs, but at bu~ 

~le-track stati ors, ·ni ti-. eitber:_center or side pl at.,f.llrJ.U, ~t 

may be desirabJe to place teociog botrimeR Ow tracks to control -or prohibit pedg£triiP ,l"ossiRg, .. If LRT fares are to be prepaid, 

security needs may become as great and as expensive as for HRT 

systems. 

Controlled access LRT stations are usually grade-separated from 

street level. They are sometimes at grade level with pedestrian 

overcross i ng access to pl at forms. In either case, they are 

usually designed for the introduction of in-station fare collec­

tion. Another configuration, used with relatively inexpensive 
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trackways at grade in the street, is to place the station belm-., 

grade for pedestrian circulation. Such inverted stations, con­

nected to sidewalks and pl at forms by stairs and escalators, may 

contain shops and other facilities. 

In pre-metro operations or other LRT systems that must be compat­

ible with HRT operations, multilevel, mezzanine-type stations and 

prepaid fares may be required. 

C. Station Location and Frequency 

The problem of determining station frequency presents a dilernma 

in which access from service areas must be weighed against 

high-speed line haul. 

The number of stations and their location are influenced by the 

considerations presented herein and by the related design consid­

erations listed in Subsection D hereafter. 

When trains are loaded to maximum capacity in outlying areas with 

passengers who are destined for the CBD, intermediate station 

stops are unnecessary. In such cases, facilities for through 

express or skip-stop service may be appropriate. Frequent sta­

tion stops in the CBD are in keeping with express service since 

tJile entire passenger load is discharged (or picked up) in a 

relatively short distance. Frequent CBD stops minimize transfers 

betwee~ express and local service and lessen passenger concentra-

tions and congestion. GO 

In intermediate zones, station locations are determined through 

consideration of business, commercial, industrial, and entertain­

ment stops. 

Station intervals in residential areas may be less than 0.5 mile 

(0.8 km) for local service where passenger demands (and the fore­

going considerations) warrant and they may be more than 2 miles 

(3.2 km) for express stops. Appendixes A-2, A-3, and A-5 list 
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the average station spacing for a number of operating LRT and HRT 

systems. 

The location and frequency of stations are also influenced by the 

spacing of feeder lines and the need for transfer facilities 

where main lines cross or converge. LRT stops are sometimes 

located at grade intersections and coordinated with cross 

traffic. 

Consideration of passenger and station employee security from 

annoyances and criminal acts may tend to reduce station frequency 

and influence location. The probability of certain types of 

incidents decreases as the number of station users and observers 

increases. Added stations could be relatively less secure and 

could lessen security at adjacent stations if patronage is 

diverted. 

Stations which coincide with shopping or activity centers can 

provide added conveniences and inducements for transit patronage. 

So, too, can park and ride stations which are often located away 

from built up areas to minimize land costs and auto congestion. 

Some LRT boarding locations and shelters may be located away from 

direct conflict with auto traffic in residential areas. 

D. Design Concepts and Considerations 

Within system and operating constraints, stations should provide 

appropriate facilities to accommodate all passengers - young, 

old, and handicapped included - in a safe, convenient, comfort­

able, and efficient manner. 

1. General 

The type of station to be provided and its design are 

functions of the following variables: 

o Passenger volume 
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o Train frequency 
o Type of service 

o Station intervals 

o Number and cost of stations 

o Cl imate 

o Method of fare collection 

o Compatibility with i111T1ediate environs 

In HRT aerial and subway locations especially, station design 

must be integrated with 1 i ne structures. In LRT systems, 

construction of at least a minimum shelter should be consid­
ered to protect patrons from the sun, rain, and wind. 

The design of shelters or structures for al 1 types of sta­

t ions should provide good visibility and avoid creating areas 

hidden from view in order to improve the security of employ­

ees and patrons. Even shelter sides and windscreens should 

be constructed of transparent material. 

Architectural concepts can influence security and contri­

bute to a sense of patron safety. Some general considera­

tions are: 

o Provide an open, spacious design. 
o Provide open stairways. 
o Reduce or eliminate columns on platforms. 

o Provide high ceilings. 

o Eliminate dog- leg passages and reverse stair landings. 
o Create uncluttered spaces and provide glass partitions. 
o Maximize surveillance by attendants or closed-circuit TV. 

o Provide good lighting and eliminate dark corners. 

These desirable features must be considered in terms of their 
cost, maintainability, and other factors. For instance, 

ceiling heights affect environmental (temperature and pres­

sure) control systems. In multi 1 evel, underground station 

construction, the minimum clear ceiling height for mezzanines 
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has been set as low as 9.0' (2.74 m), but the "optimum" 

height is usually described as 12.0' (3.66 m). In most 

cases there is a 2.0' (0.61 m) space allowance above the 

ceiling for ducts and conduits. The minimum ceiling height 

for platforms is often specified as 10.0' (3.05 m) with a 

2.5' (0.76 m) allowance for ductwork above the ceiling. Fig­

ures 3-6.1 and 3-6.4 show plan and section views of repre­

sentative subway stations. 

The need to provide for future upgrading or expansion of LRT 

or HRT station facilities and amenities is an important de­

sign consideration in terms of compatibility, disruption, 

space, and cost. 

Station design must also consider maintenance. Much of the 

cleaning and repair will be done under both pedestrian and 

train traffic and features should be included to facilitate 

this ~,ork. Easy cleaning of windows, floors, and other sur­

faces and access to lighting fixtures, utilities, and equip­

ment should be incorporated in the design. 

Additionally, the designer must consider the relative advan­

tages and disadvantages of locating stations at crests on the 

profile grade. In a cut and cover subway this configuration 

might not permit the use of a mezzanine and it could increase 

the cost of line structures. The cost of station construc­

t ion and providing for transporting passengers vertically 

might also be increased significantly for aerial stations. 

2. Pedestrian Circulation 

Good pedestrian circulation to, from, and across train plat­

forms is essential for the smooth, safe operation of stations 

of all types. Circulation patterns should be as simple, ob­

vious, and comfortable as possible. Some of the points that 

warrant careful review for appl i cability and consideration in 

achieving good pedestrian orient at i on and circulation are: 
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o Avoid unnecessary turns and dead ends. 

o Provide adequate space to avoid bottlenecks. 

o Avoid cross circulation at fare collection and decision 
points. Generally provide right-hand circulation. 

o Provide adequate assembly space on platforms. Preferably 

allow 8 sq. ft. (0. 7 sq. m) of space per person for peak 
crowds. 

o Provide 7.5' (2.3 m) of clear space where possible between 

the edge of platform and obstructions such as stairs, 
escalators, railings, or columns. 

o Provide adequate mezzanine and entrance lobby space so 

that queues at fare collection areas do not block 
traffic. 

o Provide separate facilities, where feasible, for entering 

and leaving the station. 

o Locate passageways and stairways, etc., to encourage bal­
anced train loading and unloading. Passengers tend to 

board at such connection points on the platform. 

o Pro vi de escalators for ambulatory patrons whenever the 

vertical change exceeds 12' (3.7 m) up or 24' (7.3 m) 

down. 

o Provide ramps and elevators as required for handicapped 
patrons. 

Although not all the preceding points are relevant or achiev­

able for every station, the principles embodied in them can 
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be applied to all types of stations. Figure 3-6.4 illus­

trates a mezzanine circulation pattern for one HRT station 

configuration. 

3. Pedestrian Levels of Service 

Many of the pedestrian design principles and cr1teria cur­

rently in use are derived from Fruin's Pedestrian Planning 

and Design (see reference M-7). Fruin proposes that, insofar 

as possible during peak hours, people in a station should be 

able to select their own walking speed, pass slower pedes­

trians, avoid interference from cross traffic, and queue 

comfortably without crowding. He developed six levels of 

service - a concept he borrowed from the Highway Ca pa city 

Manual - as a basis for relating the design of pedestrian 

spaces to service standards for walkways, stairways, and 

queues. Fruin also relates behavioral characteristics and 

various personal comfort zone radii to theoretical and 

nominal capacities for pedestrian movers, such as elevators, 

escalators, and moving walks. 

The initial, rather arbitrary selection of design criteria 

for the various elements of any given station should be 

reassessed and revised repeatedly during the design process. 

Levels of service in different areas may be out of balance 

and selected design criteria may prove to be economically or 

physically not feasible. 

4. Handicapped Access 

The vehicles and vehicle access facilities on most operating 

rail transit systems have no consistent provisions for the 

physically handicapped. However, existing state and federal 

laws such as California Government Code Section 4450 and 

Section 16(a) of the Urban Mass Transit Act of 1964, as 

amended, and the Department of Transportation's final rule 

implementing Section 504 of the Rehabilitation Act of 1973, 
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together with related policy statements by Caltrans and other 
governmental agencies, in effect declare that elderly and 

handicapped persons have the same rights as other persons to 
public transportation facilities and services, and that 

transit vehicles and buildings are to be accessible to them. 

It is possible to design transit facilities to be more acces­

sible to the physically handicapped without impairing opera­

tions. In fact, research suggests that systems designed to 
meet the needs of the handicapped wi 11 be more useful, more 

convenient, and safer for all passengers. BART is an example 
of a system designed for full access. 

Sight, hearing, and ambulatory disabilities require that con­

sideration be given to such things as the use of audible and 

visual signals, and to the location of control switches and 

buttons as well as to the accessibility of all facilities and 

services provided for patrons. 

Providing wheelchair access to some or all vehicles at any or 

all stops imposes special design requirements on vehicles and 
stations. Station designers must pay particular attention to 

details such as entrance parking and approaches, automatic 
doors, unobstructed door and ramp widths, ramp grades and 

surfaces, turnstile bypass gates, and elevator dimensions. 

In LRT operations, because of station diversity, access to 
vehicles is inherently difficult. Cars designed for street 

loading are not accessible to wheelchairs without such things 
as ramps or the addition of lifts to the vehicle. 

In HRT operations, car-platform transfers of wheelchairs 

require close vertical and horizontal tolerances or pro­
visions for bridging. In the United States, the nominal 

horizontal clearance gap between the vehicle and the edge of 
platform ranges from about 2" to 4 11 (5 cm to 10 cm). In 

Subsection 5.3 of Appendix A-11, the CPUC specifies a minimum 
3 11 (7.6 cm) clearance between LRVs and high-level platforms. 
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The vertical disparity between car floors and high-level 

pl at forms is often l" (2. 5 cm) or more. See subsequent 

Subsection F as well as Section 3-2 (Subsection E) and 

Section 4-3 (Subsection C) for more on pl at form characteri s-

tics and vehicle clearance requirements. 

Fundamentally, full access for the handicapped argues in 

favor of providing wheelchair sec urement space and equipment 

aboard vehicles, using high-level platforms, and providing 

elevators and ramps, where appropriate, from street level to 

the concourse area as well as from there to the pl at form. 

Elevators are the only level-change devices utilizable by 

nearly all passengers. They are expensive, but should be 

included in all new terminal facilities. Outside elevators 

might be considered for older buildings constructed without 

shafts. Fold-out, stair-side lift platforms or inclined 

elevators that operate in an escalator channel might al so be 

considered. 

Standard model wheelchairs of all manufacturers fall within 

the following limits: 

o Length: 42" (107 cm) 

o Width: 27 11 (69 cm) average 

o Height of seat from floor: 19.5 11 (50 cm) 

o Height of armrest from floor: 29" (74 cm) 

o Folded width of collapsible model: 11 11 (28 cm) 

The fixed turning radius of a standard wheelchair is 18" 

(46 cm) from the pivot point of a 21 11 (53 cm) diameter rear 

wheel to the track of the 7 11 (18 cm) caster wheel on the same 

side. From the rear wheel pivot point to the opposite side 

front footrest, the fixed turning radius is 36" (91 cm). The 

average turning space required is 63 11 x 63 11 (160 cm x 

160 cm), but a space 63 11 x 56 11 (160 cm x 142 cm) is actually 

more workable and desirable. In an area with two open ends, 
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such as a corridor, a minimum \~idth of 54 11 (137 cm) between 

walls will permit a 360-degree turn. A minimum width of 60 11 

(152 cm) is required for two individuals in wheelchairs to 

pass each other. 

The average reach of individuals functioning in a wheelchair 

has been found to be: 

o Unilateral vertical reach: 60 11 (152 cm) 

o Horizontal working (table) reach: 31 11 (79 cm) 

o Bilateral horizontal reach, arms extended to each side: 

65 11 (165 cm) 

o Diagonal reach to a wall-mounted telephone or towel 

dispenser (distance above floor): 48 11 (122 cm) 

Most individuals ambulating on braces or crutches, or both, 

or on canes, are able to function within the limits described 

for wheelchairs. 

In subsequent discussions of station design elements, wheel­

chair operational characteristics will be mentioned where 

relevant. 

E. Pedestrian Design and Flow Criteria 

This subsection discusses the physical and operational character­

istics of various passive and powered pedestrian facilities. 

Design capacities of pedestrian facilities are often stated in 

terms of pedestrians per minute. One concept ex presses capacity 

for unpowered facilities in terms of pedestrian lanes. A mirninum 

effective width of 54 11 (137 cm) between handrails is considered 

to provide two passenger lanes. It may be noted that a 54 11 

(137 cm) two-lane pedestrian corridor is the minimum width needed 
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for a \'Aleel chair to turn around in an enclosed passageway, but 

that a more comfortable 60" (152 cm) is required for \'Aleelchairs 

to pass each other. The standard height for handrail ings to be 

used in conjunction with wheelchairs is 32" (81 cm), just above 

the 29" (74 cm) height of the armrest of a standard \-meel chair. 

Following are some design criteria for various facilities: 

1. Stairs 

o Treads and Risers - Recommended tread depth is ll 11-12 11 

(28 cm - 30 cm). Sum of tread depth and riser height 

should be 17" - 18 11 (43 cm - 46 cm). The product of tread 

and riser dimensions should be in the 70 - 75 (178 - 191) 

range. Treads must be 11 nonskid 11 with rounded nosings. 

Where elevation change is less than 13" . {33 cm), a ramp 

should be used. 

o Width - Minimum effective width is often set at 48 11 

(122 cm). Service stairs may be slightly less and public 

stairs are preferably wider. Maximum width without an 

intermediate handrail is 88 11 (224 cm). A 72" (183 cm) 

minimum width should be used where a future escalator 

installation is planned. 

o Landings - Maximum height between landings should be 12' 

( 3. 7 m) except for a continuous run between pl at form and 

concourse levels. Minimum landing depth should be at 

least equal to effective stair width. Stair landings and 

stair slopes may be adjusted to conform when pl aced along­

side an escalator. 

o Handrails - Continuous each side, 32 11 (81 cm) high mea­

sured vertically from the nose and extending a minimum of 

18 11 (46 cm) beyond the rise at each end. Handrails may 

extend 3.5 11 (9 cm) into required stair width. 
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o Headroom - Minimum, measured perpendicular to tread at 

nosing, is 7.5 1 (2.3 m). Continuous soffits, without 

obstructions, should be held at 10.0' (3.0 m). 

o Capacity - 25 pedestrians per lane per minute going up and 

35 going down. 

2. Ramps 

I -! J 5 ~J kJrQ-) 
o Grade - Preferred maximum 1s 6%; absolute maximum is 8.33% 

( 1 : 12 s l ope ) • 

o Width - Minimum width between handrails is 54" (137 cm). 

o Landings - Ramps used by the handicapped should have level 

platforms for rest and safety at 30' (9 m) intervals and 

wherever turns are unavoidable. A 5 1 x 5 1 (1.5 m x 1.5 m) 

pl at form is desirable at the top of a ramp and 6 1 (1.8 m) 

of straight clearance at the bottom. 

o Handrails - Both sides, 32" (81 cm) above nonskid surface 

of ramp. 

o Capacity - Considered to be 100 pedestrians per minute for 

the minimum width (double lane) ramp on a 6% grade. 

3. Passageways 

o Width - Minimum between handrails is 54" (137 cm). 

o Enclosure - Side enclosures should be noncombustible and 

permit full view of interior. 

o Capacity - 110 pedestrians per minute for minimum (two-

1 ane) width of horizontal passageway. 
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4. Moving Walkways 

o Capacity - Considered to be 60 passengers per minute maxi­

mum for a 25" (63 cm) walk with a speed of 125 1 (38 m) per 

minute. 

5. Escalators 

o Considerations - Escalators are often specified when stair 

rise exceeds 12' (3.7 m). Rise between platform and con­

course may be standardized throughout system. Stairways 

or ramps should supplement escalators and provide al terna­

tives. System design criteria sometimes state that esca-

1 a tor capacity al one should accommodate two-thirds of the 

peak period traffic load and that the combined stairway­

ramp-escal ator capacity should handle peak traffic with 

one escalator out of service. Some escalators should be 

reversible for peak direction and emergency uses. 

o Rise and Run - Escalators are installed at a standard 

slope of 30 degrees from the horizontal. Therefore, the 

run= 1.732 x rise between working points rtlere the slope 

intersects each floor level. 

o Landings - Escalator handrails extend a maximum of 6.3 1 

(1.9 m) beyond the working point at the lower landing and 

8.0 1 (2.4 m) beyond the upper landing area. An additional 

15' (4.6 m) of unobstructed space beyond the handrail is 

specified for run-off or queueing at both ends. 

o Width - Escalators are designated by their nominal clear 

width at handrail level. An escalator with a 32 11 (81 cm) 
nominal width has a tread width of 24" (61 cm) and an 

overall width of 54.5 11 (138 cm). A 48 11 (122 cm) escalator 

has a 40 11 (102 cm) wide tread and is 70.5 11 (179 cm) 

overall. 
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o Speed - Operating speeds of 90' (27 .4 m) per minute to 
100' (36.6 m) per minute are standard. Escalator direc­
tion and speed can be changed selectively by control 
switches. 

o Capacity - 100 persons per nrinute on a 48" (122 cm) width 

escalator is a value in common use. 

6. E 1 evators 

o Considerations - Each multilevel station should be pro­
vided with an e 1 evator from the street to the concourse 

and from the concourse to each pl at form. Elevator cab 
equipment and operational controls should be suitably 

designed for use by the handicapped. Elevator machine 
rooms should be located as near as possible to hoistways, 

but clear of public platform and mezzanine areas. 

o Speed - Hydraulic elevators have a maximum average operat­
ing speed of 75' (22. 9 m) per minute. 

o Cab Dimensions - Elevators should be sized to at least 
allow a 27" x 42" (69 cm x107 cm) wheelchair to execute a 
180-degree turn within the cab and to permit passage of a 
standard 30" x 72" (76 cm x 183 cm) hospital rolling 
stretcher. 

F. Platforms 

The platform area where passengers board and depart halted vehi­

cles is a key station element whether it is a designated area at 
a LRT street stop or a platform within a HRT station replete with 
conveniences and amenities. Platform size is a function of train 
length, passenger volume, and required clearances from vertical 

circulation facilities, obstructions, and hazards. As previously 
noted, 8 sq. ft. (0.7 sq m) of platform area per person is a 
desirable minimum for peak period HRT operations. 
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l. Length 

Platform length between end railings depends on the length of 

operating units (single cars or multicar trains) and on the 

number of units utilizing the platform simultaneously. 

For LRT systems, platform lengths range typically from 100' -

300 1 (30 m - 90 m) and for HRT systems, from 300 1 - 700 1 

(90 m - 215 m). Pl at form lengths for operating and proposed 

LRT and HRT systems are shown in Appendixes A-9 and A-10. 

2. Width 

The minimum clear width for center or side HRT platforms is 

often set at 12' (3. 7 m) and the upper 1 imit ranges to about 

36' (11.0 m) to allow a minimum clear width of 7,5' (2.3 m) 

for circulation around escalators and stairways. Figure 

3-6.1 illustrates a 21' (6.4 m) center platform in a subway 

station. 

LRT platforms are usually in the 6 1 - 14' (1.8 m - 4.3 m) 

range. The lower limit approaches the practicable minimum 

width for a raised platform. 

3. Height Above Rail 

HRT platform height above top of rail is typically set at car 

floor height or 1 11 (2.5 cm) or so below. Most platforms are 

39 11 - 42 11 (99 cm - 107 cm) high. 

For better roadbed clearance, the first step on LRVs is some­

what higher than the remaining step intervals. Most LRT sys­

tems use at least a 6 11 (15 cm) ~ high pl at form to make the 

first step less difficult. Some systems employ low-level 

platform heights of 14 11 (36 cm) ±_ or 22" (56 cm) ±_, and 

others have full-height platforms in the 34" - 39" (86 cm -

99 cm) range for easier and faster loading. Recent LRV 
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designs can accommodate both high- and low-level platforms. 

See "Access to LRVs" in Section 3-2, Subsection E. 

High-level platforms improve vehicle accessibility for the 

handicapped. Low-level platforms could be difficult to 

justify in the design of new LRT systems unless suitable 

lifts or other devices are provided on the vehicle or 

pl at form. 

G. Entrances and Exits 

Each station site and environment is unique. Pedestrian and 

vehicular access situations vary and requirements for under­

ground, surface, and aerial stations differ so that station 

designs and their entrance-exit relationships warrant careful 

consideration. 

Each station should be an efficient link between the rail trans it 

system and other surface transportation systems. This may in­

volve bus platforms, park-and-ride and kiss-and-ride facilities, 

and -special provisions for the drop-off and pickup of handicapped 

persons. Parking spaces not less than 12' x 22' (3.7 m x 6.7 m) 

should be provided for the handicapped near station entrances. 

At least one entrance and exit at each station should be usable 

by individuals in \-.'heelchairs. This includes access to elevators 

at multilevel stations. In some cases, it may be desirable to 

separate station entrance and exit facilities. 

Platform and station exits should be sized to accommodate the 

volume of patrons being served. Exits should be located along 

the pl at form to provide uncongested passenger movement and ~rmit 

safe exiting from trains and platforms under emergency condi­

tions. It is desirable that each underground platform have at 

least two fully separated ex its although they may lead to a 

single concourse area. 
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It is recommended that the average volume of passengers per min­

ute boarding and leaving trains during the peak 15-minute period 

under normal operating conditions be used to size exits so that 

passengers from a train are able to exit from the platform before 

the next train arrives. If, for example, trains are operating on 

a 2-minute headway, ex its should permit clearing the pl at form 

within 2 minutes. 

The possibility of emergency evacuation from a train on the line 

must al so be examined. Again, the passenger load to be cons id­

e red is the average train load entering the station over the peak 

15-minute period under normal operating conditions. For BTier­

gency conditions, the exits should be sized to evacuate a loaded 

train and clear the platform within a 4-minute period. This 

criterion will frequently establish minimum exit capacity. 

H. Fare Control and Collection 

This subsection discusses some major aspects of in-station fare 

payment. Fare collection can be a primary determinant of station 

layout. 

1. Operations 

Fare control takes pl ace in a concourse area at a point of 

separation between 11 free 11 space in a transit station requir­

ing no payment of fare and "paid" areas associated with 

ticketed passage to and from transit vehicles. Patrons en­

tering the station enter the free area, but must pass into 

the paid area before boarding trains. Disembarking passen­

gers must al so move into a free area before leaving the sta­

tion. The areas are separated by a barrier and all entering 

and exiting patrons are channeled through a collection array 

which al so serves to meter pedestrian flow through the sta­

tion. Mezzanine space outside the public circulation areas 

is used to house mechanical and electrical systems and is 

restricted to system employees. 
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In some systems, in effect, fares are determined and "collec­

ted" at the destination exit or transfer point. Some enter­

ing patrons may hold previously purchased fare cards, others 

may need to purchase fares. The ticketing operation may be 

designed to take pl ace in full view of a station control 

center. 

Station entrance elevators and escalators, when required, 

operate in the free area of the mezzanine. Station mezza­

nines and platforms are connected by vertical transfer facil­

ities located in the paid area. 

Currently, consideration is being given to minimizing the 

free area as much as possible in order to eliminate loitering 

areas \'klere patrons might be harassed and to limit access to 

restrooms, concession stands, vending machines, telephones, 

and other amenities to paid patrons only. 

Fare control equipment includes such things as fare vending 

machines, deficit fare collectors, transfer validating ma­

chines, agent booths and agent-controlled turnstiles, 

ticket-operated gates, coin-operated turnstiles, and exit 

turnstiles or gates. Control area layout should provide 

simple, rapid ingress and egress. 

Emergency exitways must be provided through the control bar­

rier adjacent to the ticket gates. These 5 1 (1.5 m) emer­

gency gates may be supplemented by entrance gates designed 

for reverse fl ow. There should al so be a 4 1 - 5 1 (1.2 m -

1.5 m) wide service gate in the barrier for use by handi­

capped patrons and by maintenance personnel and emergency 

crews. 
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2. Criteria 

Some representative guidelines for automatic fare control 

are: 

o Fare Gates/Collecting Machines (reversible for peak flow) 

Function: 

area. 

To permit entering and exiting the free 

- Number: Provide one gate for every 100 patrons during 

peak 5 minutes. Minimum of three machines. 

- Equipment Space: Machines are 12 11 (30 cm) wide, 60 11 

(152 cm) long, and are mounted 36 11 (91 cm) on centers. 

Queue Space: All ow a minimum of 15 1 - 20 1 (4.6 m -

6.1 m) of space (on both sides of gates) clear of other 

queues, circulation patterns or physical obstructions. 

o Ticket Vendors and Money Changers (in free area) 

- Function: Ticket purchase for admission to paid area. 

Number: Provide a minimum of two vendors and one 

changer for each fare gate. 

- Equipment Space: 
(61 cm) · deep, 

centers. 

Each machine is 24 11 (61 cm) wide, 24 11 

and they are spaced 36 11 (91 cm) on 

- Queue Space: Allow 6 1 - 8 1 (1.8 m - 2.4 m) minimum 

queue clearance between machines and ci rcul at ion routes 

or other queues and all ow 12 1 (3. 7 m) between fare gates 

and nearest vendor. 
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o Added-Fare Ticket Vendors and Money Changers (for exiting 

paid area) 

- Function: To rectify deficient fare balance before exit 

to free area permitted. (Required v1ith variable fares 

only, not with fixed fares.) 

- Number: Provide one vendor and one changer for each 

four exiting fare gates. 

Equipment Space: Same as for ticket vendors in free 

area. 

- Queue Space: Same. 

o Transfer Validators and Dispensers 

Function: To verify or provide feeder service transfer 

tickets. (Ticketing procedure not required for train­

to-train transfers within rail system.) 

- Number: Provide one validator and one dispenser for 

every 100 transfer passengers during peak 5 minutes. 

Minimum of one per station. 

- Equipment Space: Machines are 24 11 (61 cm) wide and 30 11 

(76 cm) deep and spaced 30 11 (76 cm) on centers. 

- Queue Space: Allow minimum of 8 1 (2.4 m) of space. 

The following guidelines relate to alternative fare collec­

tion methods: 

o Ticket Agent Booth 

- Number: Provide at least one booth for each fare 

collection area. 
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- Production: One agent position can handle 800 passen-

gers per hour. 

- Equipment: Provide each agent position with one agent­

controlled turnstile. 

o Turnstiles and Transfer Issuing Machines 

- Number: Provide two coin-operated turnstiles (coin-

stiles) and two transfer-issuing machines for every 800 

cash passengers expected per peak hour. Provide a mini­

mum of two coi nst il es and two transfer machines in each 

fare collection area. Coinstiles are designed to allow 

ex it i ng movement. In addition, provide at least one 

"exit only" stile at each collection area and at any 

other area where departure from the paid area is 

required. 

- Capacity: Exit turnstile capacity is 40 persons per 

minute for 1 ow turn st i 1 es and 50 per minute for high 

turnst i 1 es. 

I. Environmental Control 

Environmental control systems needed for the comfort and well­

being of patrons and operating personnel vary with climatic 

conditions, system operations, and station design. 

Environmental conditions and control system requirements are 

generally most critical in underground stations. Environmental 

concerns include temperature, humidity, air velocity, pressure, 

noise, reverberation time, vibrations, odors, dust, haze, and 

smoke. The Subway Environmental Design Handbook, Volume I 

(Reference M-2), treats these matters in a comprehensive manner. 

The increasing use of air conditioning systems in homes and 

automobiles tends to increase the des ire for air conditioning in 
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transit vehicles. This, in turn, increases the heat generation 

in subways and the need for temperature regulation, air replen­

ishment, and overall environmental control in stations. However, 

there are many trade-off evaluations and compromises between en­

vironmental systems and the entire transit system. These include 

energy consumpti~n, heat generation, and the space requirements 

for mechanical-electrical systems. The unique configuration of 

station structures imposes constraints on mechanical and el ectri­

cal rooms. Also, when a station is air conditioned, it is usual­

ly desirable to minimize the ventilation effect of shafts. In 

the case of BART, the combination of circumstances, consider­

ations, and trade-offs was such that, al though vehicles are air 

conditioned, environmental control for stations and line sec­

tions, both below-ground and above, relies entirely on ventila­

tion and the 11 natural 11 air conditioning of the bay area. 

Subway piston action produces a blast effect in stations ~ich is 

minimized in the station approach by providing blast shafts (to 

the surface) and cutbacks in the wall separating single-track 

line structures, each with a cross-sectional area of 200 sq. ft. 

(19 sq. m) ±_. See 11Ventilation 11 in Section 3-5, Subsection E. 

The cross-sectional areas of center-pl at form stat ion vaults in 

this country vary from about 600 sq. ft. (56 sq. m) to 1,500 sq. 

ft. (140 sq. m). 

Much attention is focused on the platform area. A "spot cool ing 11 

concept has been devised to maintain a comfortable environment 

within an invisible envelope of air enclosing the platform. This 

limits the air conditioning load to the space within the envelope 

except when it is broken by trains entering or leaving the sta­

tion. New ventilation concepts often employ underplatform 

exhaust systems to exhaust heat from the propulsion and braking 

elements of the vehicles \'kiile they dwell in the station. 

Acoustically absorbent material is effective \'-Alen placed in the 

sound-baffling area beneath the pl at form overhang and on the 

opposite wall, sometimes below an equalizing baffle which 
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projects in a fashion similar to the edge of platform. Depending 

on the size and shape of a station, as much as 35% of its ceiling 

and wall surfaces may be treated with acoustic material. In 

addition to train and ventilation noise, other acoustic problems 

are associated with patron speech and movement, escalators, 

vending and collecting systems, mechanical equipment, commercial 

activities, public address system announcements, and external 

sources. 

Env ironmenta 1 control must extend beyond the pl at form and con­

course areas to corridors~ agent booths, concession stands, rest­

rooms, custodial and storage rooms, and electrical and mechanical 

rooms. 

Some typical criteria related to environmental control in sta­

tions are listed here. Additional noise and vibration criteria 

for vehicles and wayside are presented in Section 3-8, Subsec­

tions F and G. 

o Noise on Underground Platforms (Max. Levels) 

- Trains entering and leaving 80 dBA 

Trains passing through 85 dBA 

- Trains stationary, vehicle auxiliary equipment 

only 65 dBA 

- Station ventilation and other ancillary systems 

only 55 dBA 

o Noise on Above-Ground Platforms (Max. Levels) 

- Trains entering/leaving on ballasted track 75 dBA 

- Trains entering/leaving on concrete trackbed 80 dBA 



o Mechanical Ventilation 

Filtered air intakes, min. height above 

ground 

- Excess fresh air supply over exhaust 
capacity 

Air supply grilles, min. height above 
floor 

o Air Velocity (Maximum) 
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10 1 (3m) 

5% 

8 1 (2.4 m) 

Through agent booths 100 1 (30 m) per min. 

- Entrances and vert. circulation 
routes 300 1 (91 m) per min. 

- Platforms am other public areas 500 1 (152 m) per min. 

- Ductwork 2,000 1 (610 m) per min. 

- Sidewalk exhaust grating 400 1 (122 m) per min. 

- Roadway exhaust grating 1,000 1 (305 m) per min. 

o Smoke Purge Time (Usual Range) 

- Underground spaces 3-15 minutes 

J. Parking Facilities 

Integrated park-and-ride facilities must be part of station loca­
tion and design. Coordinated architectural-engineering planning 

for parking facilities requires consultation with parking, light­

ing, and landscaping experts and with la\'1 enforcement, fire pro­
tection, and building inspection officials. 
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All-day parking, hourly parking, and preferential parking for the 

handicapped, for carpools, bicycles, motorcycles, and for compact 

cars, should all be considered in the planning and design of 

parking facilities. Priorities for access to stations, in terms 

of distance to the platform, are usually set as follows: 

o Handicapped 

o Buses 

o Kiss-and-Ride; Taxis 

o Paid Parking Areas 

o Free Parking Areas 

Park-and-ride lanes should be laid out at right angles to the 

station wtierever possible and walking distances should not exceed 

1,000' (305 m). 

Preliminary estimates for parking lot space are usually based on 

an allowance of 400 sq. ft. (37 sq. m) per car including stalls, 

internal circulation roadways, pedestrian paths, and limited 

landscaping. Recent studies of express bus commuting from subur­

ban communities to downtown areas suggest that efficient commuter 

parking facilities should have a capacity of 300 to 1,000 cars. 

The 1,400-space El Monte Busway park-and-ride is an exception to 

this capacity range. In any event, a parking facility should not 

be so large that movement in and out causes problems, or that 

walking distances are excessive. 

Parking stalls should be 9 1 - 10 1 (2.7 m - 3.0 m) wide, in most 

cases, to allow car doors to open. Sometimes 8.5 1 (2.6 m) is 

used for all-day parking. Parking stall angles may be 90°, 

60°, 45°, or 30°. In accordance with the angle, 

required curb length varies from 9.0 1 to 18.0 1 (2.7 m to 5.5 m); 

stall depth varies from a 21.0 1 (6.4 m) maximum at 60° to a 

17.3 1 (5.3 m) minimum at 30°; and aisle width varies from 

2 4. 0 1 to 11. 0 1 (7. 3 m to 3. 4 m) • 
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Parking structures may in many ways be considered as multilevel 

lots and many surface lot criteria can be applied, but with 

reservations. The relationships between external street access 

and internal circulation patterns, and between vehicular and 

pedestrian movement, safety, and security, are more complex in 

structures. 

Whether above ground or below, parking structures need stairs 

and elevators. Fire protection and security problems are 

somewhat intensified. 

Transit parking facilities are usually self-parking since sal a­

ries and wages of attendants would otherwise constitute about 

two-thirds of the total operating cost of the garage. 

Parking demands may require lots or structures that are more 

spacious and larger than the facilities they are designed to 

serve. Parking structures can become significant or dominant 

elements in urban settings and must be treated with appropriate 

environmental concern. 

K. Station Costs 

Station construction costs vary in the extreme from simple LRT 

stops to complex HRT stations and regional transportation cen­

ters. The cost depends on the height and area of platforms, need 

for shelters and mezzanines, number and size of escalators and 

elevators, rest rooms, air conditioning, and ancillary area re­

quirements. Costs are affected noticeably if the station is 

elevated or on the surface or below ground. The total cost of 

stations is also a function of the number per mile or the total 

number per system. 

Simple LRT shelters cost on the order of $2,000 to $5,00G each. 

The following 1975 cost ranges reflect variations in the cost of 

stations with platforms. The parking figures are based on a cost 
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of $1,000 to $1,600 per space for parking lots with capacities of 

300 to 1,000 spaces. 

o Stations (Each - $ Millions) 

- At Grade 0.02 - 2 

- Elevated 0.6 - 5 

- Underground 4 - 14 

o Parking Lots (Each - $ Millions) 

- At Grade 0.3 - 1.6 
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Support Girder 
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o See Figure 3-6.1 for additional dimensions and notations. 

SOURCES 

BRRTS (Pp.VI. F2a,9b,17a 817b) 

RAIL TRANSIT CRITERIA 

HRT AERIAL STATION 
TYPICAL CROSS SECTION 

FIGURE 3-6.3 

,. 
Olltrw1s 

APR 78 



- CD "'O :;o 
"O :;o 
< -i - (/) 

0 

u, 
0 

w 
Q 

I\) 
(>I 
Q 

I\) 
OI 
(") 
~ 

0 
I\) 
Q -

V> 
0 
C 
::0 
0 
rn 
V> 

::0 

► 
("") ::::J: -
- -0:::0r 
~.-1 
C: J>(/)-t 

"Tl r Zc:.11 
G) l>_U>a>> 
C :j(l)~Z 
::0 0 f"T'll>U> 
rn zn-<-
CJJ ::::! -t 
I ""'OQ(/) 

: ~:g: 
f"T'1 - -
:::0 Q-4 
z zm 

::0 

► 

n, 

!01 I 

CIRCULATION 
<D Enter from Surface 
(%) Purchase Ticket (if required) 
@ Pass "In" Fare Gates 
© Descend to Platform 
® Ascend from Platform 
® Additional Fare (if required) 
®Pass"Out" Fare Gates 

@ Exit to Surface 

MEZZANINE 

® 
PAID 

AREA ~ I 101 
IIX~ELEVATOR - SURFACE TO MEZZANINE 

-ENTRANCE FROM SURFACE (STAIRWAY FLANKED BY ESCALATORS) 

PLATFORM 

C I E I L:::J IQ 

STATION CONTROL CENTER 

EQUIPMENT 
HOISTWAY 

( WIDE FIELD OF VIEW) 

ENTRANCE r---,, 
I I I 

STAIR (DOWN) ESCALATOR (UP) 

ELEVATOR-MEZZANINE 
TO I PLATFORM 

ANCILLARY 
SPACE 

jLANDING SHARED ON MEZZANINE~ 
l!::_ANDINGS SEPARATED ON PLATFORM AUXILIARY 

STAIR 
NOTE: See Figure 3-6.1 

for Cross Section View 

EQUIPMENT 
HOISTWAY 

c.,J 
I 

(j) 

c.,J 

N 



3-7 

3-7 .1 

STORAGE, MAINTENANCE, AND TEST FACILITIES 

This section discusses general requirements, considerations, and cri­

teria for vehicle yards and shops, for systemwide maintenance, and 

for test fac i1 it i es. 

A. Yards and Shops 

1. Siting Considerations 

Yards and shops for vehicles are large, critical facilities 

that must be treated as integral parts of new system designs 

and operations. Site availability, cost, and selection are 

important factors and may influence transit corridor loca­

tion. Visual, noise, and traffic impacts, and mitigation 

measures, as wel 1 as possible future expansion, are al so 

influential considerations. Yard configuration and size 

requirements limit potential sites for yards and influence 

selection. Sites for yard and shop facilities should be 

determined early in the planning process to minimize dead­

heading distances and to ensure that present and future needs 

can be met in a satisfactory manner. 

2. General Functions, Requirements, and Relationships 

Yard and shop facilities serve the following operational and 

maintenance functions: 

o Storage for revenue vehicles, maintenance eql:lipment, and 

stockpiled materials. 

o Routine inspection, maintenance, and service of vehic l es. 

o Overhaul and major repair of vehicles. 

o Support of mainline operations. 



3-7. 2 

o Miscellaneous maintenance and support services. 

Vehicle maintenance operations are generally separated into 

routine maintenance and major repair operations. 

Routine maintenance, often preventive in nature, involves the 

detection and resolution of minor problems before a malfunc­

tion requires a major overhaul or causes a breakdown in serv­

ice. This is done at rather frequent intervals and is gener­

ally accomplished during overnight storage. 

Major or heavy repair usually involves replacing or rebuild­

ing vehicle components. 

The nature of equ i pment and man power requ i rement s for these 

two types of maintenance makes it desirable to perform the 

work at separate shop facilities. Routine inspection, main­

tenance, and service of vehicles are performed at service and 

inspection shops. Heavy, specialized overhaul and repair 

work are done at a major repair shop. 

The yards supporting these shops are designed to accommodate 

the various shop functions. Yards should al so provide off-

1 ine storage for the maximum number of vehicles not in use at 

any one time. This could amount to 100% of the fleet if 

storage is not allowed along the mainline. 

Usually, each rail system requires at least one major repair 

shop. Routine inspection and maintenance can be performed at 

storage locations. Miscellaneous support services may be 

performed at both service and inspection shops and at major 

repair shops. 

All yard and shop facilities should be sited and designed to 

function efficiently and to provide easy access and minimum 

movement for personnel and equipment. With third-rail elec­

tricfication, each yard complex should be entirely fenced so 
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that access can be limited to controlled gates only. Flood 

lighting is usually provided for 24-hour operations. 

Interior paved roads should permit access around shop build­

ings, to ladder tracks at each end of the yard, and to trans­

fer facilities. If possible, these access roads should be 

provided without crossing the body of the storage yard at 

grade. 

In addition to providing anticipated car fleet storage ca­

pacity, yards should provide separately dedicated tracks to 

accommodate various types of nonrevenue equipment including 

crane cars and other specialized, rail-mounted equipment. 

Sufficient space should be al lotted between these tracks for 

the movement of rubber-tired vehicles and for material 

storage. 

Control centers or towers, supervisors offices, and communi­

cations systems should be provided to match yard operations 

and procedures. Yard and shop layout, equipment, and work 

environments must meet OSHA requirements. F ac i l it i es for 

yard and line operating personnel include locker, bathing, 

first-aid, toilet, and lounge facilities together with park­

ing lots, lunchrooms, and classrooms. Suitable office space, 

work areas, and receiving and shipping areas must also be 

provided. Loading and unloading areas should be designed to 

handle large trucks. 

3. Service and Inspection Shops 

These shops are directly i nvo 1 ved with the day-to-day opera­

ti on of the transit system. The shops should be designed to 

accommodate intact trains and return them to operational 

readiness in the shortest time possible. Where feasible, 

these shops should be located at or near a route terminal to 

minimize nonrevenue car mileage. 
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Typically, depending on system operations and requirements 

and on major shop capabilities, service and inspection shops 
should provide the following: 

o A track for washing car exteriors. Washing facilities are 

usually separated from other facilities by full-height 

walls and may be enclosed. 

o A track for interior cleaning. Facility should allow easy 

access for personnel and cleaning equipment and should 
provide water service, electrical outlets, and a vacuuming 

capability. 

o Two-tracks for service and inspection with pits running 

full train length to facilitate undercar inspection and 

maintenance. 

o A blow-off pit located outside the shop building. This is 

for cleaning the trucks and under car equipment with 

compressed-air nozzles prior to inspection and servicing. 

The arrangement of the shop should facilitate the following 
functions: 

o Inspection 

o Operational testing 
o Mi nor repairs 

o Component replacement 

o Lubrication 
o Car washing 
o Interior cleaning 

Service and inspection facilities can be designed for conver­

sion to major repair uses at a later stage in system 

development. 
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4. Major Repair Shops 

The tasks of centrally located major repair shops are ori­

ented toward overhaul and major repairs that require exten­

sive periods of time. Consequently these shops are designed 

to service individual vehicles or units rather than complete 

trains. A frequent guideline for new HRT systems is to pro­

vide accommodations for servicing at least 3% of the total 

system vehicle fleet. 

The major repair shops for some rail systems are designed to 

meet most of the equipment repair needs of the overall system 

except for such things as escalator equipment and traction 

motor repair which are performed by outside contract away 

from the shop area. Other systems may contract for repair of 

seats, complete truck assemblies, complete ATC units, fare 

collection machines, air-conditioning equipment, and other 

items. The shop should be equipped with an overhead crane 

system capable of handling car bodies and al 1 car components 

including truck assemblies. 

The following listing is representative of the functions that 

might be accommodated by a major shop with extensive 

facilities: 

o Complete vehicle overhaul including all body and propul­

sion repairs (and painting if required). 

o Exchange of trucks or bodies. 

o Exchange, minor repair, and testing of components and 

subassemblies. 

o Extensive modifications. 

o Wheel truing. 
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o Minor repair of miscellaneous equipment such as ATC com­

ponents, fare collection machines, and maintenance-of-way 

vehicles. 

o New car acceptance and preparation. 

o Spare parts storage. 

o Designated areas for various maintenance tasks such as 

welding, sheet metal work, electronic repairs, and motor 

repairs. 

o An outdoor inventory storage area for wheels and other 

1 arge parts. 

o Storage space for track maintenance supp 1 i es and for such 

things as flat cars or gondolas (for rails and ballast), 

crane cars, and subway cleaning and vacuuming equipment. 

A major repair shop may be designed to incorporate service 

and inspection facilities in order to accommodate stage con­

struction of a transit system. 

5. Yards 

Yard requirements for a system are a function of fleet size 

and vehicle utilization. Storage capacity must be sized and 

designed for two basic functions: to store cars for current 

operations and to store cars in support of service and repair 

shops. 

Yards designed as support facilities for shops should be 

designed to acconmodate the specific functional requirements 

of the particular shop. Even though transit systems are to 

be constructed on a staged-growth basis, storage tracks 

should be designed to handle the portion of the ultimate car 

fleet anticipated to be stored at a particular location. 
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The location and design of storage facilities seek to mini­

mize nonrevenue car mileage, to optimize introduction and 

removal of trains from revenue service, and to facilitate 

changes in train consist during different operating periods. 

These objectives can often best be met by providing evening 

and off-peak storage at route terminals. 

In summary, in order to provide necessary services for the 

system, yards should include appropriate lead tracks, storage 

tracks, transfer tracks, wash tracks, inspection pits, shop 

buildings, offices, control facilities, lighting facilities, 

parking areas, and employee facilities. Yards must have 

suitable access and adequate security. 

Design criteria and clearance requirements for yard turnouts 

and other trackwork are given in Sections 4-3 and 4-4. 

Criteria for horizontal alignment and vertical alignment in 

yards are covered in Sections 4-6 and 4-7, respectively. 

6. Operational Considerations and Layout Guidelines 

Yard and shop facilities should be laid out so that cars or 

trains can be put into and removed from revenue service with 

minimum effort, dead-head time, and confusion. Transfer 

tracks should be convenient to both mainline and yard access. 

Yard entry tracks must be arranged for convenient switching 

of incoming trains to storage tracks, to repair . tracks, or to 

a switching section for cutting out defective cars and making 

up trains. 

In support of mainline operations, the yard arranges for 

proper train consists to be dispatched to revenue service on 

the proper headway. The yard must al so be aware of \'kien and 

from which direction trains will enter the yard. 

Track arrangements must be such that routes and proper yard 

areas are clear. 
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Maximum flexibility is desirable within the constraints im­

posed by yard location, shape, and size. Yards should be 

double ended, with redundant trackage where feasible, to 

provide as many access routes to the mainline tracks as pos­

sible. Intra-yard movements should not occupy the mainline 

and at least one track leading directly to the mainline 

should always be available. Yard layout should minimize con­

gestion for movements within the yard and lead tracks should 

remain clear except during immediate movement. Lead tracks 

to key facilities should be long enough to provide temporary 

train storage without blocking adjacent tracks or crossings. 

Run-around tracks to bypass yard or shop facilities can im­

prove circulation where space permits. The number of reverse 

movements should be reduced to a minimum. A 11 Y11 or a loop 

should be provided where trains need to be turned end for 

end. 

B. Other Maintenance Facilities 

In addition to shops for vehicle maintenance, facilities must 

also be provided for maintenance of the trackway and appurte­

nances such as stations, parking lots, offices, and loading 

areas. These facilities may be dispersed throughout the system 

for operating efficiency, but should also provide for employee 

needs, comfort, and security. Requirements for maintenance 

facilities for the electrical system are contingent upon agree­

ments with utility companies. 

C. Test Tracks 

Some new systems may require a test track accessible from the 

mainline or yard tracks. The test track, located alongside or at 

the end of a mainline segment, should provide a level 2-mile 

(3.2-kilometer) tangent section plus typical and extreme examples 

of horizontal curvature and vertical alignment. The track should 

be suitable for testing vehicle performance, train controls, 

power collection, and special trackwork. 
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D. Emergency Storage and Turnback Tracks 

Emergency storage tracks should be provided at critical inter­
mediate points. These tracks are used for the temporary storage 
of disabled trains or cars so that they minimize delays to other 
operations. By locating the track between the through tracks (in 
the median) this track can, in addition to being used for both 
directions, also be used to turn back trains which for a number 
of reasons are ordered not to run to its normal terminal point 
and to proceed in the opposite direction. 

E. Yard and Shop Construction Costs 

Storage yards and maintenance shops and their related control and 
administrative facilities are major support facilities for rail 
transit systems. Principal construction cost items include site 
preparation, grading, drainage and utilities, buildings and 
shops, shop equipment, parts storage, staff facilities, track­
work, electrification, landscaping, and fencing. Approximate 
quantities can be estimated from the conceptual layouts for a 
specific facility. Based on 1975 prices for these items, the 
approximate construction cost of a typical vehicle storage or 
maintenance facility, for both LRT and HRT systems, is given by: 

Storage Yards 

0 60 vehicle capacity: $70,000 per vehicle. 

0 300 vehicle capacity: $55,000 per vehicle. 

Repair Shops and Support Yards 

0 60 vehicle capacity: $135,000 per vehicle. 

0 300 vehicle capacity: $100,000 per vehicle. 
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3-8 ENVIRONMENTAL CONCERNS 

A. Introduction 

Heightened env ironmenta 1 awareness and concern are reflected in 

legislation, in decisions regarding transportation and land use 

alternatives, and in measures taken to identify and mitigate 

impacts. The National Environmental Protection Act (NEPA) and 

the California Environmental Quality Act (CEQA) apply to rail­

transi t systems and projects in much the same manner as they 

apply to highway proposals. 

B. Scope 

This section focuses mainly on the noise and vibration impacts 

and related criteria that directly affect rail-transit planning, 

design, and operations. It mentions only briefly major environ­

mental considerations such as energy consumption and air pollu­

tion which affect basic transportation decisions to develop 

rail-transit alternatives to the automobile. This section does 

not deal with the full range of social, economic, and environ­

mental effects and implications of rail-transit proposals and 

alternatives. 

C. Energy Consumption and Air Pollution 

There are several issues related to energy consumption and smog 

relief which are important considerations in multimodal transpor­

tation policy and planning decisions. Although they are essen­

tially beyond the scope of this manual, some issues warrant 

mentioning for bac kground and perspect i ve purposes: 

o A number of analytical studies, various predictive and com­

parative methods, and differing assumpt i ans and points of 

vie\'/ have been put forth regarding energy and air pollution. 

They are informative, but they do not appear to be defini­

tive, conclus i ve, or widely accepted. 
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o Transit and other transportation proposals are not intended 

or designed to reduce energy ' consumption or air pollution in 

absolute terms. Different system-balance scenarios, alterna­

tive project proposals, and changes in modal splits are 

usually considered in relative terms. However, equitable 

comparisons of energy consumption are clouded by the assump­

tions that are made regarding the extent of total direct and 

indirect energy requirements and by the conversion of petro­

leum fuels and other exhaustible or renewable energy sources 

into BTUs (joules) or other common units. Comparisons of 

relative efficiency are further dependent upon the validity 

of such things as vehicle-, seat-, or passenger-miles 

(kilometers) as a common basis for expressing system effec­

tiveness or productivity. 

o It seems unlikely that measurable (and desirable) incremen­

tal improvements in rail vehicle and system efficiency will 

alter the energy and pollution picture on a regional scale. 

o Although marked increases in transit ridership are possible 

and discernible, it is not clear that they will result in 

significant modal shifts or will reduce air pollution or 

over a 11 transportation energy cons um pt ion in the absence of 

travel restraints or changes in land use, living, and travel 

patterns. 

o Given present and foreseeable technology, there are more 

direct, more cost-effective ways than rail transit to reduce 

the air pollution and energy consumption attributable to the 

automobile. All such measures are not necessarily desirable 

or fe as i bl e. 

D. Noise and Vibration Overview 

The acoustical performance of a rail transit system depends on 

the consideration given to noise and vibration problems during 

planning and design phases. 



3-8.3 

1. Control Goals 

The basic goals of a rail transit noise and vibration control 

efforts are: 

o To provide patrons with an acoustically comfortable envi­

ronment by maintaining noise and vibration levels in vehi­

cles and stations within acceptable limits. 

o To reduce any adverse effects on the community by minimiz­

ing transmission of noise and vibration to adjacent 

properties. 

Community acceptance requires control of airborne noise and 

vibration from surface and aerial operations and from yard 

operations. The design may al so need to control groundborne 

noise and vibration from subway operations. 

2. Sources 

Noise and vibration generators may be subdivided into four 

general categories: 

o Vehicles - Running noise, including ~lheels rolling and 

sliding on rails, flange restraint, and collector shoes. 

Undercar equipment noise radiating from trucks, wheels, 

drive gear, traction motors, compressors, blowers, and 

brake shoes and discs. 

Car interior noise from ventilating, air conditioning, and 

other auxiliary equipment. 

Rattling noise from doors, seats, couplings, louvres and 

windows. 



3-8.4 

Car noise emanating from subv,ay vent shafts may al so be a 

concern. 

o Trackwork - Noise sources include special trackwork, 

curves, restraining rails, joints of various types and 

quality, and rail irregularities and corrugations. 

o Line Structures - Airborne noise and vibration from bridge 

or aerial girders and decks. Groundborne radiation, par­

ticularly from subways. 

o Equipment - Noise and vibration radiated by ventilating 

fans, escalators, panels, ducts, transformers, emergency 

generators, and from maintenance facilities. 

3. Perspective 

Railway and highway noise are much alike with respect to 

methods for predicting and attenuating wayside noise that is 

generated by vehicles moving along a fixed path. There are 

also significant differences. Raih~ay noise is intermittent 

and its effects on the wayside community are related to the 

recurrence of similar events, while highway noise tends to be 

continuous, but of variable intensity. Transient noises, 

such as occur during a train passby, are acceptable at higher 

levels than are steady-state noises, such as those character­

ized by fans or electrical substations, particularly if the 

steady state noises contain pure tones. 

It is common practice in both rail transit and highway design 

to describe noise levels in dBA-weighted decibels. 

Sound levels should not exceed 70 dBA in the interests of 

passenger comfort and ease of conversation. This value, 

which is reasonable for normal operating conditions on bal­

lasted CWR track in the open, is considered a "bench mark" 
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value for establishing noise design goals for a rail transit 

system. 

Under these basic (bench mark) trackbed conditions, new vehi­

cles such as the SOAC and SLRV should achieve interior noise 

levels comparable to the midrange for automobiles. Although 

well designed and well maintained LRT and HRT systems can be 

superior to buses and some automobiles with respect to in­

terior and exterior (roadside) noise levels, noise can be 

bothersome on a poorly maintained rail system. 

4. Noise Variations and Mitigations 

Track and wheel conditions are major factors in determining 

noise levels for both LRT and HRT systems. Wheel squeal is 

the most serious exterior noise problem for steel wheeled 

vehicles on track curves with radii up to 700 1 (215 m). On 

tight radius curves, wheel screech increases noise by 15 to 

30 dBA. Tests with various resilient wheels indicate noise 

reductions of 15 to 30 dBA can be achieved. Reductions of 20 

to 25 dBA on a 140 1 (43 m) radius curve are typical. Various 

oil and water lubricating systems have proved effective on 

critical sections of curved track. 

Interior and exterior noise levels for vehicles and trains 

also depend on speed. Noise levels measured 50 1 (15 m) from 

the centerline of a tangent track typically increase by 5 to 

10 dBA as speed is increased from 20 to 50 mph (32 to 80 

km/hr). This increase can be critical in terms of community 

impact. Reduced speed is an effective mitigation technique 

in noise sensitive areas. Providing acoustic barriers 4 1 to 

6 1 (1.2 m to 1.8 m) high adjacent to aerial or at-grade 

trackage is al so effective in sensitive areas. This can 

reduce rail system noise by 8 to 12 dBA. Tracks constructed 

with CWR instead of jointed rail reduce the noise level about 

5 dBA. 
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Two types of noise abatement measures may be used to reduce 

the extreme noise levels of high speed operations in subways. 

An acoustical absorption treatment may be added to the subway 

structure or extra sound insulation may be added to the car 

bodies, or both. Subway sound absorption can provide a 5 dBA 

or more reduction inside the vehicles and will also improve 

the acoustical environment for system employees. Insulation 

of car walls and roofs adds to the weight and cost of vehi­

cles and is not required for interior noise control for sur­

face operations where floor insulation will suffice. The 

relative length of subway and above-ground tracks may influ­

ence the choice of insulation. 

5. Groundborne Noise and Vibration 

Groundborne vibration levels are below the threshold of per­

ception in most cases. However, the low frequency rumbling 

noise produced by steel wheels on steel rails may be radiated 

with sufficient loudness to be annoying in nearby buildings. 

Noise intrusion depends on train speed, type of line struc­

ture, special trackwork, geologic strata, and on building 

type and use. Where buildings are not more than 100 1 to 200 1 

(30 m to 60 m) from a subway structure there may be need to 

use a floating slab for trackbed construction. Low level 

noises generated by groundborne vibrations should be unob­

trusive, but need not be undetectable. 

Table 3-8.1 includes guidelines for acceptable limits for 

groundborne noise for various buildings and community envi­

ronments. Groundborne noise from passing trains should be 

held to maximum levels in the 25 to 50 dBA range for concert 

halls, auditoriums, churches, theaters, hospitals, court­

rooms, and libraries. 
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6. Shop Equipment Noise 

Equipment specifications and shop construction should be 

directed toward keeping employee noise exposure within OSHA 

standards and 1 imit i ng community noise impacts to acceptab 1 e 

1 evel s. Shop equipment noise should not exceed 85 dBA at 

operators' stations or 90 dBA at any point 3' (1 m) from the 

equipment. 

E. Guidelines for Noise Control and Measurement 

The most critical vehicle noise source can change with speed. At 

medium speeds, wheel-rail noise usually predominates, while at 

higher speeds, propulsion motor and gear noise predominate. At 

low speeds, service brakes may predominate. 

High speed trains using maximum acceleration and braking rates 

can enter and leave stations at about 50 mph (80 km/hr), depend­

ing on platform length, grades, station spacing, and other fac-

tors. See Section 3-9, Subsection G. Environmental control 

criteria for all ov,ab le noise levels on station pl at forms are sum­

marized in Section 3-6, Subsection I. 

Immediately following are acoustical design goals and several 

noise measurement procedures that are related to vehicle interior 

noise, to exterior noise levels near the vehicle, and to wayside 

noise at some distance from the vehicle. 

1~ Vehicle Interior Noise 

The following criteria represent realistic interior noise 

levels obtainable in modern, insulated LRVs and HRVs with 

resilient wheels operating over tangent CWR trackage. 

Desirable maximum noise levels are: 

o In open, on ballasted track, at maximum speed· 70 dBA 
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o In open, on concrete trackbed, at maximum speed 74 dBA 

o In subways, at maximum speed 80 dBA 

o Car stationary, all auxiliaries operating 68 dBA 

o Car stationary, one auxiliary operating 65 dBA 

o Door Operation 72 dBA 

The preceding noise limit guidelines apply to measurements 

taken along the centerline of an empty vehicle at a height of 

4.0 1 (1.2 m) above the car floor. 

2. Vehicle Exterior Noise 

Exterior noise levels are checked in an open environment free 

of reflective or shielding surfaces. Test measurements are 

made 15 1 (4.5 m) from the car centerline, but the noise 

limits for stationary cars should not be exceeded anywhere on 

a station platform. 

The exterior noise limits that follow are applied to all on­

board auxiliary equipment and to the 11 dumpi ng 11 of air brakes 

in stations. The full application of service brakes should 

not increase the noise levels on platforms substantially 

above the total noise from auxiliary equipment, propulsion 

equipment, and wheel-rail interaction. 

Propulsion motor and gear box noise are checked with the car 

free-wheeling on jacks at the rpm equivalent of specified 

speeds. These measurements are taken at the level of the 

truck axles. 



Some typical design goals for exterior noise are: 

o Car stationary, all auxiliary equipment 
operating 

o Full-service braking 
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65 dBA 

75 dBA 

o Propulsion system with ducted ventilation to motors 

- At 60 mph {96 km/hr) rpm equivalent 78 dBA 

- At 80 mph (128 km/hr) rpm equivalent 84 dBA 

o Propulsion system with self-ventilated motors 

- At 60 mph (96 km/hr) rpm equivalent 84 dBA 

- At 80 mph (128 km/hr) rpm equivalent 90 dBA 

3. Wayside Noise 

Wayside noise levels are measured at 50' (15 m) from track 

centerline in the open with no reflective surfaces within 

100' (30 m) of the test location. 

The noise limits for moving vehicles, in the typical design 

goals that follow, are based on 4-car train operations over 
tangent CWR track. Values for 2-car trains would be 2 dBA 

lo~1er and for 6- or 8-car trains, 1 dBA higher. 

o Ballast and ties at-grade in open 

- At 60 mph (96 km/hr) 82 dBA 

- At 80 mph (128 km/hr) 86 dBA 



o Concrete trackbed at-grade or aerial 

- At 60 mph (96 km/hr) 

- At 80 mph (128 km/hr) 

o Car Stationary, all auxiliaries operating 

- At any point along either side of car, 4.0' 

(1.2 m) above grade or at axle height, 

whichever gives higher reading 

F. Guidelines for Community Noise Levels and Effects 
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87 dBA 

90 dBA 

60 dBA 

This subsection provides a general guide to typical ambient noise 

levels for five categories of community development and presents 

noise limit guidelines for three types of buildings in each cate­

gory. Table 3-8.1 summarizes these values. The noise limit 

goals apply to all sources of wayside noise intrusion, whether 

caused by passing vehicles above or below ground or by ancillary 

facilities. 

Predicting the acceptability of transient noises from transit 

operations is especially difficult because the operations usual­

ly represent a new noise nuisance in the community. Neverthe-

1 ess, Table 3-8.1 suggests single event maximum noise levels for 

trains and shows both transient and continuous values for ancil­

lary systems. These guideline values should be reasonably ac­

ceptable where the indicated ambient noise levels prevail. 

The design goals shown in Table 3-8.1 for ancillary facilities 

should be applied at 50' (15 m) from the source or at the nearest 

building or occupied area, whichever is the shorter distance. 

The higher set of values for transient noise goals applies to 

short duration events such as train noise transmitted from a vent 

shaft opening. The lmver values for continuous noise goals apply 

to such things as fans and cooling towers. Transformer hum, 
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containing pure tones, should be 5 dBA less than the values given 

in the tab l e. 

G. Mitigation Costs 

The costs of specific noise and vibration mitigation measures are 

weighed in the selection and design of vehicles, trackwork, line 

structures, and stations and they are included in the costs of 

these features in much the same manner as aesthetic considera­

tions and operational criteria are reflected in such costs. 



COMMUNITY CATEGORIES TYPICAL {L 50) NOISE LEVEL DESIGN GOALS - MAXIMUM dBA 
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AMBIENT TRAIN OPERATIONS 

NOISE LEVELS AIRBORNE 

AREA DESCRIPTION 
{ dBA) DWELLINGS 

COMME~ 

DAY NIGHT Single Multi BLDGS 
Family Family 

LOW DENSITY URBAN RESIDENTIAL 

Quiet, opens pace, suburban. 40-50 35-45 70 75 80 
No nearby highways. 

AVE.RAGE URBAN RESIDENTIAL 

Quiet apartments 8 ho+els,openspace, 
suburban residential or occupied 45-55 40-50 75 75 80 
outdoor areas near busy streets. 

HIGH DENSITY URBAN RESIDENTIAL 

Semi-residential /commercial 50-60 45-55 75 80 85 
areas, porks, and non commercial 
public buildings. 

COMMERCIAL AREAS 
Office buildings, retail stores, etc. 55-70 OVER 55 80 80 85 
Primarily daytime occupancy. 

INDUSTRIAL AREAS OR HIGHWAY 
FREEWAY CORRIDORS 

Commercial or residential OVER 60 OVER 60 80 85 85 
areas adjacent. 

SOURCES : SCRTD (TablesIT-2,Il-3,Il-5 SIT-7) 
BRRTS ( Pp. 1Zl- N5 8 1ll- N6) 

- SINGLE EVENTS ANCILLARY 
GROUND BORNE FACILITIES 

DWELLINGS 
COMMER Transient :adiooous 

Single Multi BLDGS Noises Noises 
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30 35 40 50 40 
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35 40 45 60 50 
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3-9 SYSTEM OPERATING CHARACTERISTICS AND CONSIDERATIONS 

This section presents factors, data, and relationships that are major 

determinants of system performance. A number of the elements men­

tioned here in an operational context are presented in more detail in 

other sections that cover system comparisons, vehicles, rights of 

way, controls, stations, and track design. Appendix A-11' contains 

CPUC rules and regulations that cover many of these elements with 

respect to LRT system operations. 

This discussion first reviews some general relationships and then 

examines the effects of a number of interacting factors. Much rail 

system analysis is based on fundamental operational relationships 

which are val id in both theoretical and practical systems. The 

effects of real system constraints and conditions are applied to 

theoretical performance in order to approximate actual performance 

potential. 

The Divison of Mass Transportation (DMT) may be contacted for assist­

ance in assessing scheduling/vehicle requirements. 

A. Service Policies and Physical Limitations 

In a broad sense, system performance is determined by planning 

concepts and design criteria which are influenced heavily by 

routing and service philosophies, by policy decisions, by funding 

limitations, and by needs for future expansion to an 11 ultimate 11 

system. 

Actual system performance shou 1 d lie somewhere between the upper 

absolute limits set by physical capabilities and the lower limits 

established by service policies. If these limits do not meet or 

overlap, the physical limitations prevail. This is wtiy, as dis­

cussed in Section 2-5, criteria for planning and designing new 

systems must evolve from policy determinations regarding the 

type, extent, frequency, duration, and nature of service to be 

provided. 
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Severe physical and scheduling limitations are imposed when a 

rail system is extended in kind, is inserted in a freeway right 

of way, or shares trackage with an operating railroad freight 

line. These limitations may be acceptable, but their implica­

tions should be recognized and understood at the outset. 

Track sharing represents an extreme condition which may afford a 

number of advantages for LRT development in terms of costs, com­

munity impacts, lead time, and accessibility to railroad equip­

ment. However, it also imposes limitations with respect to track 

conditions, location, and clearance requirements, as well as 

intersection and scheduling problems. These limitations must be 

acceptable and be outweighed by the advantages of joint usage. 

Another extreme is represented by the BART system which selected 

a wide gauge track for ride stability and quality and to el imi­

nate some potential jurisdictional and operational conflicts. 

BART also acquired specially designed vehicles and control 

equipment as the best way to ful fi 11 service and performance 

goals. Where BART shares a freeway right of way, the line was 

designed concurrently with the freeway in order to avoid undue 

restrictions. 

B. Performance Objectives and Criteria 

System operational goals, performance objectives, and achievement 

criteria depend in large measure on perceptions of system bound­

aries, purpose, and external relationships. Regional transporta­

tion needs differ and various elements of a multi modal, region­

wi de system perform different functions. Al though each element 

performs its function well, it has inherent shortcomings in terms 

of total system requirements. Therefore, it is unlikely that a 

single criterion or set of criteria can be used satisfactorily to 

measure and compare performance of all elements in a val id, 

equitable manner, except for a limited specific function. Since 

high-capacity line haul, feeder, and distribution elements are 
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interdependent, one element should not be optimized without 

regard for total system scale and balanced usage. 

By the time an HRT or LRT system is operating or under develop­

ment, there must be a strong pres um pt ion that these consi dera­

t ions have been evaluated and reconciled adequately in some 

fashion. At this point, performance objectives and achievement 

criteria usually relate solely to the limited purpose of the 

specific system and its function in support of the total trans­

portation system. 

C. Routing and Service Concepts 

A rail system and feeder service may be thought of as a series of 

independent lines or as a much more complex, integrated network. 

1. Single Lines 

In some instances, such as radial HRT suburban commuter serv­

ice, a zone concept for scheduling appears to be appropriate. 

For high-volume, single-line operations, it should improve 

running time and schedule dependability and provide added 

benefits by simplifying fares, reducing equipment require­

ments, and utilizing train crews more effectively. 

2. Networks 

In the network concept, the user is offered a wide variety of 

destinations, either via a single line or by transfers. This 

may be done through a grid layout approach that might utilize 

a combination of HRT, LRT, and bus service to cover all 

routes. 

A theoretical 0.5-mile (0.8-km.) grid with frequent service 

could offer service between any two points with no more than 

one transfer and minimal waiting time. It would appear to be 

applicable in relatively high density areas. 
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A timed-transfer approach has been used successfully in 

several locations in Canada to reduce \'laiting times and 

improve regional mobility. In this scheme, radial routes are 

connected by crosstown routes in a cobweb pattern. The key 

to effective operation is to limit the number of nodes or 

focal points, and to control route lengths, so that all 

services arrive at a given node at the same time. 

D. Scheduling and Control 

For any given system, two basic aspects of transit operations are 

the movement and control of vehicles. Schedules are made up by 

reviewing fundamentals. The physical nature of the route and the 

operating characteristics of the vehicles or trains govern run­

ning time. The overall round trip time for any vehicle includes 

the running time for each direction, the dwell times at interme­

diate passenger stops, and any layover or turn-around time 

required at the ends of the route. 

The frequency of service during peak periods is usually based on 

the number of passengers to be handled past a maximum load point. 

During off-peak periods, headway is often a pol icy determination 

based on desirable frequencies and economics. A common rule for 

the effective use of on-board personnel is to have them all work 

at least one peak period. Service levels and capacities can be 

maintained by using the maximum number of cars per train during 

peaks and shorter trains or basic units during day and evening 

off-peak periods. 

Control systems are important in maintaining schedules and head­

ways safely and effectively. Various degrees of control for LRT 

and HRT systems are discussed in Section 3-4, Subsection C. 
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E. Capacity 

The passenger carrying capacity of a rail transit line (and 
alternatives) is often the operational parameter of most interest 

to planners. 

A common definition of capacity is the number of people that can 

be moved past a fixed point per unit of time per track. This may 

be expressed: 

C = 3600 p 
h 

Where: 

C = Capacity in passengers per hour 

p = Number of passengers per train 

h = Headway in seconds 

Table 2-3.1, summarizing Appendixes A-2 and A-3, contains pas­

senger capacity figures, fleet sizes, and other information about 

operating LRT and HRT systems. Table 3-9.1 surrmarizes related 
operational data from Appendixes A-9 and A-10 for such factors as 
schedule speed, headways, and dwell times. 

1. Factors and Relationships 

Line capacity is a complex function involving: 

o vehicle size 

o Number of passengers (seated and standing) per vehicle 

o Number of vehicles per train 

o Vehicle speed 

o Track curvature and grade limitations 

o Acceleration and deceleration rates 
o Braking distance 

o Frequency of station stops 
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o Dwell time at stations 
o Right-of-way restrictions 

o System reaction time 
o Practical allowance for operational tolerances 

Restated in simplistic terms, the passenger capacity of a 

rail line depends on train size and frequency. Operational 

factors and their relationships are discussed in the balance 

of this section. 

2. Critical Speed: Theoretical Minimum Headway/Maximum 
Capacity 

Maximum rail capacity occurs at a moderate, critical speed as 
does maximum highway capacity. For any given train length, 
the critical speed permits minimum headway and maximum capac­
ity. The longer the train, the higher its critical speed. 
As speed increases beyond the critical value, headway 

increases and capacity decreases. 

If 500' (150m) long HRT trains with typical performance char­
acteristics were running on a grade-separated right of way 

without station stops, the theoretical critical speed would 
be about 40 mph (64 km/hr) and the corresponding minimum 
headway would be about 23 seconds. If a 20-second station 
stop were introduced, the critical speed would drop to 25 mph 

(40 km/hr) and the headway would increase to 48 seconds. 

Achieving greatest possible capacity is not a practical 
operational goal. It is outweighed by a desire to provide 
comfortable, high-speed service with minimum fleet size, 
dependable scheduling, and an adequate margin of safety. 

3. Train Consist and Fleet Requirements 

For a given number of cars, the problem of optimizing maximum 

practical capacity may be approached by providing many short, 
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slow trains with short headways, or by providing fewer long, 

fast trains with longer headways. These alternatives may 

have different requirements for pl at form lengths, tract ion 

power, and control systems. LRT train consists are usually 

limited to short lengths in order to minimize intersection 

blockage and platform requirements. 

The following formula may be used to estimate the approximate 

number of vehicles needed for route operations during the 

peak hour, based on constant headway without lay-up: 

60ntl 
N = 

VH 

Where: 

N = Number of cars required for peak hour 

n = Number of cars per train 

t = Number of tracks operated at the same headway 

L = Length of line in route miles (kilometers) 

V = Average schedule speed in mph (km/hr.) 

H = Headway in minutes 

Allowing for 3 trains at terminals and 10% for lay-up, the 

approximate number of cars required becomes: 1.lN + 3n. 

Figure 3-2.3 shows typical ranges for the relationship be­

tween the size of vehicle fleets and the track mileage of 

operating LRT and HRT systems. 

4. Headways 

Headway is the interval of time between successive trains 

measured from the front end of the leading train to the front 

end of the following train as they pass a point. 

The number of trains operating on a particular line is lim­

ited by the number that can pass through the limiting 

station. Station time consists of braking, dwell, and 
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acceleration time. Acceleration and deceleration rates are 

not constant for all speeds and vary with the type of vehi­

cle. The distance between trains must provide not only for 

braking distance, but for the distance the following train 

would travel during the reaction time between the sighting of 

a signal and the full application of brakes or for the system 

response time between the transmission of a command and the 

actual beginning of deceleration. A safety factor of 35% is 

added to the stopping distance for the worst condition that 

could occur on the system in order to allow for variations in 

wheel-rail adhesion and equipment performance. 

Minimum achievable headways depend on such factors as vehicle 

speed, braking rates, degree of safety, system response time, 

train length, station dwell time, and random influences where 

right of way is not exclusive or controlled. Station stops 

are often the major physical factor in limiting minimum head­

ways on rail transit systems. 

Headways for LRT lines vary widely. Short headways in the 

range of 30-60 seconds can be achieved with low-speed, manual 

operations under visual rules. These short headways are 

usually employed for limited periods of 15 to 30 minutes and 

require effective dispatching to prevent irregular 

operation. 

Speed has a major impact on headways. With wayside signals, 

speed can be increased safely, but this requires a greater 

braking distance. A headway of 60 seconds might be achieved 

with moderate top speeds on the order of 30 to 40 mph (48 to 

64 km/hr), but minimum headways are usually limited to the 90 

to 120 second range with block signalling systems. 

Headways of 120 seconds are typical for HRT and high-speed 

LRT lines operating on reserved, protected rights of way. 

Wayside signals with automatic stop enforcement generally 
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allow headways of 120 seconds with speeds in the 45 to 60 mph 

(72 to 96 km/hr) range. 

On a few suburban LRT l i nes, speeds of 60 to 70 mph ( 96 to 

112 km/hr) have been attained where wayside signals permit­

ting 3- to 5-minute headways could satisfy passenger traffic 

requirements. 

The Muni SLRVs, operating with automated cab signals at 

speeds up to 55 mph (88 km/hr) in the Market Street Subway, 

are expected to run with headways as close as 60 seconds. 

Some LRT systems operate off-peak with headways of 10, 12, 

15, or 20 minutes or more. With headway requirements above 

15 minutes, limited sections of single track are sometimes 

used. 

A number of LRT systems maintain near-constant 2- to 4-minute 

standard headways and provide safe, delay-free service during 

the rush hour by increasing train length to 3 or 4 cars. 

F. Vehicle Operating Profile 

Figure 3-9.11 illustrates some of the basic relationships that 

govern vehicle running time between station stops. It also 

includes dwell time so that the full cycle from one station 

departure to the next station departure is shown. Figure 3-9.11 

serves to set the stage for presenting some basic speed-time­

di stance relationships and for subsequent discussion of the 

nature and relative magnitude of the effects of some performance 

variables on schedule speeds and headways. These interactions 

represent trade-off areas in vehicle/system performance. 

Figure 3-9.10 shows time and distance relationships resulting 

from typical acceleration and deceleration rates for representa­

tive LRT or HRT vehicles on a level tangent track. It illus­

trates the times and distances required to attain a series of top 
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speeds ranging from 40 to 80 mph (64 to 128 km/hr) and the cor­

responding times and distances required to brake to a stop. Over 

the whole range of speeds, braking requires one-half the time and 

about one-third the distance required for acceleration. 

Figure 3-9.6 compares schedule speeds attainable by two different 

vehicles operating over a range of station intervals. Each 

vehicle has a different combination of assumed average accelera­

tion/braking rates and top cruising speed. The curves indicate 

that when LRVs are operating with frequent starts and stops, the 

accel era ti on/decel era ti on rate may have more effect on schedule 

speed than does maximum speed. It also shows that when stations 

are over a mile apart, high cruise speed becomes more important 

in boosting schedule speed. However, the relative overall 

benefits and disadvantages and the operational implications of 

high-speed vehicles require careful consideration for any given 

system. The increase in station spacing required to take adv an­

t age of a significantly higher top speed may reduce the accessi­

bility and usefulness of the system to potential users. 

G. Acceleration and Braking 

Acceleration and deceleration rates are limited by wheel-rail 

adhesion. Other factors which affect desired characteristics are 

passenger comfort and safety, the traction motor, and power 

demand and consumption. 

Characteristics and ranges of typical service levels for acceler­

ation and deceleration are shown in Figure 3-2.1. 

The characteristics of the DC traction motor which make it well 

suited for transit operations are mentioned in Section 3-4, 

Subsection A. Articulated LRVs, having relatively fewer powered 

axles, are somewhat limited in the tractive effort they can 

deliver. 
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The braking capabilities of .a vehicle are usually based on stop­

ping with a crush load of passengers on a level tangent track. 

Section 9 of Appendix A-11 contains CPUC requirements for LRV 

braking capabilities. 

Modern rail transit vehicles have a three-level braking system 

consisting of electrodynamic, friction disc, and magnetic track 

brakes. 

The service braking system provides both dynamic and friction 

brakes which are continuously blended and jerk limited over the 

entire operating speed range. 

The dynamic brake system alone should be capable of providing 

full service. 

The friction brake system is the reserve as well as the final 

stopping system. It performs the following basic functions: 

o Supplements dynamic brake system to provide full service 

blended braking rates. 

o Provides emergency braking with assistance of track brakes. 

o Prov ides full service braking in the event of dynamic brake 

failure. 

o Acts as a parking brake. 

Emergency braking is not jerk 1 imited and can be interlocked to 

provide an irretrievable stop. 

The magnetic track brakes operate from a low voltage auxiliary 

power supply. They can be controlled to provide "roll-back" 

protection as needed when the vehicle is starting on steep 

grades. Magnetic track brakes are not considered fail-safe since 

they depend on electric power. Th.is must be a11 owed for if it 
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becomes a critical factor in establishing minimum headways. LRVs 

can operate comfortably in mixed traffic when using track brakes 

for emergency stops because they can stop more quickly than 

automobiles. 

Figure 3-9.1 shows a series of curves that indicate how vehicles 

with different speed capabilities achieve their top speed and the 

distance required to achieve it on a level tangent track. 

Figure 3-9.2 illustrates the distance required for rail vehicles 

to brake to a stop from any speed up to 75-mil e per hour (120 

km/hr) on a level tangent track. The band width shown includes 

the performance of most HRT and LRT vehicles. It indicates that 

the approach speed at the beginning of a 600' (183 m) station 

platform might be as high as 40 or 50 mph (64 or 80 km/hr). 

H. Performance Effects of Curves and Grades 

The horizontal and vertical alignment of the track can have 

rather pronounced effects on vehicle acceleration, deceleration, 

and speed. 

Figure 3-9. 3 i 11 ustrates the effect of pl us and minus grades on 

the acceleration of two representative vehicles with top speeds 

of about 50 mph (80 km/hr) and 80 mph (128 km/hr). For example, 

the faster vehicle would reach 55 mph (88 km/hr) in just under 

1,000' (305 m) on a 4% down-grade, but it would take about 4,500' 

(1,370 m) on a 4% up-grade. In the latter instance, no further 

acceleration \'JOuld take place since the vehicle performance 

capabilities and the grade are in balance. 

Figure 3-9.4 shows the effects of plus 5% and minus 5% grades on 

the braking distance required by a typical LRT or HRT vehicle. 

From any speed, the stopping di stance on a minus 5% grade is 

slightly more than twice the distance required on a pl us 5% 

grade. This is one reason why design standards for modern high­

speed HRT systems often 1 imit maximum grades to 3%. It should be 
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noted that the distance traveled during response time is not a 

function of grade, but of speed only. The response di stance 

would be the same as on a level track. The grade effect applies 

to actual braking distance only. 

Taken together, Figures 3-9.3 and 3-9.4 indicate graphically 'itly 

the concept of rolling the grade line up at station stops is an 

attractive notion for aiding vehicle performance and conserving 

energy. 

Figure 3-9.7 illustrates the speed-limiting effect of horizontal 

curvature and superelevation. For example, operating speed would 

be limited to 30 mph (48 km/hr) on a 3,000' (915 m) radius curve 

with 2 11 (5.1 cm) superelevation. See Section 4-6, Subsection D, 

for superelevation standards. 

I. Effects of Station Spacing and Dwell Time 

The frequency and duration of station stops are major factors in 

system operations as noted in the preceding discussions of head­

ways and vehicle operating profiles. 

Figure 3-9.5 illustrates how station spacing, dwell time, and 

schedule speed are related to one another. Their sensitivity is 

indicated in terms of typically performing vehicles with top 

cruise speeds of 50 mph (80 km/hr) and 80 mph (128 km/hr). 

The difference in vehicle top speed capability makes little dif­

ference for station intervals less than 0.4 mi (0.6 km). At that 

interval, a reduction in dwell time from 30 seconds to 10 seconds 

could increase schedule speed for either vehicle from about 

18 mph (29 km/hr) to 25 mph (40 km/hr). Viewed another way, in 

order to maintain a 30 mph (48 km/hr) schedule speed with a 

20-second dwell time, the station interval would need to be 

0.6 mi (LO km) for the faster vehicle and 0.8 mile (1.3 km) for 

the slov,er one. To keep a 40 mph (64 km/hr) schedule speed, the 
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required station spacings differ markedly from 1.0 mile (1.6 km) 

for the high speed vehicle to 2.1 mile (3.4 km) for the slower 

one. 

Platform heights, vehicle door widths, and fare collection tech­

niques can al 1 affect dwel 1 time. These factors warrant careful 

consideration where short dwell times are critical to achieving 

system operating and service objectives. 

J. Right-of-Way Effects on LRT Operations 

Various types of non-exclusive rights of way are distinguishing 

features of LRT systems. There is a potential for great savings 

in capital costs, but problems may be introduced with respect to 

to pedestrian safety, automobile cross traffic and signal pre­

emption, and schedule speeds. Basic decisions regarding the type 

and extent of right-of-way categories for LRT systems are among 

the most important in determining vehicle and system performance. 

It should be recognized, however, that in many situations, 

mixed-traffic rights of way are the most favorab 1 e environments 

for attracting riders and serving the public. Passenger stops on 

pedestrian malls are more visible and accessible than subway 

stations. 

Figure 3-9. 9 shows the effects of four representative right-of­

way conditions on the schedule speeds associated with various 

station intervals and typical system operational assumptions. 

The figure indicates that schedule speed will be limited to about 

10 mph (16 km/hr) regardless of the interval between stops when 

rail vehicle movement is governed by mixed traffic flow. The 

other extreme, shown as a basis for comparison, represents opera­

tional expectations for a completely grade-separated (Category A) 

right of way. The other right-of-way conditions shown represent 

two of the many possible conditions that might be assumed. Per­

haps most importantly, Figure 3-9.9 shows that regardless of 

right-of-way condition, for the usual LRT station intervals of 
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1 ess than 0 .4 mile (0.6 km), the schedule speed is apt to 1 i e 

· between 10 and 20 mph ( 16 and 32 km/hr). 
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TABLE 3-9.1 

LRT AND HRT SYSTEM OPERATIONS -

SPEED, HEADWAY AND STATION DWELL/PLATFORM DATA 
(Sources: Appendixes A -- 9 and A--10) 

LRT RANGE * HRT RANGE 

ITEM UNITS 

TYPICAL EXTREME TYPICAL EXTREME 

mph 10 12 9 16 15 21 15 37 

AVERAGE SCHEDULE SPEED 

(km / h) 16 19 14 26 24 34 24 60 

Peak minutes 3 12 ·1 15 2 3 5 l 5 8.5 HIGHEST Period 
CAPACITY 

LINE Off-Peak minutes 6 20 4 30 3 10 2 5 30 

HEADWAY 

LOWEST 
Peak minutes 6 12 2 30 2 5 2 15 
Period 

CAPACITY 

LINE Off-Peak minutes 12 30 6 60 3 S 15 3 30 

DWELL TIME seconds 15 30 10 60 20±. 10 33 

feel 130 330 98 377 300 600 131 738 

PLATFORM LENGTH 
(meters) 40 100 30 115 90 180 40 225 

* GROUP 1 VALUES . APPENDIX A-9 
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3-10 SYSTEM COSTS 

This section presents a summary of the basic elements of LRT and HRT 

system costs that may be used as a guideline for preparation, analy­

sis, and comparison of preliminary cost estimates. 

Table 3-10.1 shows typical cost ranges that give a good indication of 

the relative importance of basic elements of cost. Larger cost 

ranges are shown for elements that tend to vary most with system 

concept or site or both. 1975 is the base year for tabulated cost 

figures. It should be noted that the average California Construction 

Cost Index was relatively stable during 1974, 1975 and 1976, but that 

transit vehicle and operating costs have been rising steadily since 

the mid-1960s. Some cost elements are more volatile than others and 

the cost guidelines herein should be used with caution and judgment. 

The January, 1976, Rail Transit System Cost Study (Reference R-7) is 

a comprehensive analysis of the costs of constructing, operating, and 

maintaining rail transit systems and is a helpful estimating guide. 

The Division of Mass Transportation (DMT) may be contacted regarding 

current, more detailed cost information. 

A. Capital Costs 

This subsection reviews the elements of capital expenditures 

shown in Table 3-10.1, defines them briefly, and refers to 

previous sections for cost figures developed earlier in this 

chapter. The top of the tabulation summarizes the elements of 

right-of-way costs and construction costs that can reasonably be 

expressed on a route-mile (kilometer) basis. These elements are 

subtotaled at mid-table. The next group of capital cost elements 

shows cost ranges for facilities and equipment on an individual 

basis. The land acquisition costs for these facilities are sho\'m 

separately on a unit-area basis and are not otherwise included in 

the costs for such facilities or for mainline rights of v,ay. 

Facility and vehicle costs, however, do include built-in environ­

mental control and mitigation features. 
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1. Right of Way 

As noted in Section 3-3, Subsection E, right-of-way costs are 

extremely site specific and variable. The cost range shown 

indicates relative order of magnitude and how influential 

right of way considerations might be in LRT and HRT system 

location, design, and operation. 

2. Route Construction 

Route construction includes line structures and covers the 

work necessary to prepare the roadbed for install at ion of 

trackwork. The cost ranges shown for the route construction 

element embrace the costs associated \'lith the basic trachrny 

and structure alternatives tabulated immediately below it. 

The costs for each alternative include applicable costs for 

demolition, utility relocation, excavating and grading, 

drainage, traffic handling, and fencing. Any given rail line 

may, of course, involve several of these basic types of 

construction. 

The graded trackway item includes at-grade trackbed construc­

tion or trackways in open cuts or on embankments. The range 

of costs reflects such things as the amount of grading, the 

circumstances under which grading is to be done, and the 

varying requirements for retaining walls, bridges, and 

grade-separation structures. 

The cost ranges shown for aerial and subway structures are 

derived from Tables 3-5.1 and 3-5.3. The conditions that 

produce the cost variations are discussed in Section 3-5, 

Subsections E and G. Underground construction costs per unit 

of length are al so affected by discontinuity and the fre­

quency of costly portal structures. A typical portal transi­

tion structure, estimated to cost $1.2 mill ion, is shown in 

Figure 3-5.1. 
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3. Trackwork 

Trackwork is described in some detail in Section 4-4. It 

includes ballast or concrete pads, ties, rails, fastenings, 

and special trackv./Ork. It is inherently v1ell defined, pre­

dictable work that is relatively independent of the method of 

track support. It is subject to little variation within a 

system or from system to system. The cost to upgrade exist­

ing trackage to transit standards might be estimated at about 

one third of the tabulated costs. 

4. Electrification and Control 

The tabulated cost ranges embrace overhead and third-rail 

electrification systems and the control signals and communi­

cation systems described in Section 3-4. A more detailed 

breakdown of cost elements is shown in Table 3-4.1. The item 

for LRT grade crossing protection is shown explicity in Table 

3-10.1, but the item for on-board equipment is included in 

the range of vehicle costs. The potentially sizeable item 

for yard control is included in the cost range for storage 

yards shown in Table 3-10.1. 

5. Subtotal per Unit of Length 

Many combinations and tradeoffs are possible among the ele­

ments listed. This is reflected in the maximum cost figures 

shown for route-mile (kilometer) subtotals v!hich indicate 

that all of the maximum values for elements are not 

additive. 

6. Stations 

LRT and HRT station characteristics and features are dis­

cussed at some length in Section 3-6 and cost ranges for 

stations associated with various profile grade conditions are 

given in Subsection K. 
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7. Parking Lots 

Parking facilities are discussed in Section 3-6, Subsection 

J, and parking lot costs are given in Subsection K. The cost 

figures in Table 3-10.1 are for lots with up to 1,000 parking 

spaces and provide for internal circulation roadways, pedes-­

trian pathways, and limited landscaping. They do not include 

lighting or make allowances for improvements in external 

access or for parking structures. 

8. Storage Yards 

As described in Section 3-7, Subsection D, yard construction 

cost items include site preparation, grading, drainage, util­

ities, buildings and staff facilities, trackwork, electrifi­

cation, landscaping, and fencing. The upper limits of yard 

costs in Table 3-10.1 are based on a storage· capacity for 300 

rail cars and also include an allowance for the control sys­

tems costs shown in Table 3-4.1. The $23 mill ion cost for 

the HRT yard includes $10 mil 1 ion for a full ATC system. 

Less sophisticated contro l s \'/Ould range fro111 $1 million for 

push button control up to $4 mil 1 ion for a fully interl oded 

control system. Other major cost items in the upper range 

are a $5 mi llion allm,ance for trackage in LRT and llRl yards, 

$9 mill ion for LRT po\11er supply system, and $6 mill ion for 

HRT power distribution. 

9. Shops 

Repair shop and support yard costs are discussed in S-ection 

3-7, Subsection D. The costs are based on the same items as 

storage yard costs with the addition of shop buildings, shop 

equipment, and parts storage facilities. The cost ranges 

reflect fleet sizes that vary from 60 to 300 vehicles. Power 

distribution costs for shops are about one-half a·s much as 

for storage yards, and control costs are nominal. The major 
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items include a $5 to $16 million cost range for shop facili­

ties and $1 to $5 for shop and yard tracks. 

10. Land 

Land acquisition costs are site-specific and time-specific. 

The tabulated costs, ranging from $11,000 to $65,000 per acre 

($27,000 to $160,000 per hectare), represent the extremes of 

lower cost suburban land and expensive central city sites. 

These figures are intended to indicate relative orders of 

magnitude only. In this connection, small parking lots might 

require 1 to 3 acres {0.4 to 1.2 hectares) and large lots, 5 

to 10 or 15 acres {2 to 4 or 6 hectares). For preliminary 

estimating purposes, storage yards may be considered to range 

from 3 to 10 acres {1.2 to 4 hectares) and shop areas, frora 4 

to 12 acres (1.6 to 4.8 hectares). 

11. Vehicles 

The tabulated vehicle costs are derived from Figure 3-2.2 and 

the discussion in Section 3-2, Subsection F. There is only a 

marginal cost distinction between modern LRVs ·and HRVs. 

The selection of a vehicle with standardized modules and com­

ponents is worth careful consideration. Such a vehicle can 

be modified significantly within standard limits and subcom­

ponents are designed for easy access and replacement. These 

features can minimize vehicle developmental, production, and 

testing costs, improve reliability, and reduce down time. 

This can not only reduce the purchase price and maintenance 

costs for each vehicle, but may also reduce fleet size and 

facility requirements. 
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12. Grade Crossing Protection 

This element of cost is unique to LRT operations as described 

in Sections 3-3 and 3-4 and as shown in Table 3-4.1. It is 

included in Table 3-10.1 as part of the overview of cost 

elements and their relative magnitude. 

B. Miscellaneous Costs 

These factors are introduced here because they are significant in 

anticipating the total cost of planning, designing, and con­

structing ne\'1 systems and in implementing revenue service. They 

are somewhat less critical elements in upgrading or extending 

existing systems and service. 

An allowance for inflation is not included in these miscellaneous 

factors. However, the effects of inflation must be considered 

separately and in an appropriate manner. 

The generalized rates shown for "contingencies" and "management" 

are typical of the factors in use. The higher rates are applied 

to early order-of-magnitude cost estimates. The rates to be 

used,' their application sequence, and the capital cost base 

(right of way, construction, and equipment) to which they are 

applied, are matters of judgment and discretion at any partic­

ular point in project development. 

1. Contingencies 

This allowance is to provide for unknown and unanticipated 

conditions and for unpredictable items of cost. 

2. Management, Engineering, and Design 

This factor represents the anticipated cost of administration 

during project development and the costs to be incurred for 
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planning, engineering design, PS&E, control surveys, soil 

investigations, construction contract management and inspec­

tion, procurement, and related activities. 

3. Pre-Operation Expenses 

The considerable lead time and costs required for service 

start-up on new systems should not be underestimated. Early 

planning and explicit funding for this effort should help 

reduce and control both time and cost. 

This phase provides for the selection and training of operat­

ing and maintenance personnel and for the est ab l i shment of 

personnel policies. See Section 8, Appendix A-11. This 

phase includes such things as the development of operational 

and maintenance policies and manuals and the establishment of 

operating management and control systems. It also includes 

testing computer hardware, debugging software, and inspecting 

and testing vehicles. 

The suggested allowance for pre-operation expenses prov ides 

an amount on the order of 25% to 65% of the increase in 

annual operating and maintenance expenditures estimated to be 

required for each increment of the system as it is readied 

for revenue service. This guideline is intended to suggest 

the approximate significance of this cost element which 

appears to warrant thorough analysis and validation. 

C. Operating and Maintenance Costs 

Cost studies and estimates of LRT and HRT operations generally 

break labor and materials costs down into the five categories 

shown in Table 3-10.2. The costs included in these categories 

are as follows: 



0 

0 

3-10.8 

Maintenance of Way and Structures 

Covers costs involved in the maintenance of tracks, subways, 

aerial structures, bridges, power supply and signal systems, 
stations, and maintenance facilities themselves. 

Maintenance of Equipment 

Includes rolling stock and miscellaneous equipment. 

o Power 

Identifies the costs involved in the production or purchase 

(or both) of electrical traction and auxiliary power. 

o Transportation 

Identifies the costs involved in day-to-day system opera­

tions. The costs are nearly 100% labor related and include 

motormen, conductors, station attendants, dispatchers, 

switchmen, signalmen, and on-line supervisors. 

o Administrative and General 

The costs involved in administering the system, include 
executives, accounting, public relations, and other adminis­
trative and support functions. 

The general expense portion includes miscellaneous left-over 

items such as public liability insurance and operating taxes. 
General expenses usually amount to somewhere between 30% and 

60% of this category. 

Maintenance and operating cost categories and totals have comnon­
ly been expressed in terms of car-miles (kilometers) as shown in 

Tables 3-10.1 and 3-10.2. This is most appropriate for the cost 
categories related to track usage and car usage. It has been 
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suggested that the cost of conducting transportation might 

better be related to car-hours, but this information has not 

generally been available. Studies have al so suggested that ad­

ministrative costs should be related to the number of vehicles in 

peak-hour use and that miscellaneous general expenses should be 

related to the number of annual revenue passengers. 

Despite shortcomings, internal accounting systems have neverthe-

1 ess provided a reasonable basis for monitoring trends and fore­

casting changes in the operating costs of any given system. 

However, even with the apparent commonality of cost accounting 

categories, the accounting systems of the various properties have 

not yielded information such that operating costs and efficien­

cies could be compared in a satisfactory and equitable manner. 

There are mixed opinions as to the des i rab il ity, relevance, and 

ultimate validity of such comparisons. Some of the difficulties 

to be reconciled have to do with such things as regional differ­

ences in power costs and \'/age rates; differences in hours of 

operation, levels of service, and potential patronage; differ­

ences in the ages of facilities and rolling stock; differences in 

train crew requirements and the need for station attendants and 

maintenance crews; differences in vehicle preventive maintenance 

policies; and the varying difficulties associated with severe 

climates or maintaining extensive aerial or underground struc­

tures under traffic. 

In an attempt to resolve these issues, UMTA and APTA have been 

collaborating on Project FARE to develop Uniform Financial 

Accounting and B_eporting flements to be used by 440±_ federally 

aided transit properties for reporting operating and cost infor-

mation. The objectives of FARE are to improve management and 

control systems at the local level and to provide uniform finan­

cial and operating data at the national level. FARE reporting 

begins in 1978. Reporting on only 132 mandatory items will 

satisfy minimum requirements, but UMTA Hill accept voluntary 

reporting of all 708 FARE items. 
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TABLE 3-10. I 

SUMMARY OF COSTS FOR DOUBLE TRACK SYSTEMS 

0 COST RANGE - 1975 DOLLARS 
wz 
0.. w 

COST ELEMENT 
LRT HRT >- Q_ .-x $Millions $ Millions I Millions $ Millions w Per Per Per Per 

Mile Ki lo meter Mile Kilometer 

RIGHT OF WAY 0- 10 (0-6.3) 0- 10 ( 0 - 6.3) 

ROUTE CONSTRUCTION o. 7 - 30 (0.4-19) I. 2 - 75 (0.8-4 7) 

Graded Trockway 0.7 - 15 (0.4 - 9 ) 1.2-15 (0.8- 9 ) 

Aeri a I Structure 8 - 20 (5-13) 8 - 20 (5-13) 

Cut and Cover Box 12 - 30 (8-19) 12- 30 (8-19) 

Rock Tunnel - - - - - - I 0- 30 (6-19) 

Cl) 
Earth Tunnel, Dry - - - - - - 15 - 40 ( 9 - 25) .,_ 
Earth Tunnel, Wet - - -Cl) - - - 40- 70 (25 - 44) 

0 Tube - - - 50-75 (31 - 4 7) u - - -
...J TRACKWORK 0.8 - I.I (0.5-0.7) 0.8 -I.I ( o. 5-0. 7) 
<( 

ELECTRIFICATION a CONTROL 0.3-1.8 (0.2-1.1) 1.5-4.7 ( o. 9-2.9) .,_ 
-
Q_ 

SUBTOTAL-$ Millions /Mi(Km; 1.8- 30+ (I.I - 19 +) 3.5-75+ (2.2-47+) <( 
u 

$ Millions Each STATIONS 0.02 - 8 0.5 - 14 

PARKING LOTS $ Mi II ions Each 0.3 -1.6 0.3-1.6 

STORAGE YARDS $ Millions Each 4 -17 4 -2 3 

SHOPS $ Millions Each 8 - 29 8 -29 

LAND (Yards,Lots,etc.) $ Mill ions/Acre 0.01 - 0.65 0 .01 - 0.65 

VEHICLES $Mill ions Each 0.30 - 0.55 0.33-0.60 

GRADE X ING PR0TECT'N. $ Millions/Xing 0.03 - 0.06 - - -

u Contingencies % Cop. Cost 10- 25 10 - 25 
Cl) Project Mgt., Eng. 8 Des.%Cap. Cost 10- 20 10 - 20 -
~ 

Pre-Operation Expenses %Ann.Moint 25- 65 25- 65 
80per.Cost 

a:: ANNUAL MA I NT. $/Car-mi 1.85-2.40 1.15 - I. 70 
w 

8 0PER. COST ($I Car-km) (1.15 - I. 50) (0.72 - 1.06) Q_ 
0 (SeeToble 3-10.2} 

( SOURCES : References R-2, R-5, R-6, R-7, R-9, CP-2 a as noted on other cost summaries ) 
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MAINTENANCE AND OPERATING COSTS 

CATEGORY% LABOR 

3-10.11 

COST CATEGORY 
OF TOTAL ( DIRECT + INDIRECT 

COSTS ) 
LRT HRT % OF CATEGORY 

I. MAINT. OF WAY 8 STRUCTURES 10 18 70 - 80 

2. MAINT. OF EQUIPMENT 14 16 75 - 85 

3. POWER 8 II 0 - 20 

4. TRANSPORTATION 42 38 90 - 99 

5. ADMINISTRATIVE a GENERAL 26 17 35 - 55 

TOTAL PERCENT 100% 100% 65%-80% 

TOTAL MAI NT. 8 OPERATING COST 

* COST GUIDELINE BASIS 
COST RANGE 
1975 DOLLARS 

LRT HRT 

• PER CAR - Ml LE 1.85-2.40 1.15 -1.70 

($ PER CAR - KILOMETER) 1.15-1.50 0.72-1.06 

* Assumptions: 
0 LRVs average 21,000 mi/yr (34,000 km/yr) + 5 % 

0 HRVs overage 34,000mi/yr (55,000 km/yr) + 60% 
-30% 

(SOURCES: References R-7, P-9, P-15, M-20, CP-2} 
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3-11.1 

PROJECT DEVELOPMENT TEAMS, CONTRACTS, AND PLANS 

The purpose of this section is to illustrate in a general way the 

nature and sequence of project development efforts, stages, and pro­

ducts. This will be done by discussing patterns typical of recent or 

current HRT projects. 

A. Design Roles and Expertise 

A number of governmental and quasi-public authorities have been 

created to establish policy and to be responsible for the manage­

ment and administration of transit programs, and for the con­

struction of new rail systems. The transit authorities are 

empowered to acquire rights of way. Some also prepare design 

criteria and administer construction contracts, but more often 

they engage consultants to perform specialized and coordinating 

roles somewhat as follows: 

1. General Consultant 

The general consultant is responsible for preparation of 

design criteria, general plans, directive plans, and guide 

specifications for the system. A project engineer is 

assigned to each design contract to be responsible for sched­

uling and reviewing final -design work. He assists the final 

designer in coordinating with outside parties and public 

agencies affected by the work. The general consultant 

advises the transit authority on all engineering and archi­

tectural matters and ensures that the system is designed and 

constructed in accordance with approved criteria, pl ans and 

specifications. 

2. Architectural Consultant 

A consultant i s engaged to determine the architectural re­

quirements of the system and to prepare conceptual designs, 
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general plans, directive drawings and specifications, and to 

coordinate and review architectural work during final 

design. 

3. Soils Consultant 

This consultant performs soils and geologic investigations 

for the system, reco111Tiends design loadings and underpinning 

requirements affected by subsurface cond iti ens, and rev i eHs 

the soils assumptions made by the final designers. 

4. Noise and Vibration Consultant 

This consultant prepares design criteria for minimizing noise 

and vibration transmission, determines where controls are 

required, and makes recommendations to the final designers 

for implementing these criteria. 

5. Final Designer 

Engineering or architectural-engineering firms are retained 

by the transit authority to prepare contract plans, specifi­

cations, and cost estimates for specific elements or certain 

portions of the system. The final designer is responsible 

for coordinating his work with others, for maintaining sched­

ules, for making design assumptions, and for preparing final 

designs in accordance with established design criteria unless 

deviations are approved by the general consultant. 

6. Construction Inspector 

Engineerng or architectural-engineering firms may also be 

retained by the transit authority to inspect the work of 

construction contractors. 
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7. Contractor 

Construction contractors bid on and construct portions of the 

system. 

B. Construction Contracts 

The basic types of contracts prepared by final designers of a 

rail transit system usually fall into the four categories 

described below. 

1. Preparatory Contracts 

The fo 11 owing preparatory contracts may be carried out in 

order to prepare the site in advance of major construction: 

o Underpinning Contracts involving the shoring or support of 

affected structures along the route. 

o Utilities Contracts involving the relocation of major 

utilities impacted by the system. More routine utility 

relocation work is performed in the major construction 

contracts. 

o Demolition Contracts involving the removal of buildings 

and structures to clear the right of way. 

2. Major Contracts 

Maj or contracts primarily involve heavy construction work 

such as grading and tunneling, underground' and aerial line 

structures, vent shafts, and integral large scale station and 

parking facilities. The basic structures and trackbed con­

structed under this type of contract are to be ready for the 

application of finish materials or the installation of track­

work and equipment throughout a system or an operational 

portion thereof. 
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3. Finish Contracts 

Finish contracts are let subsequent to major contracts and 

include such things as wall finish, flooring, lighting, and 

electrical and mechanical items. For certain portions of the 

system, it may be necessary or desirable to combine major and 

finish work under one contract. 

4. System Contracts 

System contracts include the procurement and installation of 

trackwork, traction power equipment, traffic control and 
crnm1unications equipment, escalators, and other major fea­

tures which must be in pl ace throughout an entire system or 

an operating portion. 

C. Construction Drawings 

Contract drawings are typically 22 x 36 inches (56 x 91 cm) and 

should be suitable for half-scale reproduction. Details are 

combined or superimposed on base mapping as appropriate. 

Plan sheets vary from project to project, but the following 

headings outline the nature and general sequence of dra\-1ings 

that may be required. 

o General Information 

- Site/Key Plan 
- Index of Drawings 

- General Notes and Abbreviations 

- Traffic and Construction Staging 

- Payment Limits 

o Geological, Hydrological, and Soils 
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o Civil Engineering 

- Horizontal and Vertical Control 

- Survey Plots of Contours and Planimetry 
- Rights of Way 

- Plan and Profile 

- Cross Sections 

- Grading and Paving 

- Earthwork 

o Utilities 

o Structural 

o Architectural 

o Mechanical 

- Heating and Air Conditioning 
- Plumbing and Piping 

o El ectri cal 

- Lighting 

- Propulsion Power 
- Train Control 
- Communications 

o Fare Collection 

o Landscaping 
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CHAPTER 4 

TRACK DESIGN CRITERIA 

4-1 GENERAL 

This chapter sets forth principles and basic design criteria for 

vehicle loads and clearances, trackwork and trackways, and track 

alignment. The criteria are based on the practices of operating 

transit systems, and on the standards proposed for the development of 

new systems in accordance with current AREA practices. 

The criteria herein can be applied directly to HRT systems. They can 

also be applied with discretion, and in accordance \'1ith Appendix 

A-11, to LRT systems which embrace a wide range of operating condi­

tions and characteristics. When used in conjunction with an assumed 

HRT or LRT "design vehicle," the criteria are suitable for system 

planning and preliminary design studies. 

While design principles are constant, certain criteria, such as those 

related to superelevation, are affected by track gauge. The criteria 

herein are based on the standard gauge of 4 feet 8 1/2 inches 

(1,435 mm). 
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4-2 AXLE LOADS 

As noted in Section 3-5, Subsection F, all transit structures are 

designed for the dead loads (DL) and live loads (LL) to \'Alich they 

might be subjected, including construction loads. Section 3-5 covers 

dead loads and seismic forces to be considered in the design of 

aerial and subway line structures and other transit structures. This 

section discusses the transit vehicle or train live load elements 

that affect the design of trackways and line structures. Vehicles or 

trains are placed on one or more tracks to produce maximum stress 

conditions for structural design. Figures 4-2.1 and 4-2.2 show axle 

loads and spacings for the four typical"design vehicles" identified 

in Table 3-2.1. 

The following live load elements are typical of the design forces 

applied by transit properties and by the Caltrans Transit and Struc­

tural Design Sec ti on in conformance with AREA spec ifi cations. The 

indicated applications of loads and forces are combined according to 

current engineering practice with appropriate increases in allowable 

basic unit stresses. 

A. Distribution of Wheel Loads 

On open deck structures, wheel loads are distributed longitudi­

nally over three ties or 4 1 (1.2 m) of rail. 

On ballasted decks, wheel loads may be assumed as uniformly dis­

tributed longitudinally over 3' (0.9 m) of rail plus twice the 

depth of ballast under the tie plus twice the effective depth of 

slab, but the sum of the above may not exceed the axle spacing. 

The axle loads are distributed normal to the track for the length 

of the tie plus the depth of ballast under the tie, but the sum 

of the two may not exceed the width of the bottom surface of the 

ballast. 

On rail mountings placed directly on the slab, wheel loads may be 

assumed to be uniformly distributed over 3' (0.9 m) of rail 
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longitudinally and a transverse width of 14 11 (36 cm) centered on 

the rail. 

B. Impact Factor (I) 

Impact formulas and design practices vary. In the absence of a 

vehicle-guideway interaction analysis to determine the impact 

factor, a factor of 30% of the \'lheel load is applied vertically 

to each track up to a maximum of two tracks for a multiple track 

structure. 

C. Centrifugal Force (CF) 

Centrifugal force takes curve geometry and design speed into 

account. A percentage of the total vehicle load is applied 

horizontally 5.0' (152 cm) above the top of the low rail on all 

tracks. The percentage of the load to be applied is given by: 

Where: 

CF= Centrifugal force, 

V = Velocity, 

R = Radius of curve, 

D. Rolling Force (RF) 

2 
CF = 6.875r)!_ 

R 

% 

mph 

feet 

2 
CF= 0.8091~ 

R 

0/ 
JO 

kmph 

meters 

A force equal to 10% of the total vehicle load per track is 

applied downward on one rail and upward on the other, on all 

tracks. 
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E. Longitudinal Force (LF) 

A longitudinal braking or tractive force equal to 15% of the 

total vehicle load per track is applied horizontally 5.0 1 

(152 cm) above the rail on all tracks. Consideration is given to 

combinations of acceleration and deceleration forces where more 

than one track occurs. 

F. Wind Load on Live Load (WL) 

In addition to the wind load values specified by AASHT0 on the 

structure itself, a wind load (WL) on the live load is to be 

applied. A transverse horizontal wind load of 300 lb/lf (446 

kg/m) of train and a longitudinal horizontal wind load of 75 

lb/lf (112 kg/m) of train are applied simultaneously. The trans­

verse wind load is applied to the train as concentrated loads at 

the axle locations in a plane 7 1 (2.1 m) above the top of the low 

rail and normal to the track. The horizontal force component, 

transmitted to the rails and superstructure by an axle, is con­

centrated at the rail having direct wheel-flange contact. The 

longitudinal wind load is applied to the rails and superstructure 

as a uniformly distributed load over the length of the train in a 

horizontal plane at the top of low rail. 
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SOURCES 

15.0 1 

(4,572mm) 

11.251 11.251 

(3,429mm) 3,429mm 

(2,286mm) 

73.5 1 

(22,403mm) 

I 05,000 lbs. 
(47,627 kg) 

52.5 1 

(16,002mm) 

75.01 HRV@ 
(22,860mm) 

4-2 .4 

00 00 

11.251 11.251 

(3,429mm) (3,429mm 

DESIGN LOADS= Vehicle (Empty) ------- 72,0001bs.(32,659kg) 
Passengers ---------- 33,000lbs.( 14,968kg) 
Total Vehicle Load -----I05,0001bs.(47,627kg) 

AXLE LOADS (all axles)------------- 26,250 lbs.( 11,907kg) 

1-
48.51 

7 ( 14,783mm) 

73,000lbs. 
(33,112 kg) 

0 6.5 1 0 0 0 0 
(1,981mm) 

8.25 1 33.5' 8.251 8.251 

(2,514mm (2,5I4m~ (10,211mm) (2,514mm) (2,514m 

50.01 HRvCD 
(15,240mm) 

DESIGN LOADS= Vehicle (Empty) - ----- - 50,000 lbs.(22,680 kg) 
Passengers --------- 23,0001bs.(10,432 kg) 
Total Vehicle Load - - --- 73,000 lbs.(33, I 12 kg) 

AXLE LOADS (all axles) - ----------- 18,250 lbs.( 8,278kg) 

RAIL TRANSIT CRITERIA 
WMATA (Fig . Y· I ) • TTC (OS 4.3.3.8) 
BRRTS {Fig.:7.1) 
SC RTD ( Fig.Jr - I) 
NYCTA P.SD-3-2 
TABLE 3-2.1 

HRV AXLE LOADS 

FIGURE 4-2.1 

tilltloril 

JUN 77 



SOURCES, 

21.0' 
6,401mm) 

13.51 13.51 

(4,115mm) (4,115mm) (7,010mm) 

71.01 

(21,641mm) 

23.0' 

(7,010mm) 

73.01 LRV (g) 
(22,250mm) 

4-2. 5 

-1 

6.01 

(1,829mm) 

13.51 13.51 

(4,115mm) (4,115mm) 

DESIGN LOADS= Vehicle ( Empty)- - ----- 65,OOOlbs. ( 29,483kg) 
Passengers ---------- 32,OOOlbs.( 14,515kg) 
Total Vehicle Load------ 97,OOO1bs.(43,998kg) 

AXLE LOADS:Motorized Trucks@------- 18,35O1bs. ( 8,320kg) 
Center Truck(Artic.Joint)@--- I l,8OO1bs. ( 5,350kg) 

49.01 

(14,935mm) I 
68,000 lbs. (30,844kg) 

21.0' 

(6,401mm) 

13.5 1 13.51 24.01 13.51 13.5 1 

(4,115mm) (4,115mm) (7,315mm) ( 4, 115mm) (4,115mm) 

51.01 LRV Q) 
(15,545mm) 

DESIGN LOADS: Vehicle (Empty) ------ 42,000 lbs.( 19,051 kg) 
Passengers --------- 26,000 lbs.( 11,793kg) 
Total Vehicle Load - - - -- 68,000 lbs.(3O,844kg) 

AXLE LOADS(all axles)----------- 17,OOOlbs.( 7,711 kg) 

RAIL TRANSIT CRITERIA 

TTC (OS 4 3 3.B) • ASME ( P. 9) 

BRRTS (Fic;i.1l.1) 

SCRTD (Fic;i. JZ:·I) 
TABLE 3- 2. I 

L RV AX LE LOADS 

FIGURE 4- 2 .2 

f1llllatv 

JUN 77 
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4-3 VEHICLE CLEARANCES 

Appropriate clearance must be provided to assure: 

o Safe passage of vehicles and trains. 

o Access to all areas of bad-order cars. 

o Walkways for passenger evacuation. 

o Normal passenger exchange at station platforms. 

This section discusses the basic factors to be considered in assuring 

the necessary clearance between vehicles and transit structures. The 

approach is generalized to provide a basis for determining clear 

space requirements external to vehicles of various shapes and sizes. 

However, since line structures and high platforms are most character­

istic of HRT system operations, a typically modern HRV has been used 

in some instances for illustrative purposes. CPUC clearance require­

ments governing LRT systems are contained in Section 5 of Appendix 

A-11. 

A. Genera 1 

Clearance determinations begin with the cross sectional shape of 

a specific vehicle (as shown in Figure 4-3.1) and then make 

allowances for the vertical, lateral, and rotational car body 

movements that occur when the car is operating on a tangent sec­

tion of track. These body movements are due to spring action, 

bolster and truck suspension movements, allowable \'Aieel and rail 

wear, and permitted tolerances in vehicle and track construction. 

A static car outline is used as a point of departure for il 1 us­

trating body movements relative to track centerline and profile 

grade and for defining the cross sectional shape required to 

provide desired horizontal and vertical clearances for the rail 

vehicle in motion. Figure 4-3.1 illustrates the dynamic outline 

and the clearance envelope generated when allowances for body 

movement are added to the static outline. 
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In addition to body movement on tangent track, the effects of 

track curvature must also be considered. The dynamic outline 

must be modified to allow additional room for vehicle overhang on 

curves and for vehicle lean when the curves are superelevated. 

Other factors external to the vehicle clearance envelope are 

needed to size structures. As indicated on Figure 4-3.6, an 

overall minimum clearance is required between the clearance enve­

lope and the finished faces of structures. This minimum clear­

ance provides for construction tolerances, chorded construction 

and for lateral and vertical running clearances. 

In the balance of this section, the considerations, figures, and 

relationships referred to thus far will be presented in more 

detail and should form an adequate basis for determining clear­

ance dimensions for specific vehicles and systems. Once vehicle 

characteristics are known, appropriate tables, graphs, and tem­

plates can be prepared to assist this design process. 

Where railroads are involved, clearances must, of course, satisfy 

railroad requirements and be acceptable to the property con­

cerned. Minimum clearances involving highways should be in 

accordance with Section 7-309, "Structure Clearances", as shown 

in the Caltrans Highway Design Manual. Both railroad and highway 

clearances must also satisfy CPUC requirements. 

B. Vehicle Configuration and Dynamics 

This subsection describes the clearance considerations that are 

related primarily to the size and shape of vehicles and to trans­

verse movement with respect to track centerline and profile. It 

discusses the progression from static to dynamic outlines on 

tangent alignment as shown on Figures 4-3.1 and 4-3.2 and the 

manner in which dynamic outlines are modified for the effects of 

track curvature as shown on Figure 4-3.6. Short radius curves 

are not used for HRT mainline tracks and structures, but LRT 

systems may include alignment with severe curvature. In either 
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type of system, however, vehicle overhang and lean on curves are 

significant design factors in providing adequate clearances for 

vehicles on mainline tracks or in yards and shops. 

1. Static Car Outlines 

Clearance determinations start with the attributes of a spe­

cific vehicle. Figures 4-3.1 and 4-3.2 contain three basic 

car outlines that represent the usual range of body cross 

sectional shapes. These shapes were selected to illustrate 

the similarities and differences in dynamic outlines that 

result when all shapes are subjected to identical limits of 

car body movement. 

2. Car Body Movements 

Table 4-3.1 summarizes the nature and extent of the typical 

1 ateral, vertical, and rotational car body movements that 

affect vehicle position relative to a section of tangent 

track. These are the body movements used to derive the dyna­

mic outlines shown for the three representative vehicles 

depicted in Figures 4-3.1 and 4-3.2. 

At station platforms, car body movements are assumed to be 

controlled within narrower limits. Guidelines for use at 

platforms only are: 

o Vertical Downward ••••••••••••••••••••••••••• 3 11 (7.62 cm) 

o Lateral Movement. ••••••••••••••••••••••• 2 5/8 11 (6.67 cm) 

o Roll ••• 2 degrees (0.035 radians) after lateral movement 

of 1 1/2 11 (3.81 cm) 

3. Dynamic Outlines 

Dynamic out 1 ines represent the extreme car displacement that 

can occur for any combination of lateral, vertical, and rota­

tional movements. The dynamic outlines shown in Figures 
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4-3.1 and 4-3.2 are for vehicles on tangent track. In con­

trast, the dynamic outline in Figure 4-3.6 has been modified 

to all ow for vehicle overhang on curves and for the lean 

caused by track superelevation. 

4. Superelevation Effects 

The application of superelevation is discussed at some length 

in Section 4-6, Subsection D, and a superelevation chart is 

presented in Figure 4-6.2. However, for purposes of discuss­

ing vehicle clearance, the effects of superelevation can be 

limited to the predictable vehicle lean induced by a speci­

fied difference in elevation between the rails of a standard 

gauge track. This superelevation effect on the dynamic out­

line is usually considered independently of other effects. 

The shape of the dynamic outline is not altered, it is simply 

tipped to a superelevated position as shown in Figure 4-3.6. 

When superelevation is 2 11 (5.1 cm) or more, the point of max­

imum lateral displacement for the three representative vehi­

cle shapes occurs about 9.5 1 (2.9 m) above the top of rail. 

At this height, each 1 11 (2.5 cm)increment of superelevation 

adds about 2 11 (5.1 cm) to the lateral clearance required on 

the low-rail side. 

Figure 4-3.3 combines vertical, lateral, and rolling body 

movements with superelevation effects on the dynamic outlines 

of the three illustrative vehicles. This combined effect may 

be thought of as representing (very closely) the total of all 

effects that define the dynamic outline for a cross section 

that is cut through a car body at the pivot point of a truck. 

This concept is val id because inswing and out swing reach max­

imum values midway between trucks and at car ends respective­

ly, but are negligible at truck positions. Inswing and 

outswing are major clearance considerations, especially for 

LRT systems, and are covered in the next topic in this 

subsection. 
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The 11 Base Line 11 plot on Figure 4-3.3 is at zero supereleva­

tion and represents the width of dynamic allowance between 

the static outline and the dynamic outline for any car shape 

at any height above the top of rail (profile grade) up to the 

point of roof rounding. This 11 Base Line 11 is, therefore, a 

generalized depiction of the shaded areas and dynamic out-

1 ines of the three vehicles as shown in Figures 4-3.1 and 

4-3.2. Fanned out on either side of the 11 Base Line 11 are 

lines representing 1 11 (2.5 cm) increments of superelevation 

up to the usual 6 11 (15.2 cm) maximum for constructed super­

elevation. The normal 4 11 (10.2 cm) limit for superelevation 

in or on line structures (where clearances are most critical) 

is also noted. The superelevation lines fanned to the right 

represent the condition on the low side of superelevation 

where vehicle lean toward the center of the curve is added to 

the 11 Base Li ne 11 allowance for dynamic 1 ateral movement and 

roll. The lines to the left represent the high side v-Alere 

1 ean is subtracted from the dynamic allowance on the outside 

of the curve. 

Superimposed on Figure 4-3.3 are lines representing the posi­

tion of the critical point on the dynamic outline of each of 

the three illustrative vehicles at each increment of super­

el evation. The plots, developed by constructing and super­

elevating dynamic-outline templates, illustrate the range of 

1 ocati on characteristics exhibited by the points of maximum 

displacement of the dynamic outline from centerline. It is 

evident that rounding the sides of a vehicle smooths out and 

dampens the combined effects of dynamic 1 ateral movement, 

roll, and lean. At the other extreme, the plot shows that 

for a vehicle with flat, vertical sides, the critical point 

remains at the roof line on the low side of superelevation. 

On the side away from the curve center, the critical point 

stays at roof elevation until lean overcomes the 3.5 degree 

(0.06 radian) roll and the critical point drops suddenly to a 

lower position on the vehicle. Design clearances must allow 
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for lateral body movement and roll to the outside of each 

curve as well as to the inside. 

The plots on Figure 4-3.3 also evidence some similarities in 

the patterns and magnitudes of displacements for the three 

vehicles. For example, at 4 11 (10.2 cm) of superelevation, 

the point of low-side, maximum displacement for all vehicles 

occurs between 8 1 and 10' (2.4 m and 3.0 m) above the rail 

and the magnitude of displacement from the static outline of 

each car ranges from approximately 15 11 to 18 11 (38 cm to 46 

cm). At the same 4 11 (10.2 cm) superelevation, all vehicles 

show a corresponding displacement of about 1.5 11 to 2 11 (4 cm 

to 5 cm) away from the center of curvature. 

5. Inswing/0utswing 

In addition to the dynamic body movements and the supereleva­

tion effects which represent total lateral displacement at 

the trucks, body overhang on horizontal curvature al so in­

creases the lateral displacement of dynamic outlines relative 

to track centerline. This effect is commonly illustrated by 

means of a split dynamic outline as shown in Figure 4-3.6. 

The amounts of mid-car inswing and end-of-car outswing depend 

primarily on the truck spacing and end overhang of the vehi­

cle and on the severity of track curvature as shown by the 

diagram on Figure 4-3.4. The inswing and outswing displace­

ments graphed below the diagram give preliminary design 

values for the two typical LRVs presented in Table 3-2.1. 

These values are for track curves with radii from 45' (14 m) 

to 1400 1 (425 m) and show that displacements become progres­

sively m·ore critical below a curve radius of 500 1 (150 m). 

This is especially true of outswing. To emphasize how crit­

ical the length and shape of end overhangs can be in design­

ing LRT systems, rectangular vehicles without tapered ends or 

rounded corners have been used for illustrative purposes in 
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Figure 4-3.4. Additional body shape and clearance considera­

tions are discussed in Subsection D under "Vehicle Character­

istics". 

Figure 4-3.5 shows inswing displacements for the two HRVs and 

two LRVs selected as representative vehicles for preliminary 

design. Within the limits of curvature shown for each HRV, 

and without considering rounded vehicle corners, outswing 

displacements are nearly the same as the graphed inswi ng 

values and may be used interchangeably. The difference is 

1/4" {0.6 cm) or less for radii above the 755' {230 m) 

preferred mainline minimum. At the 300 1 {91 m) minimum 

turning radius for the HRV{2), outswing is about 5/8 11 

( 1. 6 cm) less t_han graphed inswi ng. At the 90 1 (27. 4 m) 

lower limit for the HRV{l), outswing exceeds inswing by less 

than 1.5" {3.8 cm). For curve radii larger than 1400' 

{425 m), the out swing for both "square-cornered" LRVs exceeds 

the plotted inswing values by less than 1.5" {3.8 cm). 

6. Turnouts 

Figure 4-3.8 gives the maximum horizontal limits of a typical 

HRV dynamic out 1 i ne as it moves through AREA standard turn­

outs numbered 6, 8, 10, and 15. Turnouts are discussed in 

Section 4-4, Subsection D, and are further illustrated in 

Figures 4-4.3 through 4-4.6. 

The horizontal offsets given in Figure 4-3.8 were determined 

graphically and assume that the design vehicle approaches and 

leaves the turnouts on a tangent track and that the track is 

not superel evated within turnout 1 imits. If a turnout is 

from a curved or superel evated track, the dynamic clearance 
values shown must be increased. Also, outside the dynamic 

outlines, additional allowances for running clearances to 

structures and other objects must be provided. 
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C. Running Clearance Allowances and Criteria 

This subsection describes the clearance factors to be considered 

in providing adequate separation between dynamic out 1 ines and 

adjacent structures, obstructions, or facilities. 

Figure 4-3.6 illustrates a number of running clearances and shows 

their relationship to allowances for vehicle envelopes and con­

struction tolerances. Figures 1 and 2 in Appendix A-11 illus­

trate some minimum LRT clearances required by the CPUC. 

1. Clearance Envelope/Installation Allowance 

The clearance envelope is a standard 2 11 (5.1 cm) clearance 

allowance enclosing the dynamic outline as illustrated by 

Figures 4-3.1 and 4-3.6. No fixed objects should violate 

this space. This is the absolute minimum separation required 

between the dynamic outline and fixed installations such as 

pipes, pipe hangers and supports, signals, lighting fixtures, 

and air conditioning equipment. This 2 11 (5.1 cm) clearance 

applies only to non- structura 1 elements: greater clearances 

are required for permanent structural elements. 

2. Construction Tolerances 

As indicated on Figure 4-3.6, a tolerance of! 111 (2.5 cm) is 

the usua 1 allowance made for permissi b 1 e construction vari a­

ti ons in the finished surfaces of line-structure walls and 

roofs and for other critical facilities. A design tolerance 

of! 211 (5.1 cm) may be assumed for segmented linings in cir­

cular tunnels in contrast to the usual allowance for cast­

in-place construction. 

3. Chorded Construction 

An extra al 1 owance for 1 ateral clearance must be made \'/hen 

subway walls, retaining walls, and the like are constructed 
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in chords adjacent to curved track alignment. The maximum 

lengths of chords to be used, measured along the trackside 

face of wall nearest the curve center, are: 

o 50 1 (15.2 m) chords for curve radii 2,500 1 (762 m) or 

longer. 

o 25 1 (7.6 m) chords for curve radii less than 2,500' 

( 762 m) 

Figure 4-3.7 illustrates the chord allowance (Ac) with a dia­

gram and gives additional width requirements for 25 1 (7.6 m) 

chords and 50 1 (15.2 m) chords in conjunction with curve 

radii ranging from 150 1 (45.7 m) to 35,000 1 (10,670 m). 

Figure 4-3.6 relates the chord allowances (Ac) to other ele­

ments of the cross sectional clearance diagram. 

4. Clearance Criteria for Mainline Structures 

The criteria presented here represent guidelines for the min­

imum running clearances to be tolerated beh,een the clearance 

envelope and the face of structures, exclusive of the con­

struction tolerance and, v1here applicable, an allowance for 

chord construction. The criteria are most relevant to HRT 

system operations and line structures, but are applicable as 

we 11 to LRT systems where design is not governed by conflict­

ing joint-occupant or CPUC regulations or by clearance re­

quirements for overhead electrification. 

Some examples of the following minimum clearances are indi­

cated on Figure 4-3.6: 

o 4" (10.2 cm) - Clearance to flat or curved roof surfaces 

of subways or to any point on the lining of a circular 

tunnel or the curved surface of a horseshoe tunnel 

section. 
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o 6 11 (15.2 cm) - Lateral clearance (where no safety walk is 

provided) to vertical sidewalls of underground struc­

tures, to parapets on aerial structures and retained 

embankments, and to retaining walls in open cuts. 

5. Intermittent Structures and Point Restrictions 

The following circumstances and r:iinimum clearance guidelines 

should be reviewed on an individual basis and adjusted where 

appropriate: 

o 6 11 (15.2 cm) - Lateral clearance from vehicle clearance 

envelope to intermittent columns, miscellaneous 

structures, and other point restrictions. 

o 24" (61.0 cm) - Lateral clearance from vehicle clearance 

envelope to parallel bridge abutments and piers and 

vertical clearance to overhead separation structures. 

Preferred lateral clearance to ne\'J intermittent columns 

and point restrictions. 

6. Light Standards 

o 6 11 (15.2 cm) - Minimum lateral distance from clearance 

envelope to pole, exclusive of construction tolerance. 

7. Poles for Overhead Electrification 

0 16" (40.6 cm) - Minimum lateral distance from clearance 

envelope to pole, exclusive of construction tolerance. 

8. Safety Walks 

A minimum clear space 6.5' (2.0 m) high and 2' (0.6 m) \'lide 

should be provided in most situations \'/here safety walks are 

required. Safety walk space 2.5' (0.8 m) wide is desirable 
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on aerial structures, on elevated sections retained by full­

height walls, and where walks are located between double 

tracks. 

As shown by the shaded portions of Figure 4-3.6, vehicle 

dynamic outlines sbould not encroach into the safety walk 

envelope and allowances should be made for construction 

tolerances and chorded construction where walk width is 

confined by structural elements. 

9. Platforms 

The clearance gap between car floors and high-level platforms 

should be held to a practicable minimum horizontally and 

vertically. However, even when body movement is limited, the 

car threshold may move as much as 3.5 11 (8.9 cm) laterally and 
a like amount downward. 

In Section 5 of Appendix A-11, the CPUC calls for a 311 

(7.6 cm) minimum clearance between LRVs and high-level plat­

forms. Other aspects of this gap are mentioned in Section 

3-2, Subsection E, and Section 3-6, Subsection F. 

10. Acoustical Treatment 

An additional allowance for acoustical treatment on the order 

of 1.5 11 (3.8 cm) may be required in areas where car clearance 

would be critically diminished. 

D. Clearance Adjustments and Options 

This subsection reviews several ways in which clearance 
requirements may be met or modified. 

1. Structure Working Points 

In order to place the vehicle clearance envelope most advan­

tageously in variously shaped subway sections, it may be 
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desirable to shift the centerline or working point of the 

structure relative to the centerline of track. This may be 

done to accommodate such things as safety walk clearance 

envelopes and vehicle lean and overhang on curves. With a 

maximum superelevation of 4 11 (10.2 cm) on a 755 1 (230 m) 

radius curve, the relative shift of tunnel centerline toward 

the center of curvature migh·t be as much as 12" (30.5 cm) for 

a vehicle with a truck spacing of 52.5 1 (16.0 m). Figure 

4-3.6 illustrates working point locations. 

2. Superelevation Rotation 

As discussed in Section 4-6, Subsection D, it may be advanta­

geous, especially in circular tunnels, to rotate the track 

about its centerline instead of raising the outside rail to 

achieve superelevation in the usual manner. This compensat­

ing adjustment may be done in conjunction with a centerline 

shift. 

3. Track Separation 

The spacing of track centerlines and the additional separa­

tion needed to accommodate clearance on curves are discussed 

in Section 4-5, Subsection B, and typical dimensions are 

shown in Tables 4-5.1 and 4-5.2. Appendix A-6 illustrates 

the geometry of a change in the spacing of double tracks for 

a typical, short-radius LRT curve. When vehicles meet in a 

curve, the critical point for inswing-outswing interference 

may occur in the spiral transitions. 

4. Width Adjustment Transitions 

Where structures must be widened or other lateral adjustments 

made through a curve, the change in width should be applied 

and removed over a distance equal to the spiral transition 

length, beginning at a point 25 1 (7.6 m) prior to the spiral 

point. Full width required on the circular curve should be 
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reached on the spiral 25' (7.6 m) before the SC point and 

maintained 25' (7.6 m) after the CS point. 

5. Vehicle Characteristics 

As noted throughout this section, the shape, dimensions, sus­

pension systems, and tracking characteristics of a vehicle 

have a pronounced effect on clearance envelopes. 

Roof and side shapes of the static car outline can do much to 

compensate for the effects that body roll and lean have on 

the vertical and lateral dimensions of the dynamic outline. 

The manner of electrification may be of concern with respect 

to clearance and safety requirements; some cars have been 

equipped for both overhead and third-rail electrification. 

Particularly on LRT systems with short radius curves, truck 

spacings must be matched against acceptable limits of mid-car 

inswing. Outswing can also be matched to inswing. 

The length and shape of LRV end overhangs are important con­

siderations in street operations. Tapered or rounded vehicle 

ends reduce track separation and other lateral clearance re­

quirements and can be shaped to suit the semi-circular swing 

of radial couplers so that coupled cars can better negotiate 

short radius curves. 

Although tapering and rounding were not considered in devel­

oping the outswing displacements graphed in Figure 4-3.4, the 

difference of 3.1' (0. 9 m) shown between the inswi ng and out­

swing displacements for a curve radius of 45' (13.7 m) is an 

indication of the half-width reduction required in shaping 

the vehicle nose to reduce outswing displacement to match 

inswing. The shorter the end overhand, the less the need for 

end tapering and corner rounding to reduce outswing. 



TABLE 4-3.1 4-3.14 

CAR BODY MOVEMENTS INCLUDED IN DYNAMIC OUTLINES 
( See Figures 4-3.1, 4-3.2, and 4-3.6) 

NATURE OF MOVEMENT 
AMOUNT 

Inches Centimeters 

VERTICAL UPWARD 

Non -Suspension Items - Includes construction 
tolerances for track and car, car body camber, and 
vertical track curvature _ _ _ _ _ _ _ _ _ _ _ 15/8 

Suspension Items - Includes primary springs unloaded 
and bounce against up stops _ _ _ _ _ _ _ _ _ I 5/8 

TOTAL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 3 1/4 

VERTICAL DOWNWARD 

Non-Suspension Jtems - Includes wheel wear, rail 
wear, vertica I track curvature, and car body 
deflection ________________ _ 

Suspension Items - Includes primary spring deflection 
to stops and air (secondary) spring deflection to stops: 

o with air springs deflated ________ _ 
0 with air springs working ________ _ 

TOTAL WITH AIR SPRINGS DEFLATED _____ _ 

TOTAL WITH AIR SPRINGS WORKING _____ _ 

LATERAL 

Non - Suspension Items-Includes wheels relative to rail, 
rail and wheel wear, car and track construction 

2 3/8 

21/4 
I 1/a 

4 5/8 

3 1/2 

tolerances, and truck assembly tolerances__ _ _ _ J 5/8 

Suspension Item - Car body ago inst stops_ _ _ _ _ _ I 1/2 

TOTAL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 31/8 

ROLL 

Based on 3 1/2° (0.061 radian ) of body lean occurring 
above axle after lateral movement of I 1/2 

SOURCES: TTC, ASME,CTA,BART,WMATA, BRRTS,and SCRTD 

4. 13 

4. 13 

8. 26 

6.03 

5. 72 
2.86 

11. 75 

8.89 

4.13 

3.81 

7.94 

3.81 



4 - 3.15 

1.5 

WIDTH - METERS 
1.0 0.5 0 0.5 1.0 

:•:•:•:•:•:•:•:•:• ::,:•:•:•:::::::::::::: 

rtical Upward Movement= 31/4 11 (8.26cm)Max. 

CLEARANCE I ENVELOPE --­
Includes 211 ( 5.08cm) IAllowance All Around 

1.5 

3.0 

2.5 
----- en 

DYNAMIC OUTLINE 
Includes 3 1/8 11 

( 7. 94cm) Max. Lafera I Movement 
Plus 31/2° (0.06 radian) Roll 

I 
I 6...,....H+t+lill 

~ --- STATIC CAR OUTLINE c__--"""'lil!j i 
w5~~ l 
~ \I 11 

: ~,➔.\ -~\l'9l1
1"= --V-er-t._D_o_w_n ___ 1_3_Vc_2_~-~8-. 8.;..

1 9-Fc_~-:~-O_R_w...;itL..,h_A_i r-S-p-ri-ng_s_W_o_r-ki-ng~ 

Movement - ~5/011 (11.75cm) Max. with Air Springs Deflated 11'!-tfM· '""'",-"""' 

2''{5.08cm) Min. Cir. fJr Underbody Equipment ...,=1i;,+.1i ,_l_....j 
21/211(6.35cm) Min. Cir. for Trucks a Motors 

___,_, AXLE--

NOTES= 
• See Table 4-3.1 for components of vertical and lateral movement. 

• See subsequent Figures 4-3.2, 4-3.3, 4-3.4, 4-3.5 1 4-3.6, 4-3.7 and 
4-3.8 for other vehicle shapes and clearance considerations. 

RAIL TRANSIT CRITERIA 

a:: 
w .._ 
w 
~ 

2.0 I 
.._ 
:I: 
(!) 

w 
1.5 :I: 

1.0 

0.5 

SOURCES 
TTC (Part 3.3) 
CTA(Partll-A 
ASME (P. I) 
BART (Sect. 2) 

BRRTS (111-8) 
SCRTD (IV- F) 

WMATA (Sect. II ) 
DYNAMIC OUTLINE ANO CLEARANCE 

ENVELOPE FOR A VEHICLE WITH 
ROUNDED SIDES ON A TANGENT TRACK 

FIGURE 4-3.1 

,. 
NYCTA (Struct. Des. Chap.2) 

lbltR,v 

JUN 78 



WIDTH - METERS 
1.5 1.0 ' 0.5 0 0.5 
II I I 

-- DYNAMIC OUTLINE -

STATIC CAR OUTLINE 

1.0 1.5 
I I 

4-3.16 

- 3.0 

- 2.5(/) 
a:: 
LLJ 
1-­
u.J 
:E 

- 2.0 I 
1-u ~ 

~1---...,_1. 5 ::t: 

1r 
- 1.0 

-0.5 

0 0 
6 5 4 3 J.l 2 I 0 I 21 3 4 5 6 

WIDTH - FEET - Top of Rail 
NOTE: 

SOURCES 

• These two half-sections, together with Figure 4-3.1, typify basic 
vehicle shapes. 

• See Figure 4-3.1 for additional notes and details. 

RAIL TRANSIT CRITERIA 

SEE Fig. 4-3.1 TYPICAL DYNAMIC OUTLINES FOR VEHICLES 
WITH SLANTED OR VERTICAL SIDES 

RUNNING ON A TANGENT TRACK 
FIGURE 4-3.2 

• lb/tlOrV 

JUN 78 



Ill 
0 -, C 

J> ,, ;:o 

CD-
() 

r C> IT1 

l'T1 ~ 
Ill 

~~ 
I I 
~ ~ --

C 
::, 
CL 

~ 

I 
~ 
N 

c:, 
en :JJ 
-0 CD > 
ro-

e l> o r­
c: n-< 

.,, ..,, n, 
- :s:: :ii:: 
(i')--fn,0-4 
coz<:JJ 

--f n, 
:::0 en :!C ► 
mc:~niz 

-0 z 
.i:. n, c:, --f CJ> 

I ::::0 -< 
()I ~ :z -0 -4 
. nil>E 
c,, < :s:: en 

l>- 0 
--f n r :JJ 
- l> 
0 0 --f 
zc:ni-◄ 

--f ::::0 m 
r l> z r :JJ 

c.... 

n, 
en 

: f 
► 

CENTIMETERS 
I-
~ 12 0 5 10 15 20 25 30 35 40 45 50 55 

LL. 3.5 
..!.. I It-----+--+- LE AN -~---l---4----1---i----1- LE AN TOWARD CENT ER OF CURVE ,-....---t---t---'f'-""! 
~ ~--i--+--r--+----.._--i--+--+---. . 

"'0 

~ 10 ' ~~- .::P-j3.0 
~ ~II 
~ 9 1----1---+--+----+f---ll--J.---0 
.... 8 a.. -
:=! 7 
<X 
a:: 
3t 6 
0 
...J 5 
LL. 

04 
a.. 

-12.5 

2.0(1) 
a:: 
LLI 
1-
LLI 

1.5:E 

~ 3 VEHICLE LEGEND ll I I • I ( 0 
I.LI 

> 2 
0 
CD 

--c e ROUNDED SIDES} P.lots represent location of 
- - - - SLANTED SIDES critical points on Dynamic 

:__ __ VERTICAL SIDES Outline wh~re distance from 
f--

0.5 
<X Axle Height Range 
1-

1 , I I I. of track rs greatest. 
I tt-

i-- 3 1;e" (7.94cm) Lateral Movement 
I I I L - . I. I 

2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 

:::I: ~o w 0 
:I: 

DISTANCE FROM STATIC OUTLINE TO DYNAMIC OUTLINE - INCHES 

NOTES 
• See Figures 4-3.1 and 4-3. 2 for vehicle outlines. 
• BASE LINE corresponds to Dynamic Outline on tangent track. 
• See Table 4- 3.1 for lat., vert., and roll movements in BASE LINE plot. 
o Ea = actual constructed supere levation on standard gauge frock. 

(See Fig. 4-6.2 for Superelevotion Chart) 
• Critical point plots based an cross sections at trucks. 

( See Fig, 4-3.6 for lnswing / Out swing effects and relationships 
to all clearance considerations.) 

20 21 22 0 

~ 

I 
(>I 

--a 



0 
5.0 

(4.7) 

4.5 

4.0 

3.5 
t-
1.&J 
L&J 
LL. 3.0 

t-
z 2.5 
L&J 
:I: 
L&J 

~ 2.0 
....I 
Q. 

._ I 

en ( 1.6) - I 
o 1.5 i, 

1.0 \ 
\ , 

0.5 

50 
I 

I 

\, 
'\ 

"' 
' 

VEHICLE LENGTH 

HALF- LENGTH FOR 
ARTICULATED LRV 

- - Vehicle --
INSWING (IS 

I END I TRUCK SPACING -1 OVERHANG .. -

CURVE RADIUS - METERS 
100 150 200 250 300 350 400 

I I I I I I I 

NOTES: 
° Car diagram (above) illustrates displacement 

relationships for both HRVs and LRVs. 
0 See Table 3-2.1 for typical LRV a HRV dimensions 
0 See Figure 4-3.5 for LRV and HRV lnswing 

displacements for curve r.adii to 201000'( 6, 100m) 

I/ PLOTTED VALUES BASED ON DIMENSIONS FOR 
LRV(i)AND LRV (Z) AS GIVEN IN TABLE 3-2.1 -

I I I I I I I I I 
VOUTSWING (OS)-END/APER 8 CORNER ROUNDING NOT CONSIDERED 

" I I I 

' 
V-- I NS WING (IS) 

-... / 

v_~ ~ ~- --.. i-----· --· ---

4-3.18 

t 

f' 

~ 

-

-

-

-

-

-

-

1.4 

1.2 

en 
Q: 

1.0 ~ 
L&J 
:I: 

I 
QB t­

z 
L&J 
:I: 
L&J 

0.6 o 
c:t 
....I 
a. 
en 

0.4 
0 

0.2 

0 -- --· . ---·-- --- 0 
1400 ' 45 200 400 600 800 1000 1200 t CURVE RADIUS - FEET 

LRV MIN. TURN.RADIUS 

SOURCES 
SEE FIGURE 4-3.1 Re: BART 

WMATA 
CTA 
B.RRTS 
SCRTD 
TTC 

RAIL TRANSIT CRITERIA 

TYPICAL LRV 
INSWING AND OUTSWI NG 

DISPLACEMENTS ON CURVES 
FIGURE 4-3. 4 

• lbllnllv 

JUN 78 



6,000 
5,000 
4,000 

3,000 

2,000 

1,500 

1,000 
fl) 
a: 700 
I.LI 
~ 500 
LLl400 :E 
I 300 

fl) 200 
::, 
0 150 
ct 
a: I 00 

w 70 > 
a: 
:::> 50 
o 40 

30 

20 

15 
12 

IN SWING DISPLACEMENT ( IS) - CENTIMETERS 

50 40 30 20 15 10 7 5 3 2 0.5 0.2 0.1 
I I I I I I I I I 

I I I I II 1111 I 11 11 I I I I I I I I I I I I I I I I 

-- / ,Iv ,/. V 
---- ~,, v/ (Z f h 

©; / @; V 6)4 r~/ -- -
-- V V ~ = ~o/ ~~ 

-- ~~~~ ---- '-,; ~~ -- / .l'v // ---

v" V ~ 
, - --- / - V V ~ -

A -
- -- / !ALSO SEE FIG.4-3.4 FOR .= --- V V LRV INSWING-OUTSWING .= 

/ A~ -
.l'v V ~ PREFERRED MIN. RADIUS FOR -.... / .I' -

V V ., 
HRT MAINLINE CURVE _,, --t:: 

~ -t:: / / ~ '-- V )I" .111/" ABSOLUTE HRT MAINLINE MIN./ '-- / V ~ - -_.._ / 
V ~ HRV@ MIN. TURN-' -- --- / / 

/ 
V 

~ J. 
t7 _ ..... 

-
_._ 

A 
I ,~-, 

..... .~ HRV (!) Ml N. TURN-' -
~ _ ..... 
~ LRV (J)a{i) MIN. TURN\ -

- , __ 
' -

111111111 I I I i I I I I I I I I 
I I 

4-3.19 

20,000 

15,000 

10,000 

7,000 

4,000 

3,000~ 
I.LI 
I.LI 

2,000 lL. 

'-: 1,40011 

1,000 fl) 
:::> 

755 -a 
ct 

500 a: 

400 I.LI 
> 

300 a: 
:::> 

200 0 

100 90 

70 

50 

40 
45 

20 15 10 7 5 4 3 2 1.5 1.0 0.7 0.5 0.3 0.2 0.15 0.1 0.07 0.05 0.03 

INSWING DISPLACEMENT (IS)- INCHES 

NOTES: • See vehicle diagram on Figure 4-3.4 
• See Table 3-2.1 for vehicle dimensions and min. turning radii. 
• For HRVs CD 8 ®,OUTSWING(OS) values may be considered equal to the 

INSWING (IS) values shown above. 
• For LRVs <D 8 ® 1 OS displacements may be considered equal to IS 

values except for the range shown on Figure 4- 3. 4 
• OS values or IS equivalents do not consider taperin or corner roundin 

SOURCES 
BART (Fig- 2. 4. 2) 
BRRTS (Figs.111.2,.3,8.4) 
SCRTD (Figs.lV-8,-9,8-10) 
WMATA (Figs. 11.2,.3,6.4) 
r r c ( o 5 3. 3. 3 A, s, a cl 
CTA (Al.5) 

RAIL TRANSIT CRITERIA 

IN SW I NG DISPLACE M E N TS ON CURVES 

FOR TYPICAL HRVs AND LRVs 

FIGURE 4-3.5 

• tiltlbalv 

JUN 78 



4- 3.20 

CT ~ INTERMITTENT COLUMNS, 
STRUCTURES,a POINT 

I RESTRICTIONS 

PARAPE 

SW for aerial structures, 
retained cuts 8 fills, at-grade 
locations, etc. 

AERIAL 

NOTES: 

TRACK 

I. Dimensions shown ore minimum clearances for structural elements. 

(15.2cm) !I 
I 

2. Critical points a Working Points (WP) change when Safety Wolk (SW) locations or track curves ore reversed. 
3. Clearance Envelope provides 2"(5.lcm) minimum clearance to installations. 
4. Construction Tolerance (CT)= 1"(2.5cm)except= 2"(5.lcm)for segmental circular tunnel construction. 
5. Headroom ( HR)=6.5'(198cm) over full 2.0' (61cm) width of SW (or at f. of SW in circular funnel only l. 
6. For Dynamic Outline see Figure 4-3. I. 
7. For displacement of Dynamic Outline due lo Superelevotion ( Ea) see Figure 4 -3.3. 
8. For lnswing (IS)and Outswing (OS)volues see Figures 4-3.4 and 4-3.5. 
9. For Additional Width (Ac) for chorded construction see Figure 4-3. 7. 
10.For general dimensions at HRT station ~ee Figures 3-6.1,3-6.2,and 3-6.3. 

SOURCES 
WMATA (Figs.ll-12thru 53) SOAR(Fig.36) 
BRRTS (Figs.111-llthru 39) CPUC(G.0.26-0) 
CTA (Dgms.A-1.2 thru 1.4) 
TTC (Dgms.3.3.2.Athru.E) 
NYCTA ( SD-2-18,-19,8-21) 
SCRTD ( Figs.,IV-17 thru 45 a P. IV-70) 

ftAIL TRANSIT CRITERIA 

CLEARANCE DIAGRAM 

FIGURE 4-3.6 
• ~ JUN 78 



SOURCES 

SCRTD 
WMATA 
BRRTS 
TTC 
BART 

I-
LLJ 
LLJ 
LL. 

en 
::::::, -0 
ct 
a:: 
LLJ 
> 
a:: 
::::::, 
0 

40,000 

30,000 

20,000 

10,000 

8,000 

6,000 

4,000 

3,000 

2,000 

1,000 

800 

600 

400 

300 

200 

100 

Q) 

'-
:3 ~ - -(.) 
~ :3 

'- ~ -Cl) 

CHORD {25 1 
{ 7.62m) for curve radii less than 2 1500 1 

{ 762 m) 
LENGTH= 50 1 {15.24m)for curve radii 2,500 1{762m)or more. 

ADDITIONAL WIDTH (Ac) - CENTIMETERS 
20 15 12 10 8 6 5 4 3 2.0 1.5 1.0 0.8 0.6 0.5 0.4 0.3 

I I I I I I I I I I I I 

/ r-1 0,000 
V 

/ 
/ 

... 

~"'v ~o 1./ c., ~"',, 
~,,,' .... 

~- i, 

'-' .. ' ~ ~o .. 
/ 

V 

6,000 

3,000 

2,000 
en 
a:: 
w 

I, 500 I-
w 
2: 

900 I 
I/ en 

~v ~ 600 ::::::, -0 
~'v ..,~ 

~o ~ c., I 

~""\ /,, 

(c,~ ~ ..... 
1.· V 

.., \., / 
~~ / 

ct 
a:: 

300 w 
> 

200 a:: 
::::::, 
0 

120 
,I 

/ 90 

/ 
~v 60 

10 8 6 4 3 2.0 1.5 1.0 0.8 0.6 0.4 0.3 0. 2 0.1 
30 

ADDITIONAL WIDTH (Ac) - INCHES 
R A I L TRANSIT CRITERIA 

(Figs. IV-15 8 IV-16) ADDITIONAL WIDTH FOR (Figs. 11.9 a II. 10) 
(Figs. 111-7 a 111-8 ) CHORDED CONSTRUCTION (3.4.1.b) 
( 2.4.9) FIGURE 4-3.7 

4-3.21 

• tbltmtv 

JUN 78 



~ 

:il: 
0 
0:::: 
LL. 

1-

:il: 

:il: 
0 
0::: 
LL. 

w 
(.) 

z 
<t 
I­
C.I) 

0 

NO. 6 TURNOUT 
(A.R.E.A. PLAN NO. 6 -62) 

NO. 8 TURNOUT 
(A.R.E.A. PLAN NO. 8-62) 

N0.10 TURNOUT 
(A.R.E.A. PLAN N0.10-62) 

NO. 15 TURNOUT 
(A.R.E.A PLAN N0.15-66) 

10' 10
1 

( 3.05m) (3.05m) 

NOTES: I. Horizontal limits of dynamic outline based on a vehicle 10 1 {3.05m) wide 
and 75

1

(22.86m) long with a truck spacing of 52 1 (15.85m) and a 

dynamic half- width of 5
1

-5 1/8
11

( 1.65m) moving through turnouts from 
a tangent running track. 

2. If turnouts ore made from a curved or superelevoted track, the values 
shown must be corrected for superelevation and curvature. 

3. For clearances between dynamic outlines and structures or 
intermittent installations I see Figure 4-3.6. 

4. For turnout clearance points I see Figure 4-4.6 

5. For turnout diagrams and data, see Figures 4-4.3, -4.4, and -4. 5. 

I-
!: g 
o er 
a.. LL. 

N LL. 
'o 

_..,.,.,.,.,,.-----+-----=...-,-- t OF TRACK 

4-3.22 

~ ~•j-_-}]--ii}--;:; -1-__ ,-i_--\:_\_t!.,.,.;~,.,..,'.-:::_;,,}.,,.:·_,.-=\-,,....,'· =. ,.,.,._ ,,., __ .,.,,,-___ 1,.,1_ ,.,,,,,..,.,._,,.,.,,,.'""' .. -_-_. ,"'".-._,,.,.,_,.+/ .,,,-. ==~;::d~===~:::::::,:::~~ri,IT-»:-r::-:"'··_,c:::_::.:::::::::_~m:_~7,-_b~r::_: ".-"':._.·""._::0: ::°'c:?/:r:mb::;:;::::7:),:::-:: ..•• •7:::::;7:}:;;:;;;r:,r:;!7:·_.~:;:ir,:<7:r-::::::./s::~t-~i: '.B::°:rssm77ci;:;::;;:;7:7'.EI:iz7rmJDI78187:'77:]Q:t··:r~~-ii"N:O~.S:I ~•[rffirf~l~t\injl~•w~1r]ffil~tiJ;;;i~,•)l~~~:1~;~;~:•~+;"';~~~:!~-,~i~.~/J 

-.: I 

SOURCES 

WMATA 

SCRTD 
BR RTS 

{ Figs.11.46,.471 .48 1 and .49) 
( Figs. IV-40 1 -41 1 and -42) 
(Figs.111.34,.35, ond.36) 

NO. 10----

------NO. 8 

~ 

NO. 6 

-:, 1,1iw&1ll 1 f j 
R A I L T R A N S T CRITERIA 

DYNAMIC OUTLINE MAXIMUM LIMITS 
FOR TURNOUT NOS. 6, 8, 10 and 15 

FIGURE 4-3.8 

:,·.; 

lilltran.s 

JUN 78 



4-4.1 

4-4 TRACK WORK 

A. General 

Trackwork includes ballast, pads, ties, rails, switches, frogs, 

crossings, fastenings, etc.; in essence, al 1 track hardware and 

the structural section above the trackbed or subgrade as shown on 

Figure 4-4 .1. 

This section of the manual presents a general description of 

various materials and typical uses rather than detailed specifi­

cations for all trackwork materials. 

Most transit properties in the United States refer to and sub­

stantially comply with the AREA "Manual for Railway Engineering" 

and folio of 11 Trackwork Plans and Specifications", latest 

revisions. 

There are contractors who specialize in the installation of con­

ventional rail trackwork, and it is common practice for this 

phase of the work to be done under a separate contract. (See 

Section 3-11.) 

B. Track Fastening Systems 

Although there are a number of variations in construction and 

usage, there are four basic track fastening systems for track­

work: direct fixation to a concrete trackbed, ties in a concrete 

trackbed, ti es on open-deck bridges and trestle structures, and 

ties and ballast. The track fastening system can influence and 

be influenced by the design of subways, aerial structures, and 

other situations where trackside space may be restricted. If tie 

replacement will be required, trackside clearance should allow 

for the insertion of new ties. 
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1. Direct Fixation 

A typical direct fixation scheme consists of connecting the 

rails to combination steel and el astomeric fasteners which 

are secured to a deck or slab by anchor bolts. There are 

several techniques and stages for placing, supporting, and 

adjusting the rails to precise horizontal and vertical align­

ment. The procedure may involve grouting or placing a sepa­

rate concrete pad over the structural concrete base foll owed 

by hori zonta 1 adjustment of the connecting devices. The 

separate pad is placed as late as possible to allow initial 

creep and deflection to occur. 

Direct fixation is used primarily in stations and for aerial 

or underground line structures. Rail fastener spacing is 

typically 30 11 (76.2 cm) for main tracks and 33 11 (83.8 cm) for 

yard and secondary tracks. 

2. Ties in Concrete 

This system can utilize either concrete or wood ties embedded 

in concrete. When rails are fastened to precast concrete 

ties, the ties (which may be encased in rubber boots) are 

grouted into formed depressions in the slab after precise 

horizontal and vertical alignment have been attained. This 

type of construction is sometimes used in subway structures 

and stations. 

The use of wood ti es embedded in concrete is usually 1 imited 

to stations and to special work on unballasted tracks, but is 

sometimes designated for subways and portal areas with floor 

slabs. The rails and hold-down fastenings are mounted on 

cross ties at 30 11 (76.2 cm) centers for main tracks and on 

longer switch ties in special work locations. Rails and 

special items are secured in position before the supporting 

and surrounding concrete is placed. 
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3. Open-Deck Structures 

This track system is designed for use on steel open-deck 

bridge and trestle structures where the track is fastened to 

structural members. Wood ties spaced at 18 11 (45.7 cm) 

centers are secured to wood joists with full bearing on 

girder flanges. Superelevation is obtained by installing 

beveled elevation blocks on ties under the high rail. 

4. Ties and Ballast 

Tie and bal 1 ast systems are used for yard tracks and for main 

tracks at grade, on decked bridges, and in subways with 

adequate dimensions and suitable concrete trough flooring. 

Ties may be either concrete or wood. The ties used for 

relatively short structures are usually the same as those 

used on adjacent at-grade sections. The usual center-to­

center spacing for wood ties in ballast is 24 11 (61.0 cm) on 

mainline tracks and in yards; for concrete ties, 30 11 

(76.2 cm). Joint ties are spaced at 18 11 (45.7 cm). 

An example of a special type of track that has been used in 

river tunnels is one in which the outer ends of wood ties are 

embedded in concrete and the space between and under the ties 

in the center of the track is filled with stone ballast. 

C. Track Materials 

1. Rails 

Rail sections are selected on the basis of structural ade­

quacy, economy, continuing avail ab il i ty, and corn pat i bi 1 ity 

with existing systems. The dimensions of a typi ca 1 ra i 1 

section are shown on Figure 4-4.2. Rail sections are desig­

nated on the basis of pounds per yard (kilograms per meter). 
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In the absence of specific criteria, a 115 lb./yd. {57 kg/m) 

section may be assumed for mainline HRT operations and a 100 

lb./yd. {49.5 kg/m) section for LRT. A 90 lb./yd. 

(44.5 kg/m) section is an appropriate selection for all yard 

and secondary tracks. 

Conventional jointed rail sections are manufactured in 39' 

(11.9 m) lengths, but modern transit systems often often 

specify continuously welded rail (CWR) with insulated joints 

at interlocking locations. However, GJR is not generally 

used on aerial structures where thermal movement is antici­

pated and provided for. 

Specially hardened rails are used in portions of track ,.+iere 

heavy wear is expected, such as on curves with a radius of 

1000' {305 m) or less, or at points of repeated rapid accel­

eration or deceleration, or on heavy grades. 

2. Wood Ties 

Wood cross ties 611 (15.24 cm) thick and 8 11 {20.32 cm) wide, 

AREA Size 3, are appropriate for HRT and LRT main tracks. An 

8 1 {2.44 m) tie length is typical for LRT trackwork and 9' 

(2. 74 m) for HRT. Switch ti es, which vary in length as 

required, may be assumed as 7 11 x 9 11 (17.78 cm x 22.86 cm), 

AREA Size 5. 

HRT contact rail ties are AREA Size 3, and are usually 10' 

(3.05 m) in length. The ends of ties are lined on the side 

of the track opposite the contact ra i1 so that the contact 

rail ties extend 1' {30.5 cm) beyond the ends of cross ties. 

All wood ties are treated with a preservative except where 

used for temporary track. 



4-4.5 

3. Concrete Ties 

Concrete ties are typically 6 11 x 10 11 (15.24 cm x 25.40 cm) in 

cross section. For HRT trackwork, ties 9' (2.74 m) in 

length can be provided with inserts for holding contact rail 

support arms. 

4. Concrete Slabs 

When rails and rail fastening systems are mounted within a 

supporting concrete layer or slab, specified concrete 

strength should be 4,000 lb./in.2 (280 kg/cm2). Concrete 

track construction calls for+ l/8 11 (+ 3.2 mm) tolerances for 

cross level, profile, and horizontal lines. 

tolerance is plus l/8 11 (3.2 mm). 

Track gauge 

When subgrade conditions require it, an appropriate founda­

tion course is used to provide drainage and minimize settle­

ment of the slab. 

Concrete subballast slabs (approach slabs) are constructed to 

support an 8 11 (20.3 cm) minimum depth of ballast at the ends 

of all ballast-less tracks. They usually call for 3,000 

lb./in.2 (210 kg/cm2) concrete. 

5. Ballast 

Ballast is usually crushed stone, varying in size from 3 1/2 11 

(88.9 mm) down to 3/4 11 (19.1 mm). Ties are embedded in bal­

last which serves to: 

o Support the load and distribute it to the subgrade. 

o Hold the track to 1 ine and grade. 

o Provide drainage for the track structure. 
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o Facilitate adjustment of line and grade. 

o Minimize dust and inhibit weeds. 

o Provide a measure of electric insulation for running 

rails. 

The specified minimum depth of ballast, measured from the 

base of tie at any rail to the top of subballast or subgrade, 

is usually 6 11 (15.2 cm) for yard and secondary tracks, and 

12 11 (30.5 cm) for mainline tracks, assuming acceptable sub­

grade conditions. An 8 11 (20.3 cm) minimum depth of ballast 

is used over concrete floors in subways and on ballasted 

bridge decks. In these instances, the structures are de­

signed to accorrmodate an additional 4 11 (10.2 cm) of ballast 

to permit future correction of track profile. Subways must 

provide for extra vertical clearance over and above vehicle 

clearance diagram requirements, and ballasted bridges are 

designed for the additional dead load. 

The absolute minimum depth of ballast called for under ties 

is usually 6 11 (15.2 cm). An allowable maximum is often set 

at 2 4 11 to 3 0 11 ( 61. 0 cm to 7 6 • 2 cm) for total ba 11 as t de pt h • 

Subgrade stabilization or some form of subballast is prefer­

red to increasing the required depth of ballast to more than 

12 11 (30. 5 cm). 

The top of ballast is specified to be either flush with the 

tops of t i es or to be 1 11 (2.5 cm) below the base of rail and 

neatly triflllled. Trans i t properties designate the circum­

stances under which each is to be used. Space is sometimes 

left between ballast and rail to accommodate signal wires or 

special track hardware. 

Top of ballast width is usually carried 12 11 (30.5 cm) beyond 

the ends of ties on mainlines and 6 11 (15.2 cm) beyond for 
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yard tracks. When curve radii drop below 1,000 1 (305 m) or 

so, the 12 11 (30.5 cm) width extension is often retained. 

Ballast is continuous between structure walls and should 

provide a 6 11 (15.2 cm) minimum cushion between the ends of 

ties and confining concrete faces. 

Where the trackbed is unconfined, ballast side slopes are 2:1 

as a rule. 

6. Subball ast 

Subballast is placed on the finished subgrade below the bal­

last to improve drainage and load distribution over the sub­

grade. A wide range of subbal last may be selected from 

job site materials, but more often subba 11 ast is specified, 

imported material. It is placed 6 11 (15.2 cm) or more in 

depth and its top surface extends 2 1 (61.0 cm) beyond the toe 

of ballast wtiere it daylights full depth with a 2:1 downslope 

as in Figure 4-5.4. 

7. Track Hold-Down Fastenings 

There are a number of different rail hold-down fastenings. 

The combinations of plates, pads, clamps, braces, spikes, and 

bolts vary for timber ti es, concrete ti es, and slabs. Other 

variations are used for different mainline track alignments 

and for yard tracks. 

8. Rail Joints 

Rail joints are fastenings designed to unite the abutting 

ends of contiguous rails. The fastening consists of two 

joint bars plus bolts, spring washers, and nuts for splic­

ing the rail webs. A standard mainline joint uses six hole, 

36 11 (91.4 cm) long joint bars; yard rail joints use four 

hole, 24 11 (61.0 cm) bars. Compromise joints are used to 

align and hold rail heads and gauge wtiere rails of different 
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height or section meet in track. Insulated joints are 

designed to insulate the fl ow of electric current between 

abutting rails. The preceding joints are detailed in 

Chapter 4 of the AREA Manual of Recommended Practice. 

9. Track Guard Rails 

Steel emergency guard rails are installed at locations \'there 

it is critically important to keep derailed cars from 

traveling more than a few inches ( centimeters) away from the 

running rails. Such locations include retained fills with 

close-by wall tops, aerial structures, and approaches to 

obstructions such as piers, platforms and bridges. Used 

rails and structural angles are placed parallel to, and on 

the gauge side of running rails beginning 50 1 or 60 1 (15 m or 

18 m) before the obstruction and carrying 10 1 (3 m) beyond. 

Guard rails are carried across bridges. On open deck bridges 

with wood ties, longitudinal 6 11 x 8 11 (15.2 cm x 20.3 cm) 

timbers are installed on the top of the ties continuously 

along the field side of each running rail. 

Guard rails are al so pl aced in front of switches and opposite 

frogs which are not self-guarded. Restraining guard rails 

are installed adjacent to the gauge side of the low (inner) 

rail to provide guidance for the wheels around short radius 

curves and to hold the wheel flanges from the outer rail. 

Typically they are installed on main tracks with a radius of 

1,000 1 {305 m) or less, and on yard or secondary tracks with 

a radius of 500 1 {152 m) or less. 

10. Derails 

Derails are installed on yard and secondary tracks used for 

the storage of unattended vehicles \'then these tracks are on a 

descending grade to a main track connection. Derails are 

located: 
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o At the downgrade end of yard and secondary tracks. 

o To derail equipment away from main tracks. 

o To derail equipment away from contact rails. 

The locations of derails are shown on Figure 4-4.6. 

11. Bumping Posts 

Steel or concrete bumping posts are instal 1 ed a minimum of 

12 1 (3.7 m) from the end of each stub track. 

D. Special Work 

1. Genera 1 

Special work includes switches, turnouts, and crossings. 

Figure 4-4.3 illustrates various turnouts and components. 

Turnouts and crossovers are located on tangent track and 

constant profile grade where possible. Since superelevation 

is not usually applied through the switch or turnout, speed 

reductions may be necessary. Double (scissors) crossovers 

are located where tracks are parallel and are used when there 

is insufficient space for two single crossovers. The desired 

minimum tangent length between a point of switch and the end 

of a station platform is 70 1 (21 m). The desired minimum 

tangent distance preceding a point of switch is 10 1 (3 m). 

To facilitate adaptable construction and adjustments, special 

trackwork is usually placed on wood tie and ballast sections 

which extend a minimum of 15 1 (4.6 m) beyond the switch 

point. Ties of varying lengths as required are carried 

through the switch at turnouts. Tie and ballast sections may 

be terminated when the separation of diverging track center-

1 ines exceeds 8 1 (2.4 m) or so. Where avoidable, special 
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work is not located within 200' (60 m) of a transition 

between direct fixation and ballasted track construction. 

Wood ti es may be encased in concrete when slab construction 

is employed. The placement of special work on nonballasted 

aerial structures is avoided when practical because special 

structure and track designs are required to prevent misalign­

ment of the special trackwork due to thermal stresses. 

2. Turnouts and Frogs 

A turnout is an arrangement of a switch and a frog with 

closure rails for diverting cars from one track to another as 

shown in Figure 4-4.3. The turnout number is the number of 

the frog used in the turnout. The frog is a track structure 

used at the intersection of two running rails to r:ermit 

wheels on either rail to cross the other. The frog number is 

the number of units of centerline length in \'tlich the spread 

is one unit ( or one- ha 1 f the cotangent of one-ha 1 f the frog 

angle formed by the intersecting gauge 1 ines of the frog). 

The 11 hal f-inch point of frog" is a point at which the spread 

between gauge lines is 1/2 11 (1.27 cm). It is located at a 

distance behind the theoretical point equal in inches to 

one-half the frog number, or in centimeters, to 1.27 times 

the frog number. It is the origin from which measurements 

are usually made. Figure 4-4.4 gives AREA trackwork plan 

reference numbers and some dimensional and operating speed 

data for five representative turnouts. Typical HRT turnout 

usage is as follows: 

o No. 6 - Low speed turnouts for use on yard tracks. 

o No. 8 - Low speed turnouts for yard tracks and secondary 

tracks, for center storage tracks, main track emergency 

crossovers, service track connections to mainline, and for 

turnbacks and yard track connections to mainline \'tlere 

higher numbers (10 or 15) are not practical. 
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o No. 10 - Intermediate speed turnouts for use on transfer 

tracks and maintracks and for turnback crossovers at 

terminal stations. 

o Nos. 15 and 20 - High speed, maintrack turnouts for 

intermediate turnbacks and junctions of mainline routes. 

Figure 4-4.6 illustrates some typical turnout clearance and 

layout relationships. 

3. Crossovers 

A crossover consists of two turnouts with tracks between 

frogs arranged to provide a connection between two nearby, 

usually par all el tracks. Figure 4-4. 5 i 11 ustrates cross­

over geometry and gives dimensions for five turnouts and five 

track centerline spacings ranging from 12' (3.7 m) to 30 1 

(9.1 m). The length of a crossover and the speed through it 

are dependent upon the turnouts used. For double crossovers, 

contact rail configuration may control geometry so that trac­

tion power can be provided to all trains operating through 

the crossings. There is no traction power restriction with 

No. 8 double crossovers, but No. 10s require 28 1 (8.5 m) or 

more· between the centerlines of the tracks to be 

cross-connected. 

4. Switches 

Switches divert rolling stock from one track to another. The 

actual "point of switch" is the end of the switch rail 

(straight or curved) roost distant from the frog. The switch 

point operates against the "stock rail". The "throw of 

switch", the distance the points of switch rails are moved 

sidewise (measured along the centerline of the "switch rod" 

connecting one rail to the opposite rail), is standardized at 

4 3/4 11 (12.1 cm). Space for switch rods to operate below the 

rails is provided in ballast or slab construction. The "heel 
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spread" of the switch, the distance between the gauge lines 

of the switch rail and its stock rail, is standardized at 

6 1/4 11 (15.9 cm) for straight switches. Switch point and 

stock rail fabrication requirements are given in AREA Detail 

5100. 

5. Track Crossings 

A track crossing is a structure used where one track crosses 

another track at grade. It consists of four ·connected frogs 

which can accommodate a wide range of angles of intersection. 

Track crossings should be located on straight grades and tan­

gent alignment if possible. Special foundations and fasten­

ings may be required. 



R/W 

UBGRADE OR T~P OF SUBBALLAST 

TRACKBED 
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R/W 

._~----------TRACKWAY-----------~ 

SOURCES RAIL TRANSIT CRITERIA 

GENERAL TRACKWAY SECTION !f' 
JUN 77 

FIGURE 4-4.I 

fl 



SOURCES 

= e 
CD E 
j:::::, CID 

I .... ---

II 

,- (32mm) 7 

~8" 
(16mm) 

(356mm) 

C. L. of 1411 RADIUS 
NEUTRAL AXIS 6mm 

= e :;e 
-OI . ,.._ 
rt>_, 

= e -t E 
- CID 'o ..,._ 

...,, 

5-1/211 

(140mm) 

{356fflffl) 

3/411 

(19mm) 

l/l611 R. 
(2mm) 

RAIL SECTION 119 CF 8 I 

= e 
E 

I ft) 

~ 

Total Area= I 1.65 sq. in (75.16 cm2) Weight =118.8 lb/yd. (59 kg/m) 

BART (Fig. 4.6.1) 

RAIL TRANSIT CRITERIA 

TYPICAL RAIL CROSS 
SECTION 

FIGURE 4-4. 2 
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~ 
lbltlwr, 
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POINT OF 
SWITCH 1/211 PT. OF FROG 

~ ACTUAL LEAD ----~ APPROX. 1/2 NO OF FROG IN t-•------ THEORETICAL LEAD INCHES 

CLOSURE RAILS FROG 

f::sw1TCH--f- LEAD CURVE_ 
CURVED LEAD~-

_GUARD RAIL 

I ---, 

LATERAL TURNOUT C0"'1PONENTS 

RIGHT HAND TURNOUT 

RIGHT HAND CROSSOVER 

~ 

SOURCE: 

BART (Fig. 4.9.1) 

EQUILATERAL 
TURNOUT 

(WYE) 

TURNOUT DIAGRAMS 

LEFT HAND CROSSOVER 

CROSSOVER DIAGRAMS 

LEFT HAND TURNOUT 

DOUBLE CROSSOVER 

RAIL TRANSIT CRITERIA 

TURNOUT DIAGRAMS AND 
COMPONENTS 
FIGURE 4 -4.3 

• lblhrw 

JUN 77 
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Actua I Lead (4) + (5) 

I ~ 
@) Frog@ +d)~ 

I 
Q) 

® CD 
0 

® (J) Switch I-
Closure Roi I 

0 ~ ,,,, , 

"' t - <t / - -
"' 7 --- - - ' 

, -
/4read ~ 

-1- .~ >- I 

@ - 2__~ Gauge=4.708 l1.435m) 
-

® ~ I II -- ~ -lZ"-<t. 61/4 (15.88mm C: ..,_ 0 
( Seer-Jote) - 0 :;:: 

0 .s:::. 'b .s:::. 0 -.... 0 (.) 
- <I) ..... 0, .... - - c: en C: C: 0 ·- ·- Q) ·- ._ 

0 3: Q) 3: 0 Q) 0 ,t a.. (/) ::c CJ) Q_.,_ 
Q C: 

i- = .,_ 
-:§;lo 

TURNOUT DATA 
SWITCH ACTUAL LEAD FROG RADIUS SPEED 

FROG LENGTH a TYPE STOCK RAIL LENGTH SPREAD 
OF 

THROUGH CURVED 
No. ~REA Plan No] JOINT {SEE NOTE) TOE HEEL TOE HEEL CENTERLINE TURNOUT 

CD ® @ (4) ® ® Cf) ® ® QQ) (SEE NOTE) 

11. 0
1

{ 3.35 m }-Straight 6.17
1 

4.50
1 

21.74
1 

28.50
1 

5.08
1 

7.42
1 9 5;s" 15 5/16

11 
327.06

1 
14 mph 

6 [§- 6~ (1.88m) {I. 37m) (6 .63m) (8.69 m) { 1.55m) (2.26m) {244mm) (389mm) (99.69m) (23 km/h) 

8 
16. 5

1
( 5. 03 rn)-Straight 6 .17

1 
4.50

1 
32.95

1 
38.00

1 
6.25

1 
9.42

1 8 13/1611 14 9/16
11 576 .46 I 21 mph 

1§-6~ ( I. 88 m) {1.37m) (10.04m) {1I.58m) ( i.91m) {2.87m) (224mm) (370mm) (175.71 m) (34 km/h) 

10 
19.5

1 
{5.94 m )-Curved 13.92

1 
12.25

1 
34.98

1 
47. 5o' 7.42

1 
11.33

1 
8 3/8

11 
14 1/8

11 
973.34

1 
28 mph 

[0-62 a 124- 5fil (4.24m) (3.73m) U0.66m) ll4.48m) (2.26m (3.45m) (213mm) {359mm) (296.67m) (45 km/h) 

26.0{7. 92 m )-Curved 13.92
1 

12.25
1 

47.36
1 

71.25
1 

10.33
1 

16.33
1 7 3;411 13 9/16

11 
2278.10 40 mph 

15 [5-62 a 125-62] (4.24m) (3 .73m) ( 14.44m) (21.72m) (3.15m) (4.98m) {197mm) (344mm) {694.36m) (64 km/h 

20 
39.0

1 
(1 l.89m)-Curved 13.92

1 
12.25

1 
68.22

1 

95.00
1 

13.08
1 

21.08
1 7 3;811 13 1/8

11 
4066.48

1 
50 mph 

[?o- 62] (4.24m) (3. 73m) (20.79m) (28.96m) (3.99m) (6.43m) {187mm (333mm) (1239.46m) (80 k rn/h 

NOTES'. 0 in feet 1 @ = Frog No (Gauge+ 0.0417), approximately. 

In meters , @ = Frog No (Gauge + 0. 0 12 7} 1 approximate I y. 

0 Values in Column@ are based on standard gauge of 4.708 1 (I.435m) 

0 Speeds shown are normal operating speeds. Critical speeds (maximum safe 
speeds), based on unbalanced superelevation ( Eu) of 6 11(I5.24cm),are 25 % higher. 

0 For Crossover Data see Figure 4-4. 5 

SOURCES R A I L T R A N s I T C R I T E R I A 

BART \ST 401-A) STANDARD TURNOUT DATA • t:izH:m.ns 
WMATA (Figs. m .22 8i 1I.7) 

JUN 77 

FIGURE 4-4.4 
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A .s:: 

Column@ Column® Colu.mn @ 
0 .... 

See 
C 

See See 3: 

Fig 4-5.4 Fig 4-5.4 B C Fig 4-5.4 (/) 

..... 
Actua I Lead 4.708

1
( 1.435 m) 0 

+-
Gauge c:: 

____ L Con~c~R~ ______ 0 

Switch 
a. ---- ------ ,_ _________ -------~ ,_ __ 

- . . (;' - - - - -c.. 

-~ 
-· - - - . -- - - -

-' Con.!..Q2t RaiQ_ "' --
-Contact Rail~ 

.... ---
+ - . 

C: - "'" ,- -
.s:: .5? - - -
0 Switch - ct 

V -- ' - - - - -0 ~ 
, 

3 See Col (D Q) -
(/) Cl) ----------------------- y--- ---------- - -... 

Fig 4-5.4 <1> C: .... - Contact Roi I 0 
0 C: 4.708

1 
{1.435m) - ..... -C: O'I C: Ol '+- 0 .... .... Gauge ~ 0 0 0 

Q) c:: 0 0 ... ... Q. LL Cl) 

0 .... LL .... ... 
a.. C: = ~ C: Q) 

(\J .... (\J ..... 
0 

.... 
0 0 ' 0 C: 

Q. I ' Q. - -
NOTES 

CROSSOVER DATA 
I. ® @( Cos of frog angle) P . 1 = rec1se y 

TRACK Sin of frog angle 

CENTERS No 6 TURNOUTS No 8 TURNOUTS No 10 TURNOUTS No 15 TURNOUTS No 20 TURNOUTS 
G) ( Frog No.-

0
·
25 

)c1osely UNITS = Frog No y A 8 A B A B A 8 A B 
0 = ( Frog No.) Approx. 

12. 0 71.50 14.50 95.62 19.62 119. 70 24.70 179. 80 37.30 239. 85 49 .85 feet 

(3.66) (2 l. 79) ( 4.42) (29.15) (5.98) (36 .49) ( 7. 53) (54.80) ( 11. 37) (73. II) ( 15 .19) (meters) 2.@ = ®- 2© Precisely 

= ~(Frog No.-
0

·
25 

J-2 (frog No.(Ga.+0.0417~ 13.0 77.46 20.46 103.59 27.59 129.68 34.68 194 .78 52. 28 259. 84 69.84 feet Frog No. . 
(3.96) (23.61) (6.24) (31. 57) (8.41) (39.53) (IO. 5 7) (59 .37) (15.94) (79. 20) (21.29) (meters) Closely in feet 

= ~(Frog No.-i!sNJ-2 Q'rog No.( Go.+ 0.0127TI 
14. 0 83.42 26 .42 Ill. 56 35 .56 139.65 44.65 209.77 67.27 279.83 89.83 feet Closel/ in meters 
(4.27) (25 .43) ( 8. 05) ( 34.00) (10.84) (42. 57) (13. 6 I) (63.94) (20. 50) (85.29) (27.38) (meters) 

=<©-2· Gauge)(Frog No.) Approx. 

18.0 107. 25 50.25 143.44 67.44 179. 55 84.55 269. 70 127.20 3 59. 78 169. 78 feet 3. Tabulated values of @ based on 
(5 .49) {32.69) (15.32) (43.72) ( 20. 55) {54. 73) (25.77) (82. 20) (38. 77) (I 09.66) (51.75) (meters) Standard Gauge of 4.708

1 
(I.435m) 

30.0 178.75 121.75 239 .06 163.06 299.25 204.25 449.50 307.00 599.63 409.63 feet 4. For turnout data see Fig 4-4.4 

(9. 14) (54 .48) (37.11) (72.87) (49.70) (91. 21) (62. 26) (137.0t) (93.57) (182. 77) (124.86) (meters) 

SOURCES R A I L T R A N s I T C R I T E R I A 

BART ( ST 403-A) • STAN OARD CROSSOVER DATA tb/tTO.ns 

JUN 77 

FIGURE 4-4.5 



Radius Equa I To 
Turnout Radius 

P.S. 
0 
I-

A 

B 

CLEARANCE TO PARALLEL 
SIDINGS ON 14 1 TRACK CENTERS 

11 ...,, 
LEGEND 

Insulated Joint 

Derail 

l Derail 

-
Clearance Point 
141 (4. 3m) min. 

- E 
0 ,.._ 

t\l 
v ~ -

T.O. No. A 

6 87 1 (27m) 97' 

8 120 1 (37m) 127 I 

10 1431 (44 m) 1481 

15 210 1 (64m) 213 1 

l Derail 

4-4. 18 

B 

(30 m) 

( 39 m) 

( 45 m) 

(65 m) 

14.0 1 min. 
(4.27m)min 

P. S. 

A 

B 

CLEARANCE FOR TURNOUTS WITH 
TANGENT TRACKS BEYOND THE FROG 

NOTE: 

Clearance Point 
14.0 1(4. 27m) minimum 

T.O. No A 

6 87 1 (27m) 

8 120 1 (37m) 

10 142 1 (43m) 

15 208' (63 m) 

l 

B 

102 1 (31m) 

131 1 (40m) 

142 1 (43m) 

208 1 (63 m) 

If derail is not required, first insulated joint is 14 .0 1 (4.27m)°min. behind 
clearance point. The second, if required 1 is in opposite rail 4.0' ( 1.22 m) 
behind the first. Values of A and B are based on clearance envelope for 
75 1 (22.86m) HRV, I0 1 (3.05m) wide and truck spacing of 52 1 (15.85m). 
See FIGURE 4-3.8 for dynamic outline limits at turnouts. 

SOURCES R A I L T R A N S I T C R I T E R I A 

SCRTD (Figs. 1ZlII - 2 8 -3) 

WMATA l Figs. m. 19 8 .20) 

BRRTS ( Figs . .nr. 9 8 .10) 

CLEARANCE FOR TURNOUTS 

FIGURE 4 - 4.6 

• lb/ban, 

JUN 77 
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4-5 TRACKWAY 

A. General 

Trackway is the whole area reserved for use of HRT or LRT 1 ines 

operating within an exclusive right of way. It includes curbs or 

shoulders, cut or fill slopes, ditches, and appertaining struc­

tures as shown in Figure 4-4. 1. This sec ti on discusses the geo­

metric standards dealing with cross section elements exclusive of 

trackwork. 

B. Track Spacing 

A distance of 14' (4.27 m) is the most commonly specified minimum 

separation between adjacent track centerlines for rail road and 

transit faci 1 iti es in this country. However, for preliminary 

design, track spacing for "standard" HRVs and LRVs may be assumed 

as shown in Tab 1 e 4-5. 1. The values shown are appropriate when 

the radius of curvature exceeds 500' (150 m). This would include 

all HRV main line operations. When curve radii fall below this 

main line minimum to the 300' (90 m) minimum range for HRV sec­

ondary and yard tracks, or when they approach the LRV operational 

1 imit of 50 1 (15 m), clearance envelopes are affected by vehicle 

displacement. Track spacing may also be affected. For instance, 

the required increase in spacing to maintain separation between 

passing vehicles would be of the order shown in Table 4-5.2 

C. Track Gauge 

Most HRT and LRT systems in this country employ a standard gauge 

of 4 1 -8 1/2 11 (1,435 mm) or close to it. The gauge is the dis­

tance between the inner sides of the heads of rails measured 5/8 11 

(15.9 mm) below the tops of rails. 

Most systems specify that the track gauge used for tangent align­

ment be increased in increments of 1/4 11 (6.35 mm), as curvature 

becomes more severe. The point at which adjustments begin, and 
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the number of increments to be applied, differ markedly from 

system to system depending on permitted degrees of curvature, 

vehicle characteristics, and operational considerations. 

Some HRT and LRT systems make only one adjustment to accomodate 

the range of their horizontal alignment. Table 4-5.3 illustrates 

a rather extreme example of curve widening criteria represent­

ative of current HRT practice. Such gauge widening is applied 

symmetrically about the track centerline by some properties or 

only to the rail nearest the center of the curve by others. 

D. Trackbed 

Trackbed is defined as the finished surface of the subballast or 

subgrade between outside edges of the shoulders. Standards 

relating to trackbed width call for strict adherence in contrast 

to the criteria which apply to the portion of the trackway be­

tween the edge of trackbed and the right of way 1 imit. The 

intent of the latter is is to provide general design guidance. 

1. General Standards and Assumptions 

Trackbed width is affected by the following: 

o Track gauge. 

o Distance between track centerlines. 

o Rail height. 

o Superelevation. 

o Depth of tie, slab or beam supporting the rails. 

o Minimum ballast depth under the tie at the rail. 



o Distance from track centerline to top of slope of 

ballast. 

o Ballast side slope. 

o Walkway requirements. 

o Tie length and replacement. 

4-5.3 

Figures 4-5.1 and 4-5.2 and the trackbed standards W'!ich 

follow are based on the standard track gauge of 4'-8 1/2 11 

(1,435 mm) and on a tie thickness of 6 11 {15.24 cm). Also, 

for HRTs, a minimum spacing of 13'-0 11 {3.96 m) between track 

centerlines and a tie length of 9 1 -0 11 (2.74 m) have been 

assumed; for LRTs, the corresponding dimensions are 12'-0 11 

(3.66 m) and 8 1 -0 11 {2.44 m). 

As shown in Figures 4-5.1 and 4-5.2, the trackbed is charac­

teristically cross sloped to drain at 24:1. Also, a walkway 

is provided adjacent to one side of every track. Where the 

trackbed is unretained, a 2 1 -0 11 {0.61 m) walkway is provided 

by extending the trackbed past the toe of ballast. In re­

tained locations, such as shown by Figure 4-5.3, the walkway 

is at least 2 1 -6 11 (0.76 m) wide. 

2. Unretained Trackbed 

Figures 4-5.1 and 4-5.2 show typical trackbed cross sections 

for tangent and superelevated HRT and LRT double tracks. The 

cross sections are applicable to track spacings up to 4 1 

{1.22 m) wider than the minimum distances shown, and for 

mainline curve radii greater than 755' {230 m). 

In addition to the previously stated general standards, the 

cross sect i ons are based on the following assumptions: 
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o Grade and superelevation are approximately identical for 

each track. 

o Superelevation (E) does not exceed 6 11 or 15 cm. 

o Minimum depth of ballast under ties at any rail is 12 11 

(30.5 cm). 

o Top of ba1last is flush with top of tie and extends 1'-0 11 

(0.30 m) beyond the end of tie. 

o Ballast side slope is 2:1. 

o Track centerline passes through a point which is midway 

between the rails and which lies in the plane of the top 

of the rails. 

o Profile grade is carried on the low rail. 

o Superelevation is achieved by rotation about the low 

rail. 

The trackbed slopes each way from a high point located 

between the tracks 6.5' (1.98 m) from the 11 R11 (right) track 

centerline for HR Ts, and 6 .0' (1.83 m) for LRTs. These 

values are such that the trackbed is symmetrical about the 

high point when track spacings (S) are the designated minimum 

values. For single track LRT operations, the trackbed high 

point would be located at track centerline. 

Figure 4-5.2 gives changes in trackbed width to compensate 

for increasing the distance between track centerlines and for 

the effects of track superelevation for curves to the right 

and to the left. 

In all cases shown, the trackbed high point is 16 11 (40.6 cm) 

below the top of tie at the nearest low rail. 
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Trackbed geometry in spiral transitions is determined by 

assuming a linear variation of width dimensions through the 

transition. 

HRT contact ("third") rails are usually carried on 10' 

(3.05 m) long ties spaced at about 10' (3.0 m) intervals. 

Contact rails are normally located between double tracks, and 

the 1 onger ti es do not extend beyond the standard 9' (2. 74 m) 

ties on the outside of the track. When contact rails are 

located outside, the ties extend 1' (30.5 cm) beyond the 

standard ties to the top of ballast hinge point. 

At switch points where switch and lock movements are located 

outside the track, the trackbed is widened so that the top of 

ballast can be extended 2.5' (0.76 m) beyond the end of ties, 

4' (1. 22 m) each side of the point of switch. 

3. Retained Trackbed 

Figure 4-5.3 illustrates a trackbed embankment confined by a 

wall on each side. Walls are placed as close together as 

clearances will allow. 

The retained trackbed cross section is based on essentially 

the same set of assumptions as the unretained trackbed. One 

difference is that the trackbed high point is inverted so 

that the subgrade slopes to an underdrain. As noted, track­

side walkways next to the inside face of wall are widened to 

2 1 -6 11 (0.76 m) and should be at least 2'-10 11 (0.86 m) wide 

when the contact rail is located on the outside. 



4-5.6 

4. Other Trackbed Cases 

In instances where the number and spacing of tracks or other 
conditions differ from the previous assumptions and illustra­
tions, trackbed design should be modified appropriately in a 
manner consistent with basic criteria. 

Trackwork for yard tracks often calls for a minimum of 611 

(15.2 cm) rather than 12 11 (30.5 cm) of ballast under ties, 
and yard drainage requires special attention where profile 

grades are fl at. 

E. Trackway in Cut or Fill 

Figure 4-5.4 shows trackway sections in cut and on fill. The 
sections illustrates some of the conditions that may be en­
countered and are intended as general guides. 

1. Si de S 1 opes 

Side slopes are generally 2:1 or flatter. Steeper slopes are 
considered where earthwork or right-of-way costs are high and 
where materials are suitable. 

2. Benches 

Where cuts require benching, benches should be at least 10' 

(3 m) wide and properly drained. In some cuts it may be 
advisable to create a catchment area by providing extra width 
at subgrade level to retain material that might fall from the 
slope above. 

3. Ditches 

Side ditches are located in conventional positions withi n the 
trackways as shown in Figure 4-5.4. The dimensions given are 
for minimum ditch sizes. 
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4. Right-of-Way Lines 

Right-of-way lines are shown relative to slope, drainage, and 

fencing requirements for typical cut and fill situations. 

F. Earthwork 

Earthwork quantities for trackway design estimates are determined 

by cross sections and average end areas in the manner of highway 

estimates. Centerline curvature is ignored. Earthwork quanti­

ties are computed and tabulated separately for each trackway 

prism. 

Cross sections are at 50' (15 m) intervals or at breaks inter-

rain. Longer intervals are used where linear relationships 

exist. Cut and fill volumes are computed separately and 

shrink/swell factors are applied to cut volumes to develop mass 

diagram ordinates. 



Condition 

Surface 

Aerial 

Cut and Cover 

Tunnel 

Feet 

400 

300 

200 

100 

so 

TABLE 4-5.1 
Track Spacing (l-t) for Tangents 
and Curve Radii Over 500 1 (150 m) 

HRT 

Feet Meters 

13.0 3.962 

13.0 3.962 

16.0 4.877 

30.0 9.144 

TABLE 4-5.2 
Nominal Increase in Track Spacing (£ -£) 
for Curve Radii Less Than 500' (150 m) 

Radius Increase 

Meters Feet 

120 0.2 

90 0.5 

60 1.0 

30 2.0 

15 4.0 

4- 5.8 

LRT 

Feet Meters 

12.0 3.658 

12.0 3.658 

14.0 4.267 

30.0 9.144 

Distance 

Centimeters 

6 

15 

30 

60 

120 



TABLE -4-5.3 
Track Gauge Criteria 

HORIZONTAL TRACK ALIGNMENT 

Tangent Main Line Track 

Curve Radius Over 1,425 1 (435 m) 

Radius 755 1 to 1,425 1 (230 m to 435 m) 

Radius 500 1 to 755 1 (150 m to 230 m) 

Radius 400 1 to 500 1 (120 m to 150 m) 

Radius 225 1 to 400 1 (70 m to 120 m) 

TRACK GAUGE 

4 1 -8¼11 (1,429 mm) 

4 1 -8¼ 11 (1,429 mm) 

4 1-8½ 11 (1,435mm) 

4 1 -8¾ 11 (1,441 mm) 

4 1-9 11 (1,448 mm) 

4 1-9¼ 11 (1,454 mm) 

NOTES : 1. Track gauge criteria apply only with standard AAR wheel gauges of 4 1-7 11/16 11 

(1,414 mm) and axle spacing between 71-0 11 (2,134 mm) and 8 1-6 11 (2,591 mm) 

inclusive. 

2. Transition length to be not less thart 31 1 (9.45 m) nor more than 62 1 (18.90 m) 

for each ¼ 11 (6.35 mm) change in gauge. 

3. For yard and secondary track, the basic gauge is 41-8½ 11 (1,435 mm) for 

tangents and for curves with radii greater than 755 1 (230 m). 

SOURCES: WMATA (Fig. III.9) 

BRRTS (Fig. IV.8) \ 

SCRTD (Fig. VIII.5) 

4-5.9 



SOURCES 

B A RT l Figs. 5. 2. 3: 3 ) 

MARTA ( Fig. 5-1) 

Left Edge 
of Trackbed 

(

Walkway 

. \ 
i.. 

24: I 
Tie 

HRT Trackbed Width = 36
1
-0

11 
( 10.973 m) 

LRT Trackbed Width = 34
1
-0

11 
(10.363 m) 

HRT 

LRT 

l<t II 
L

11 

Track I 
I 

13
1
-0

11 
( 3.962 m) 

12 -0
11 

( 3.658 m) 

I High Point a ~ Track bed I 
HRT 

LRT 

Top of Rail a 
Prof ii e Grade 

6
1
-6

11 
(1.981m) 

6
1
-0

11
(1.829m) 

ll 11
R

11 
Track! 

I Right Edge 
of Trackbed 

11 '- 6 
11 

( 3 .505 m) 

11 1-0 11 
(3.353m) 

5
1
-6

11
(1.676m) 

5
1
-0

11
(1.524 m) 

2
1
-0

11
(0.610 m) 

min Walkway 

- -- -- -- --o- --

I ' - 4 
11 

( 40. 6 4 cm) 

Ballast 

Sub ba !last 
or Subgrade 

NOTE: Dimension @ should allow for tie replacement os needed. 

R A I L TRANSIT CRITERIA 

TYPICAL TANGENT TRACKBED 
CROSS SECTION 

FIGURE 4-5.1 

4 -5.10 

adtrr:tns 
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HRT Trackbed Varies From 36
1
min to 4l.5

1
max (I0.973m to 12.649m) 

L RT Trackbed Varies From 34
1 

min to 39.5 max ( 10. 363 m to 12.040 m) 

® + O.OS6.S 10.9.' (3.322m)min~l3.3
1

1
(4.054m)max 

1 

~~--,10.4 (3.I70m)min"'l2.8 (3.90l m)max 

13.0
1 
(3.962m)min,vl7.0

1
(5.I82m) mcx HRT s-----------------------B--------~ I2.0

1

(3.658m)min""l6.0
1

(4.877m) max LRT 

SOURCES 

BART (Fig. 5.2.3.2.) 

MARTA (Fig. 5-2) 

See Note 

Left Edge of 
Trackbed 

H RT 

LRT 
5.5

1 

(1.676 m) 

5.0\1.524 m) 
Trackbed 
High Point 

6.5
1
(1.98l m) 

6.0
1

( I .829m) 

5.5• ( 1.676 m) 

5.0 (1.524m) 

Cf.. 
11

R 
11 

Track 
I 

HRT 
LRT 

5 .5' (l.676 m) 

I 
5.o• (I.524m) 

Right Edge of 
Trackbed 

HRT 
LRT 

Top of Rail !Profile Gr? E=6
11 

(15.24 cm) max 

(Walkway 
1:==~.::====o=-=-=--::=::::=s:::;::::::+:=:._J?.:~,,,.,-/_:-C::~~-=----_ -_ -,.::f-=-=-'=i~ 

Ballast Tie 

Subballast or 
Subgrade 

1
1
-4 

11 
(40.64 cm) 

2.0
1 
(0.6I0m) 

min Walkway 

NOTE: When® is increased, left edge of trackbed moves out from ~ 11
L

11 
a distance equal to 0.086S, where 6 S equals 

the increment of widening in feet or meters above minimum @ distances shown 

SYSTEM 

H RT 

LR T 

Where: E = Actua I Super 

DIMENSION ® ADJUSTMENTS FOR CURVES WITH A 
RADIUS OF 755

1 
(230m) OR MORE 

ON OUTSIDE OF CURVE® EQUALS ON INSIDE OF CURVE ® EQUALS 

FEET METERS FEET METERS 

ll.5+0.3E 3.505 + 0.036E 11. 5 - 0.1 E 3.505 -0.0l2E 

II. 0 + 0. 3E 3. 353 + 0.036 E 11. 0 - 0. IE 3.353 - 0.012 E 

INCHES CENTIMETERS INCHES CENTIMETERS 

R A I L TRANSIT CRITERIA 

TYPICAL SUPERELEVATED TRACKBED 
CROSS SECTION 

FIGURE 4-5.2 

,. 
liJltral1s 
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FACE OF 
WALL 

1.081 (0.329tn) 

11FENCE OR 
RAILING 

.c 

GROUND 

A = 24.01 (7.315m) 

WALKWAY VARIES 
ROM 2.5 1(0.762m)MIN. 

t 11 L11 T~CK r S = 141 (4.267m) 

SUBGRADE 

SUBBALLAST 

UNDER DRAIN 
6 .51 

(1.981ml 

{ 
11 R11 TRACK 

--1 
I 

@= I0.01(3.048m) 

WALKWAY VARIES 

FROM 2i~l 
(0.762m)M£ 

I TOP OF 
RAIL 

*PROVIDE FENCE AT TOP OF WALL IN 
LIEU OF RAILING WHERE h $. 101 (3.048m) 

FIGURES 3-6. 3 and 4-3.6 SHOW PARAPETS. 

NOTES: I-@ a @ DIMENSIONS SHOWN ARE APPROPRIATE FOR 

RIGHT OR LEFT CURVES WITH 11 R11 TRACK RADIUS OF 

7551 (230m) OR MORE WHEN= 

• ® = 141 (4.267m) 

1 E = 611 (15.24cm) MAX. SUPERELEVATION 

1 TIES ARE 91 (2.743m) LONG. 

2-@,@ OR® SHOULD ALLOW FOR TIE REPLACEMENT 
AS NEEDED. 

4 -5 .12 

FACE OF 
WALL 

I.OS 0.329m) 

* FENCE, 
RAILING OR 
PARAPET 

.c 

GROUND 

SOURCES RAIL TRANSIT CRITERIA 

BART ( Fig. 5. 2. 4) RETAINED EMBANKMENT TRACKBED !I' 
MARTA ( Fig. 5 -3) CROSS SECTION JUN 11 

FIGURE 4- 5.3 



R/W 

STANDARD FENCE 

2 (60cm)MIN 
I0

1
(3m.) MIN. 

J_ 

1J ORIGINAL 
GROUND 

l
1
(30cm)MIN. 

DITCH WHERE REQUIRED 

2:1 CUT SLOPES OR AS RECOMMENDED IN 
MATERIALS REPORT. PLANTED SLOPES 
SHOULD NOT BE STEEPER THAN 2:1 

I0
1
(3m)MIN. 

NORMAL POSITION 
OF CUT SLOPE 

4 - 5.13 

l.5
1
(45cm)MIN.' 

4.5
11

(10cm) OR 1
1 
(30cm) WHERE BENCH INTERVALS S WIDTH 

AS REQUIRED BY MATERIALS 
REPORT. 

i------EDGE OF TRACKBED 

---WALKWAY 

BALLAST ..__ __ EXTENSION ARMS ARE INCLINED 
OUTWARDS 

EDGE OF TRACKBED---~ 

WALKWAY---­

BALLAST--i 

SUBBALLAST 

CUT 

R/W 

2'(60cm)MIN. 

PROVDE 2'(60cm) BENCH WITH DITCH 
m) 1 WHERE FEASIBLE 

. I I I 
2(60cm) 

MIN. MIN. 

STANDARD FENCE 

I 

PROVIDE THIS BENCH ONLY WHERE NECESSARY 
TO CATCH FALLING MATERIAL FROM SLOPE. 

4.5
1 

5.5
1
MIN. 

(140cm) 

/0:f, ,::, ,:; 

l.5
1
MIN.(45cm) 

SUBBALLAST 

SUBGRADE 

l
1
(30cm) MIN. 

BELOW SUBGRADE 

..._ __ SUBGRADE 
~/?;._°/\_,_ ___ __._...__ 

10:/ I I --11------i r-- 7 ,_. 4.5
11

(10cm) OR I 1(30cm) WHERE EXTENSION 

[ 

ARMS ARE INCLINED OUTWARDS 2:1 FILL SLOPES OR AS RECOMMENED 
IN MATERIALS REPORT. PLANTED 
SLOPES SHOULD NOT BE. STEEPER 
THAN 2:1 

FILL 

l
1

(30cm)MIN. 

l.5
1
MIN. (45cm) ..--------------...----------------------~ 

DITCH WHERE REQUIRED SOURCES R A I L T R A N S I T C R I T E R I A ,. 
BART ( FIG. 5.3.5 a 5.3.6) 

MARTA (FIG. 5-4 a 5-5) 

CUT AND FILL 
HALF-TRACKWAY SECTIONS 

FIGURE 4-5.4 

/MrrllV 
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4-6 HORIZONTAL ALIGNMENT 

The horizontal alignment of mainline tracks consists of tangents 

joined to circular curves by spiral transition curves. Spirals are 

generally not used in yards and service areas. 

Curvature and superelevation are related to design speed and to the 

acceleration and deceleration characteristics of the design vehicle 

as discussed in Section 3-2, Subsection B. Wherever possible, track 

geometry is designed for maximum vehicle operating speed considering 

vehicle performance characteristics, station spacing, and vertical 

and horizontal alignment. These relationships are described in 

Section 3-9. 

A. Control 

Routes are stationed throughout their length along the centerline 

of the mainline track in the direction of travel. 

B. Minimum Tangent Length 

The tangent length often 
or 100 1 (23 m or 30 m). 

acceptable minimum above 
by the following formula: 

Where: 

L=Min. tangent length, 

specified as an absolute minimum is 75 1 

A preferred minimum is 200 1 (60 m). An 

the absolute limit is usually determined 

L=3V L=0.6V 

feet meters 

V=Design velocity through tangent, mph kmph 

At stations employing platforms, it is desirable to extend tan­

gent alignment 75 1 (23 m) beyond the platform in each direction. 

The introduction of curvature into or through a station may be 

considered in locations such as freeway medians. A radius on the 

order of 3,000 1 (915 m) is sometimes designated as an acceptable 
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minimum in station areas. Curves with lesser radii at station 
approaches should not encroach more than 40 1 (12 m) on pl atfo.rms 

or future extensions, and superelevation should not exceed one 

inch {2.5 cm) within the platform area. Vehicle inswing-outswing 

on curves and clearance gaps at hi gh-1 evel pl at forms are dis­

cussed in Section 4-3. 

C. Circular Curves 

Circular curves are defined by the arc definition of curvature 

and specified by their radii. 

1. Minimum Radius 

The desirable minimum radius for HRT mainline track curvature 

is often specified as 1,000 1 (305 m), but is sometimes as low 

as 755 1 (230 m). Stated absolute minimum mainline values 

range from 750 1 (229 m) down to a radius of 500 1 (152 m). 

The absolute minimum specified for secondary tracks and for 

yard tracks ranges from 350 1 to 250 1 (107 m to 76 m). 

LRT systems can employ similar alignment standards where they 

approach HRT operational standards at one extreme, but they 

may also employ radii on the order of 50 1 (15 m) where appro­

priate for street operation. 

2. Minimum Length 

The desirable minimum length of a circular curve is given by 

the same formula as for tangent length: 

L=3V L=0.6V 

Where: 

L=Min. tangent length, feet meters 

V=Velocity through curve, mph kmph 
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The usual absolute limit for a circular curve length is 100 1 

(30 m), although circumstances may occasionally require that 

a curve be transitional throughout its length. Tracks are 
placed on concentric curves for multitrack alignments. 
Figure 4-6.1 shows circular curve functions and 
abbreviations. 

D. Superelevation 

Superelevation is the height difference between the high and low 

rail and is divided into the following elements: 

Where: 

Er= Total superelevation required for equilibrium. 

Ea= Actual superelevation to be constructed. 

Eu= Unbalanced superelevation (difference between Er and Ea)• 

Allowable values for superelevation (actual and unbalanced), and 
the manner in which they are applied, are similar for different 
HRT systems, but do show some variation. One representative set 
of values and a typical methodology have been selected for the 
sake of consistency and continuity 
elevation inmediately following. 
Figure 4-6.2. 

1. Maximum 

in the presentation of super­
These values are shown in 

For running tracks in tunnels or in cut and cover structures, 
the absolute maximum actual superelevation (Ea) is limited 
to 4 inches or 10 centimeters. 
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For running tracks on surface construction and on aerial 
structures, the desirable maximum actual superel evation 

(Ea) is 4 11 or 10 cm. In instances where an increase in 
actual superelevation would permit an increase in the design 

speed of a section of alignment, an absolute maximum of 611 or 
15 cm may be used. 

The maximum unbalanced superelevation (Eu), which is 

applied throughout a system, is typically 4 1/2" {11.5 cm) 
for HRT, although 311 (7.5 cm) or less is cited as a preferred 

value. 

For LRT operations in San Francisco, MUNI follows the AAR 

recommended a 11 owance of 311 ( 7. 5 cm) for unba 1 anced 

superelevation. 

2. Amount 

Superelevation may be determined by the following formula: 

Where: 

V=Velocity, mph kmph 

R=Radius of curve, feet meters 

Ea=Actua l super., inches centimeters 

Eu=Unbal. super., inches centimeters 
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When Eu equals zero, Ea is the equilibrium supereleva­

tion. Calculated values of actual superel evation (Ea) are 

rounded to the nearest one-quarter inch (one-half centimeter). 

The relationship between superelevation, curvature, and design 

speed is shown on Figure 4-6.2. 

3. Application 

Yard and secondary tracks are usually not superelevated. 

Superelevation is specified and applied in 1/4" or 0.5 cm 

increments. For a calculated superelevation (Er) of 1/2 11 

or 1.5 cm (or less), no actual superelevation (Ea) need be 

provided. 

Unbalanced superelevation (Eu) varies from a desirable zero 

to an absolute maximum of 4 1/2" (11.5 cm). Unbalance is 

held at zero until Ea reaches the preferred maximum of 4 11 

(10 cm) or the absolute maximum of 611 (15 cm). Actual super­

elevation (Ea) is then maintained at these values until the 

total Ea + Eu is equal to the preferred 8 1/2" (21.5 cm) 

or the absolute maximum of 10 1/2" (26.5 cm) for surface 

construction. At this point a limit is placed on speed of 

operation. 

Actual superelevation is attained or removed linearly 

throughout the full length of the spiral transition curve. 

This is normally done by raising the rail farthest from the 

curve center while maintaining the top of the inside rail at 

profile grade. 

There are exceptions to the general rule that superelevation 

is held constant through the circular curve and is attained 

and removed in spiral transitions by raising the outer rail. 

These special cases are discussed in Parts 4 and 5 immediate­

ly following and in subsequent Subsections F, G, and H. 
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4. Subways 

In some subways, superelevation is obtained by raising the 

outer rail and lowering the inner rail 1/2 of the total 

amount of required superelevation. In circular tunnels this 

may be done by rotating the track about the axis of the 

tunnel and adjusting the centerline of the tunnel to compen­

sate for the resulting vertical and horizontal offsets. 

5. Variations in Operating Speeds 

A variation in vehicle or train operating speed through a 

curve will result wherever a curve lies in an acceleration or 

deceleration zone. In such a case, the superel evation is 

varied along the curve so that a more or less uniform unbal­

anced superelevation (Eu) will be maintained. If reason­
ably uniform values cannot be obtained, use of a compound 

curve or an extra long transition spiral should be 

considered. 

"Non-design" operating speeds through a curve can also result 

from running through a station in skip-stop, express opera­

tion. Since such run-throughs should occur only occasional­

ly, all curves adjacent to stations are designed for station­

stop operations and maximum run-through speeds are limited by 

the maximum allowable unbalanced superelevation. 

In curves ilTITlediately adjacent to stations, and in other 

curves which have wide speed variations, the superelevation 

between the head and tail ends of a maximum length train must 

be checked. The difference in unbalanced superelevation 

between train ends should not exceed the limits defined by 
plus to minus values for allowable unbalanced superelevation. 
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F. Spiral Transition Curves 

Spiral transitions are used in mainline tracks to connect curves 

and tangents and to provide superelevation transition length. 

For multitrack layout, where tracks follow the same general 

alignment, and where the distance between track centers in the 

circular curve is the same as for adjacent tangents, the tracks 

are placed on parallel spirals. If the distance between track 
centers in the circular curve is different from that in the 

tangents, each spiral is a 11 true 11 spiral and its geometry is 

defined individually. 

Figure 4-6.3 shows functions and abbreviations for the Barnett 

spiral used in this manual. 

1. Minimum Length 

The absolute minimum length for a mainline spiral is 100 1 

{30 m). The minimum length for spirals more than 100' {30 m) 

long is the greater of the lengths given by the fo 11 owing 

formulas: 

Ls=50Ea Ls=6Ea 

Ls=l. 22EuV Ls=0.091EuV 

Where: 

Ls=Min. spiral length , feet meters 

Ea=Actual superelevat ion, inches centimeters 

Eu=Unbalanced super., inches centimeters 

V=Design velocity, mph kmph 

The relationship between superelevation and spiral length is 
shown on Figure 4-6.4. 
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In instances where available space is insufficient for the 
length of spiral required to maintain Eu=0 until maximum 

Ea is reached, Ea is reduced and Eu is increased in 
order to achieve maximum design speed. In such cases, maxi­

mum speed is achieved for a given length of spiral by adjust­

ing Eu as follows: 

Eu= 4tEa Eu= 6~Ea 

Where: 

Eu=Unbalanced super., inches centimeters 

Ea=Actual superelevation, inches centimeters 

V=Design velocity, mph kmph 

2. Right-Angle Turns 

Appendix A-6 shows a curve solution for a minimum radius, 

double-track, right-angle turn appropriate for LRT street 

running. The geometry will accommodate SLRV operation and 

permit two vehicles to meet and pass on the curve. 

3. Curves Without Spirals 

As a practical consideration, transition spirals for simple 

curves are omitted where the length for spiral (Ls) divided 

by the radius of circular curvature (R) using either feet or 

meters, is less than 0.01. Where the spiral is not provided, 
the superelevation is attained over equal lengths of tangent 
and curve throughout the greater of the lengths given by the 

fonnulas in preceding Part 1. 
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G. Compound Circular Curves 

Where compound circular curves are required, a ·spiral is inserted 
between the circular curves. The minimum length of such a spiral 
is the greater of the lengths as determined by the earlier 

formulas, modified as follows: 

Where: 

Ls=Minimum length of spiral in feet or meters as before, 
and the added subscrfpts 1 and 2 denote the first and 
second circular curves. 

H. Reverse Curves 

If circumstances do not permit the minimum tangent length to be 
accommodated between reversing curves, the transition spirals 
may meet at the point of reverse curvature and the superelevation 
transition may be accomplished as shown in Figure 4-6.5. This 
situation is to be avoided if at all possible, because at Point A 
both rails are above profile grade through the transition (a 
maximum at Point A) and this creates problems with respect to 
vehicle clearance and ballasting. Clearances must be based on 
actual rail elevation. 
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I = TOTAL INTERSECTION ANGLE 

es = SPIRAL ANGLE = ':&f IN U. S. UNITS = ~~ IN METRIC UNITS 

6 = CENTRAL ANGLE OF CIRCULAR CURVE = 1- 201 
R = RADIUS OF CIRCULAR CURVE 

T = TANGENT LENGTH OF CIRCULAR CURVE = R TAN i 
L = LENGTH OF CIRCULAR CURVE=~ 11' R 

E = EXTERNAL DISTANCE = R EXSEC 2 
Ts = TANGENT LENGTH FROM T. S. TO MAIN P. l. = (R + P) TAN i + K 

P.C. = POINT OF CURVATURE 

P.T. = POINT OF TANGENCY 

T.S. = TANGENT TO SPIRAL 

s.c. = SPIRAL TO CURVE 

c.s. = CURVE TO SPIRAL 

S.T. = SPIRAL TO TANGENT 

P.I. = POINT OF INTERSECTION 

NOTE: SEE FIG. 4-6.3 FOR SPIRAL CURVE FUNCTIONS a ABBREVIATIONS 

SOURCES: 

WMATA 

BRRTS 
SCRTD 

(Fig.m • 5) 

(Fig. Dr . 4) 

(Fig.Ill - 3) 

RAIL TRANSIT CRITERIA 

CIRCULAR CURVES 
FUNCTIONS AND ABBREVIATIONS 

FIGURE 4-6.1 
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U.S.UNITS METRIC UNITS 

9a=SPIRAL ANGLE= 
Ls·De 
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5,729.578 
De (DEGREE OF CURVE-ARC DEFINITION)= R 
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Lt·De 
60.96 
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R 

_ !12 694 686 68e 6810 6812 
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4-7 VERTICAL ALIGNMENT 

Profile grade represents the elevation of the low rail. When only 

one track profile is given for curved alignment, the profile of the 

second track is adjusted unifonnly to accommodate the difference in 

length through the curve. No compensation of grades is required for 

horizontal curvature. 

All changes in grade are connected by parabolic vertical curves. 

Stations and special trackwork such as turnouts and crossovers are 

located preferably where both horizontal and vertical alignment are 

tangent. 

Most of the following vertical alignment criteria have been developed 

specifically for HRT systems, but they may be used equally as well 

for LRT systems where appropriate. However, at times the criteria 

for LRT vertical alignment may need to confonn to street profiles 

within the limits of vehicle performance capabilities. 

A. Grade Rates and Lengths 

All grades should be at the lowest percentage that is practical. 

1. Mainline 

The desirable maximum grade specified for mainline track 

between stations on systems is usually 3 percent; 4 percent 

is often allowed, but seldom more. In exceptional circum­

stances, such as split-level junctions, the maximum 4 percent 

grade may be increased to 5 percent on down grades only. 

A minimum grade of zero percent is acceptable for at-grade 

construction. A minimum grade of 0.25 percent should be 

maintained for underground and aeri a 1 structures to accommo­

date drainage. 
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As noted in Section 3-2, Subsection B, plus 6 percent and 

minus 8 percent might be considered desirable maximum grades 

for LRVs, with pl us 8 percent and minus 10 percent being 

allowable under some circumstances. These values are fairly 

representative for modern LRVs generally, but if LRT system 

design (or vehicle selection) is to be directly influenced by 

vehicle capabilities and desired perfonnance, then specific 

vehicle information must be matched against system policies. 

Appendix A-4 shows some significant differences in LRV 

performance characteristics. 

The minimum length of constant profile grade between vertical 

curves on mainline HRT track is often determined by the fa­

miliar formula: 

L=3V L=0.6V 

Where: 

L=Min. length of grade, feet meters 

V=Design velocity through tangent, mph kmph 

The absolute minimum length of constant grade is sometimes 

set at 75' (23 m), but more often at 100' (30 m) on new and 

proposed HRT systems in this country. 

2. Stations 

The maximum grade permitted through stations on modern HRT 

systems is frequently in the 0.30 to 0.50 percent range, but 

1.0 percent is also prevalent where stations are not used for 
vehicle storage. 

A minimum grade of zero percent is usually permissible in all 

station areas if drainage can be accommodated. 
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As with horizontal tangents, it is desirable to extend con­

stant grade tangents 75' {23 m) beyond the limits of station 

pl at forms. 

3. Yard and Secondary Tracks 

For yard and secondary tracks in general, the minimum grade 

is usually specified as 0.20 or 0.30 percent and the maximum 
grade is coITDTionly 1.0 percent. 

For storage tracks, a level grade is often permissible and 

0. 30 percent is a frequently stated maximum. Stub-end stor­
age tracks should slope away from the turnout, and through 

storage tracks should have a sag in their profiles where 

feasible. 

Turnback and center pocket tracks to be used for train stor­

age and train consist changes should al so be 1 imited to a 

maximum grade of 0.30 percent. 

Tracks located within shop buildings should be held to a 

1 evel grade. 

B. Vertical Curves 

All changes in grade are connected by parabolic vertical curves 

at crests and sags. Figure 4-7 .1 i 11 ustrates vertical curve 

types and the elements of a standard vertical curve. 

1. Mainline 

For mainline track the absolute minimum length of vertical 
curve is usually established at 100' {30 m). The preferred 

minimum length is 200' {60 m). The length of mainline 

vertical curves above the minimum is most often determined 

by: 
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Where: 

L=Length of vert. curve, feet meters 

% 

Under normal operating conditions, this formula limits cen­

tripetal acceleration to less than one foot (0.3 m) per sec­

ond which has been found to be an accept ab 1 e rate of change 

for passenger comfort. 

Where vertical and horizontal curves are combined and unbal­

anced superelevation (Eu) exceeds 1" (2.5 cm), the length 

of vertical curve should be increased to 200 (G1 - G2) 

feet or 60 (G1 - G2) meters. 

2. Stations 

It is desirable to extend a constant profile grade 75' (23 m) 

beyond platform limits where feasible. It is also desirable, 

where feasible, to roll profile grade up and down at station 

stops. As mentioned in Section 3-2, Subsection B, this helps 

braking and acceleration. It saves energy and permits under­

ground stations to be constructed at a lesser depth. With 

grades ascending to and descending from stations employing 

pl at forms, the PVIs should be located so that not more than 

one-fourth of the vertical curves will encroach on the 

pl at form. 

If a grade of more than 1.0 percent ascends from a station, 

the PVI should be 1 ocated at a di stance of 50 (G1 - G2) 

feet or 15 (G1 - G2) meters beyond the end of platform. 



4-7 .5 

3. Yard and Secondary Tracks 

Some transit systems do not establish minimum vertical curve 

1 engths for yard and secondary tracks. Suggested minimum 

lengths for vertical curves at critical locations off the 

mainline are shown in Figure 4-7.1. 

Where branch track joins mainline track from a different 

grade, the vertical curve should end sufficiently clear of 

the actual point of switch to provide for common track ties. 
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4-8 ALIGNt-ENT AESTHETICS 

Aesthetics of alignment are considered where horizontal or vertical 

curves, or combinations thereof, create disturbing visual effects in 

sensitive areas where at-grade or aerial construction can be observed 

from off the right of way or from a station platform. 

The following criteria should be considered where applicable: 

A. Horizontal Curves 

o The appearance of a kink created by a circular curve at the 

end of a long tangent can be diminished if the length of the 

curve equals or exceeds one-twelfth the radius. 

o The 1 anger radius of a compound curve should not exceed the 

shorter by more than 50 percent. 

o Broken-back curves (in the same direction) should be 

separated by a tangent at least 1,500 1 (450 m) in length. 

B. Vertical Curves 

o Both sag and crest vertical curves should be as long as pos­

sible, especially if connecting long constant-grade lines. 

o Broken-back vertical curves should be avoided. 

o The tops of rails and edges of aerial structures should be 

checked to avoid a roller-coaster appearance. Profiles 

plotted to a distorted scale are helpful in this analysis. 

C. Combined Horizontal and Vertical Curves 

o Preferably, vertical control points (PVC, PVT) should lie 

either completely inside or completely outside of horizontal 

control points (TS, SC, CS, ST). 
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o Short horizontal curves at sags and crests should be avoided. 

o If a horizontal curve begins or ends in a vertical curve, 

especially a sag curve, great care should be taken to produce 

a pleasant visual effect. 
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DEFINITIONS 

A-Car -- Rail car with operating cab and controls. 

Articulated Car -- A rail car consisting of two or more units free to swivel 
with the inner ends usually carried on a common truck at the articulated 
joint. 

Balancing Speed -- A speed, less than cruise velocity, that a vehicle main­
tains when neither accelerating or decelerating on an upgrade. 

Ballast -- Specified material, usually crushed stone, placed on the trackbed 
to hold track in line and elevation. (Material should distribute load, 
drain well, and resist plant growth.) 

B-Car -- Rail car without attendant's cab and complete operating controls. 

Block -- A defined length of track. 

Block Signal System -- Standard railway signaling system for controlling 
headways using a fixed signal at the entrance of a block to govern the 
trains entering the block. 

Bolster -- A cross member of the underside of a car body and in the center of 
a truck, through which the weight is transmitted. 

Broad Gauge A railway track gauge more than 4 feet 8 1/2 inches 
(1,435 mm). 

Cab -- The space in a self-propelled rail car containing the operating 
controls. 

Catenary -- A suspended contact wire for electric power supply. (The current 
is gathered by the vehicle using either a pantograph or trolley.) 
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Center Pin -- A large bolt which passes through the center plates of the b9(Jy 
bolster and truck bolster. 

Center Plates -- A pair of plates which fit one into the other and which 

support the car body on the trucks, allowing them to turn freely under 

the car. (The center pin passes through both, but does not really serve 

as a pivot.) 

Center Platform Station -- A transit station with one platform located 

between two tracks. 

Center Si 11 

of a car. 

The central longitudinal (backbone) member of the underframe 

Chopper -- A sol id-state electronic device used to control traction motors. 
Chopper equipment supplies DC energy to the propulsion motors by very 

rapidly turning the motor current on and off in a controlled pattern. 

Clearance Envelope -- The cross sectional shape required to provide specified 

horizontal and vertical clearances for a rail vehicle in motion. 

Clearance Point -- The point where the minimum distance between converging/­

diverging tracks is sufficient to meet clearance envelope requirements 

when vehicles are on both tracks. 

Consist -- The makeup or composition of a train of vehicles, their number and 

specific identity. 

Contact Rail -- See "Third Rail". 

Continuous Welded Rail (CWR) -- Railway track with welded joints providing a 

smoother running surface and thereby a smoother ride. 

Conventional Rail (CR) -- Transportation utilizing trains of steel wheeled 

vehicles operating on duo-rail steel tracks. 
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Cruise Velocity -- The forward speed that a vehicle normally maintains wien 

it is not accelerating or decelerating. 

Crush Capacity -- The maximum passenger capacity of a vehicle considering 

that the spacing between standing passengers is zero and one more 

passenger cannot enter without causing serious discomfort. 

DC/AC System -- DC pickup from electrified line, AC propulsion system. 

Dwell Time -- The time a vehicle or train requires to discharge and take on 

passengers at a station (including opening and closing doors) and time 

spent standing in station. 

Dynamic Braking -- Electromagnetic braking using the motors as generators. 

Effective Velocity -- The speed that a vehicle travels, including dwell times 

at stations and acceleration and deceleration. (Calculated by dividing 

trip distance by total elapsed time to complete trip.) 

Electrified Rail System -- Rail operations in wiich vehicle propulsion is 

provided by electric power picked up by a shoe from a third rail or by 

pantograph or trolley from an overhead contact wire. 

Electronic Coupling -- Very close headway between vehicles to form trains 

without physical contact between cars. 

Electropneumatic Brake -- Used on long, high-speed electric trains (such as 

in a subway). Provides means for applying and releasing air brakes on 

each car instantaneously and ~multaneously, eliminating any tendency to 
surge. 
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Emergency Braking -- Irretrievable, unmodulated braking usually at higher 
retardation rate than obtained with a maximum service braking. (Once 

initiated, the brake application cannot be released until the train has 

stopped.) 

Equilibrium Superelevation -- When the centrifugal (outward) force is totally 

r esisted by the component of the weight of vehicle parallel to the plane 

of superelevation. 

Exclusive Right of Way -- Land area or other space devoted to the exclusive 

use of a transit system. 

Fixed Block System -- An automatic train control system maintaining a fixed 

headway using a fixed block with track circuits to detect train presence 

and to supply some or all of the commands to the trains. Uses block 

signal system or some other means of controlling train. 

Flange -- The inside rim of a rail car wheel which projects below the tread. 

Friction Braking - - Braking by use of shoes against wheels. 

Frog -- A track structure used at the intersection of two running rails to 

provide support for wheels and passageways for their flanges, thus per­

mitting wheels on either rail to cross the other rail. 

Gauge (Track) -- Distance between the inside face of rails, usually measured 

5/8 of an inch {1.59 cm) below the top of the centerline of heads of 

running rails and at a right angle thereto. 

Guard Rail (Track) -- A rail or other structure laid parallel with the run­
ning rails of a track to prevent wheels from being derailed, or to hold 

wheels in correct alignment t o prevent their flanges from striking the 

points of turnout or crossing frogs or the points of switches. 
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Headway -- The interval between vehicles or trains expressed either in units 
of time or in distance, measured from nose-to-nose (not tail-to-nose) at 
a stated speed. 

Interface -- Transfer activity and the facilities required for transfers 
between transportation modes, e.g., bus to rapid transit, etc. 

Jerk -- Rate of change of acceleration or deceleration (measured in feet or 
meters per second per second per second, for example). 

Joint (Rail) -- A fastening designed to unite the abutting ends of contiguous 
rails. 

Lateral Motion -- Side-to-side movement of a transit vehicle. 

Line Capacity -- The hourly volume that could be carried if every vehicle 
operated at the minimum headway which the control system permits. 

Load Factor -- Ratio of total passengers to number of seats. 

Magnetic Coupling -- Coupling by energized electromagnets. 

Manual Train Control 
operator. 

Train movement completely controlled by the 

Married Pair -- Two rail cars which are operated as a unit. 

Maximum Service Braking -- The normal maximum unmodulated braking effort 
employed to stop a train. (The brake can be released and reapplied.) 

Mechanical Coupling -- Coupling by railroad car knuckle couplers, for 
example. 
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Moving Block System -- An automatic train control system permitting trains to 
be spaced on a track according to rel ativ-e velocity as well as train 
location. 

Narrow Gauge 
(1435 mm). 

A railway track gauge less than 4 feet 8 1/2 inches 

Off-line Station -- A station in \'nlich vehicles are diverted off the main­
line track for loading and unloading. 

On-line Station -- A station in which vehicles stop on the main track for 
loading and unloading. 

Overpass -- Any structure \'mere the transit system tracks pass over a street, 
highway, railroad, etc. 

Pantograph -- An overhead current collector device usually consisting of two 
parallel, hinged, double diamond frames. 

Pitch -- Rise and fall "porpoising" motion about the transverse axis of the 

vehicle. 

Pneumatic Coupler -- An automatic connector \'nlich links pneumatic trainl ines 
together between rail cars. 

Property -- The general term given to a transit system. 

Regenerative Braking -- Dynamic braking where the power generated by the 
traction motor is returned to the system. 

Resilient Wheel -- Wheel with impact absorbing material between the tread and 
axle to reduce noice, vibration and wear. 
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Restraining Rail -- A rail placed parallel to the inside running rail on a 

curve to restrain the wheel flange and reduce wear on the outside running 

rail. 

Ride Quality -- A measure of the comfort level experienced in a moving vehi-

cle. Partially defined by vibration frequency, acceleration, jerk, 

pitch, yaw, and roll. 

Roll -- Motion about the longitudinal axis of a vehicle. 

Running Time -- The elapsed travel time between points along a route. 

Shoulder (Track) -- That portion of the subgrade or subballast, lying between 

the ballast covered portion and the ditch in cuts and the top of slope on 

embankments, serving as a walkway. 

Shops -- Structures which shelter transit vehicle construction and repair 

activities. 

Siding -- A length of track adjacent or parallel to the main track connected 

by switches at each end. (Used for meeting or passing trains.) 

Special Trackwork -- All rails, track structures and fittings (including 

switches and turnouts) other than plain unguarded track that is neither 

curved nor fabricated before laying. 

Spiral -- A form of easement (transition) curve in \'lhich the rate of change 

of curvature is uniform throughout its length. 

Standard Gauge -- A railway track gauge that measures 4 feet 8 1/2 inches 

( 1435 mm). 

Subballast -- Specified material placed above the finished subgrade and below 

the ballast to provide better drainage and better load distribution to 

the subgrade. 
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Subgrade (Track) -- The finished surface of the basement material below the 

ballast or subballast. 

Superelevation (Track) -- The vertical distance that the outer rail of a 

curved track is above the inner rail. 

Suspension -- The system of wheels and axles which support the vehicle on the 

track and the springs and dampers which further isolate it from shocks 

and vibration. 

Sway -- A side-to-side oscillation or fluctuation of a transit vehicle. 

Switch -- A track structure used to divert rolling stock from one track to 

another. 

Terminal -- An area or building which serves for the pick up, transfer or 

discharge of passengers or goods. 

Third Rail -- An electric conductor (contact rail) located alongside the 

running rail from which power is collected by means of sliding contact 

shoe attached to the truck of an electric vehicle. 

Third-Rail Shoe -- An insulated metallic sliding contact mounted on the truck 

of an electric transit vehicle for collecting current from an insulated 

third-rail located alongside the running rails. (Positive contact be­

tween shoe and rail is maintained by gravity, a spring or by pneumatic 

pressure). 

Tie Plate -- A metal plate at least 6 inches wide (and long enough to provide 

a safe bearing area on the tie) with a shoulder to restrain outward 

movement of the rail. 
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Top of Rail Profile -- The profile line representing the elevation of the top 

of the running surface of rails. (Where superelevation occurs, the top 

of rail profile represents the inside or lowest running rail unless 

otherwtse indicated.) 

Trackbed -- The finished surface of the subbal last or subgrade bet...,een out­

side edges of the shoulders. 

Trackway -- That portion of a transit system line included between the out­

side lines of curbs or shoulders, cut or fill slopes, ditches, channels, 

waterways, and including all appertaining structures. 

Trackwork -- The rails, switches, frogs, crossings, fastenings, pads, ties, 

and ballast or track support slab over which transit cars are operated. 

Trolley -- A pole-type current collector operating in connection with an 

overhead contact wire. 

Truck -- A general term for the complete four-wheel assembly which supports 

each end of the car body. (It is attached to the body by a pair of 

center pl ates which function as a pi vat.) 

Turnout -- An arrangement of a switch and a frog with closure rails by means 

of which rolling stock may be diverted from one track to another. 

Unbalanced Superelevation -- The amount (vertical distance) that the actual 

superelevation is less than that required for equilibrium superelevation 

for vehicles traveling at maximum authorized speed. 

Underpass -- Any transit system structure, regardless of structure type, 

where the transit system tracks pass under a street, highway, railroad, 

etc. 
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Vehicle Capacity -- The ,normal maximum number of passengers that the vehicle 

is designed to accommodate comfortably, but which may be exceeded under 

crush load conditions. 

Wayside Control -- A system of electronic or mechanical devices alongside the 

track for controlling the vehicles. 

Yard -- A system of tracks within defined 1 imits provided for making up 

trains, storing cars, and other purposes. 

Yaw -- Veering motion as vehicle heading deviates from track alignment. 
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1,930 2. 19 125. 9 - 442 0.29 155.9 

127 0 . 79 94.4 1.3 129 0 . 29 88. 9 

- - 16.6 - 60 - 37.4 

394 2. 90 37 . 2 - 534 0. 31 92.6 

- - 5.6 0 . 4 14 0.44 3.0 

225 1.02 78. 0 3.2 242 0.32 115.3 

30 0. 70 52 . 5 - 351 0.26 76 

223 8. 74 7.6 - 29 0.27 34. 2 
240 2.20 68. S - 805 0. 17 66 
160 1. 61 181.6 - 980 0 . 26 266.9 
- 0 . 56 29. 1 - 110 0.28 8. 9 

- 1.04 8 2. 0 13.0 - - 37.5 

so 0. 20 13. 1 0 ** 29 0.33-1.0 3. 7 

15-2,000 0 .20-9 . 00 5- 180 0-1 3 15-1,300 0.16-1.0 3-440 
50-400 0 . 20- 2. 50 10- 140 (0) 30- 500 0. 20-0 . 40 9- 150 

* Utili z in g s tru c tures on ly; cut o r fill loca tion s co n s ide re d "at g rade" . 

** 25 o f 49 Crossin gs a re gra de separate d . 

No. 
of 

Vehicles 

166 
375 

76 
133 

53 
279 
546 
125 

114 
415 
149 
358 

140 
427 

57 
184 

101 
42 

312 
701 

661 
631 
351 
122 

195 
24 

455 
234 

62 
390 

1,645 
39 

382 

55 

25-1,600 
90-650 

Single Direction Line Capacity 
(Passengers/ Hr) 

Highest Capacity Line Lowest Capacity Line 

Peak Period Off-Peak Peak Period Off-Peak 
Oper. Oper. Oper. Oper. 

- - - -
5,220 2,610 4,080 2,040 
3,520 1,056 1,760 880 
1,810 535 712 356 

1,518 306 1,518 306 

5,433 1,148 2,508 836 

3,160 2,370 670 540 
1,800 1,200 400 200 

2,061 458 1,374 372 

- - - -
2,000 1,000 500 400 

1,920 720 1,440 480-960 

2,736 218 654 218 

1,200 900 500 400 

2,535 1,014 468 234 

9 ,000 - - -

1,040 480 640 480 

- - - -
2,556 639 1,065 426 

3,640 1,950 780 650 

40,000 18,000 - -
4,478 1,292 1,080 864 
1,820 - 840 -

- - - -
4,700 2,650 1,380 1,290 
1,690 320 - -
3,900 1,300 1,270 650 

2,000 440 600 220 

2,112 1,536 - -
5,625 1,875 1,125 750 

- - - -
720 480 - -

4,900 980 1, 176 588 

5,000 550 - -

700-40,000 200-18,000 400-4 , 10 0 200- 2 ,000 
1, 200- 5, soo 450-2 ,600 500- 1, soo 200-900 
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CITY 

Athens 
Barcelona 
Budapest 
Frankfurt 

Glasgow 
Helsinki ( 1980) 
Lisbon 
London 

Madrid 
Milan 
Montreal 
Munche,:1 

Nurnberg 

Oslo 
Paris (Regional) 

Rotterdam 

Stockholm 

Sydney 

Tokyo 
Torooto 

Wien 
Atlanta 

Bal timbre 
Boston 

Chiicago 
Cleveland 
NY (PATH) 
SF (BART) 

Wash. DC 

Extreme Range 
Typical Range 

Area Served System Mileage Stations Total 

Ave. 
Annual 

Square Population Above or 
Total Below No. Spacing Passengers 

Miles (Millions) Grade':, (Mlles) (Millions) 

386 2.54 16 1 2.4 20 0 . 85 90. 7 
16 l. l 25 7 25 1 63 0.42 253 9 

203 2 6. 2 5 4 11 0.62 166 5 
238 1. l 38. 7 5 2 52 0. 34 45 8 

13 - 13 1 13. 1 15 0.44 14 
19 0. 13 6 5 2. 1 8 0.93 39 

5 0.20 7.5 7 . 5 20 0.39 84. 6 
630 7. 35 280 99 278 0 . 16-3. 9 644 

- - 41. 1 37.4 98 0 . 4 540 
- 4 .0 23. 2 16. 3 48 0.5 134.9 

144 l. 9 13. 7 13. 7 26 0. 55 130 
164 l. 8 9.0 7.2 17 0. so 59 6 

127 0. 79 3.5 1. 7 9 0.43 10.2 
15 0. 15 25. 5 4.6 38 0.5 32 
70 3.0 46.7 3+ 51 1.08 138.8 
- - 11 - 12 1.0 -

- 1.49 55. 8, 33 .0 89 0.69 169 

927 2.7 565 5.7 165 l. 36 214. 9 

223 ' 8. 7 24.4 24.4 42 0.6 278. 2 

- - 26.6 23. 5 49 0. 55 185. 9 

160 l. 61 27.5 - 25 0.59 06. 7 

799 1.0 52. 8 26. 3 39 1.5 83. 6 

700 \, 79 28.0 20. 0 21 l. 4 76. 5 

977 2. 17 28.4 13.8 42 0. 7 -

285 4.0 89. 4 59.0 142 0.63 94.0 
380 1.7 19.0 - 18' 1.0 11. 3 

30 4.0 13.9 7.8 13 1. 2 38. 1 
1,528 2.4 71.0 44.0 34 2.2 31. 1 

485. 2. 48 98 .0- 57.0 86 1. 14 274 

5-1,000 0. 1-9. 0 4-560 0-100 8-280 0. 33-2. 24 , 10-650 

15-1,000 1.0-4.0 7-100 5-60 10-100 ' 0.4-1,_. 4 10-2_7 5 

* Utilizing structu res only; cut or fi,11 locati-qns con_sidered "q,t grade.''. 

:J:Range d~sregards London's spacing. 

Number 
of 

Vehicles 

135 
283 
100 
10 l 

43 
45 
70 

4,379 

697 
311 

369 
54 

14 
135 
469 

71 

863 
1,103 

308 

470 

328 
100 
160 

338 

1,094 
116 
298 

450 

300 

14-4,400 

40-1,000 

Single Direction Line Capacity 
(Passengers/Hour) 

Highest Cap. Line Lowest Cap. Line 
Peak Per. Off-Pk. Peak Per. Off-Pk. 

Oper. Oper. Oper. Oper. 

12,308 5,430 -
20,400 19,200 12,480 12,480 
19,000 10,000 - -

- - - -

3, 160 2,980 3. 160 2,980 
- - - -

12 ,000 4,800 6,000 2,400 
- - - -

36,000 - 31,300 15,000 

I 36, 168 7,535 34,716 7,233 
37,440 15,840 12,480 4,800 

I 10,440 2 , 320 6,960 1, 160 

10,032 1. 672 - -
7,140 3,400 2,720 1,360 

56,800 . 15,500 31,000 13,800 
23 ,200 3,500 - -

36,600 14,400 9,360 3, 120 
84,320 21,080 25,296 2,432 
24,480 12,240 13,500 9 ,000 
77,000 25,000 51,500 23,000 

- - - -
9,000 l, 200 5,000 600 

19,800 5,280 19,800 5,280 
17, 2_80 - 16,200 -
15,000 1,800 1,000 200 

· 18,360 1,800 - -
27,000 2,000 8,000 2,000 
14,400 5,760 7,200 2,880 

42,000 8,GOO 21,000 4,300 

3,000-84,000 1, 200-25,000 1,000-35,000 200-23,000 
10,000-40,000 1, 700-20,000 2, 700-3 1, 000 1, 200-15,000 
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LRV DATA SUIIIIARY 

FEATURE 

LI•n11,th <Ho<h l 

lk•11th1 R,.,1 to Roof 

Number of Doorl'i 

Truck Sp:.,nntt 

Track G.tuge 

Number of Morors 

R<1tini;: per Motor 

Lme Volt.ige 

Power Collect1on 

Maximum Grade 

Se-f\"IC(' Al·ce!('r;lt\On 

Service [)(>l·e!era11on 

Emergl!'nc~· Decl!'ll!'rnlion 

Service M;,x1mum Jerk 

Mu,. Vert. Curve - Sai;: 

Min. Vl"rt. Curve• Cn"sl 

Number of Se11ts 

No. Design Ci1p:.c1tv Standl!'es 

An".i per Design Standee 

No, Crush C<i1pac 11y Standees 

Area per Crush St.,nd~ 

Vehicle {Gross) 

Noisl!' (Inside Outside) 

Cost 

CANADIAN LIGHT RAIL 

VEIIICL~: 1Cl.RV) 

lUJf1. 

10.oi ft. 3.2S2m 

Ji.44 or 22.08 in, 95.0 or ,:;no cm. 

60 1n. 152.4 cm. 

102rn. 259.0 cm. 

2 ON ONE SIDE ONLY 

3.02 ft. 0.920 m. 

Fm•I Step 10 rn, 

F1r.;t Step 25.4 cm. 

25.0 ft i.620 m, 

6.0 ft. l.829 m. 

26.0 m . 6fl.0 cm. 

4.906 ft. 1.49."i m. 

2 ONE EAC H TRUCK 

225 HP 1168 K,.,,·_) 

:">0. 00 mph 

4.84ft. s2 

l 0.27ft. / s2 

Single -10 ft . 
Coupled -36 ft . 

800 ft. 

122ft. 

52,480 lbs. 

il ,660 lbs. 

300 \'de 

600 vdc 

Pantograph 

80.47 Km h 

!8"1, 

3.13 m s 2 

1.12 ml s 3 

Singll!'. 9. 177 m. 
Coupled • 10.973 m. 

243.5 m 

.17.1 9 m. 

No 

4lor'il 

Up to 90 

23,805 Kg. 

32.504 Kg. 

65 db,\/75 dbA 

(1975) 5360 000 ! 

(1979) $500,000 ! 

Source ~a Tr.ins11 Compendium Vol. II No. 5 1975 
Vol. Ill No. 5 1976-77 

lffPRt-:st:NTATIVt-: SO-FT "" METERS) VEIHCU:s 

P.C'.C. TRAMCAR lJ.S.A 

1-1 . 1.!b m. 

8.JJ It. .! <;JI.Im. 

tu. O h. 3-(J-18 m. 

)4.0 46.25 Ln, 

fronl - 52 1n. 

Front• 24,0 rn. 
F1on1 - 182.1 in. 

Rec11 - ol.O cm. 

i8..0m. 

2 ON EACH SIDE 

2.72ft. 0 829 m, 

38. l 22.S 22.5cm. 

22.75ft. 6.934 m, 

6.00 ft. 1.829 m. 

25 .0 1n. 63.5 ,·m. 

4.708 fL 1.435 m . 

4 ONE EACH AXLE 

55 HP (41 Kw.) 

300 vd(" 

oO0 ,·de 

Trollev 

40.0 mph 6-1.4 Km ' h 

4.6ft .t s 2 

9.5ft. s 2 1.9 m s2 

2.2 m s 3 

V:.nes 

Single or Du;, l 

49 

69 

39 .360 lbs. 17 ,853 Ki;:. 

55 .880 lbs. 25 .347 Kg. 

$15,000 - 532,000 

APPENDIX A-4 (I) 

1'-.UlO m. 

K.5.1 fL !.bOO m. 

10.Ji ft. 1. lbO m. 

40.9S 1n. :o-to cm. 

Sl.18,n. 130.0 cm. 

86.62 in. no.a cm. 

3 ON ONE SIDE ONLY 

2.95ft. 0.900 m. 

14.1 7110.6.1 10.63 in. 

36.0/2i.0/ 2i.0 cm . 

24.61 ft. i.500 m. 

6.23 ft. 1.900 m. 

27.hin . 70.0 cm. 

4.708'1. 1.-B.Sm. 

87 !l P t65 Kw. ) 

60{"1 .. 120 - 200 vde 

Pantogrnph 

4Cl.7 mph 80.0 Km 'h 

+8 - lf!'l, 

4.9ft .. ' s2 1.5 m s 2 

2. l m s2 

65.6 fr . 20.0 m. 

98,tl ft. 300.0 m . 

984. I ft. 300.0 m. 

Jb 

" 
LI fr. 2 0.2 m.2 

147 

0.13 m,2 

.39,69U lhs. 18 00J Ki£. 

6791-.llbs 



APPENDIX A-4 (Z) 

LRV DATA SUIIIARY 

REPRESENTATIVE 70-75 FT (21-23 METERS) ARTICULATED VEHICLES 

FEATURE 

U.S. STANDARD LIGHT RAIL 

VEHICLE 6-AXLE HANNOVER DUWAG 6-AXLE HANNOVER LB 6-AXLE 

l.A-ngth {()yer Coupler•J 73.0 ft. 22.25 111. 68.17 ft. 20. 78 m. 70.01 ft. 21.~m. 

- · 
Width {Bodyl 8.8S4 ft. 2,699 m. 8.203 h. 2.500 m. 8.203 ft. 2.500 m. 

~ight. R11ul to Roof 11.33 fl. 3.453 m. 10. 76 ft. 3.280 m, 10.76 ft. 3.280 m, 

Width, Center Aisle 29. 04/ 44. 76 1n. 73.8/113. 7 cm. 22.56 1n. 57.2 cm. 22.52 in. 57,2 cm • ... 
z 
0 

Ooor-w■ y Width 54 m. 137.2 cm. 63.04 in. 160.l cm. 63,03 in. 160.l cm, 
~ .... • Door•w11y He,1ht 7<; 1n, 190.5 cm. i4.761n, 190,0 cin. 76. 77 in. 195.0 cm. 
0 

► Q Numbrr of Doo"" 3 ON EACH SIDE 4 ON EACH SIDE 4 ON EACH SIDE 
0 ... 

Height. R■ d to Floor 2.ll.Jft. 0.864 m. 3.05 ft. Q,9JQ Ill, 3.05 ft. 0.930 m. 

14 / 10/ 10 1n. IS.35 1 10.79/10.47 in. I S.35/10. 78/10.47 1n. 

Hl"1ght of Stt"ps 
35.6/25.4/ 25.4 cm, 39.0/ 27.4/ 26.6 cm. 39.0/27.4126.6 cm. 

Tnick Spacing 23.0 ft. 7.010m. 19.68 ft. 6.000 m. 20.08 ft. 6.120 m, 

Whttl Bast' 6.0S3 ft. 1.854 m. 5.906 ft. 1.800 m, - -

~ 
Whet:! Du1meter 26 in, 66.0 cm. 25,6 to 28. 7 in, 65.0 to 73,0 cm. - -

:J Track Gau1e 4.708 ft. 1.435 m. 4. 708 ft. 1.435 m, 4. 708 ft, 1.435 m. :::, .... 
0 -= Number of Molors 2 , ONE PER END TRUCK 2, ONE PER ENO TRUCK 2, ONE PER END TRUCK .... .. 
• Rating p("r Motor 
0 

210 H.P. (157 Kw.) 201 H.P . 050 Kw.) 201 H.P. (1SO Kw.) 

;;; 
z 

Voltagl" per Motor 600 \'de 6001750 vdc 600/750 vdc .... 
e; 
;;: Lme Voltage 600 vdc 600/ 750 \·de 600/750 vdc 

Power Col!ec-11on Pantograph Pantogn1ph Pantograph 

M.x1mum Velocity 50 mph 80.47 Km/h SO mph 80 Ka1h 43 mph 70 Km/h 

llar.1mum Grade '9% ! 5'- 's~ 

~rv1cl': Ac-celenl\1on 4,55 ft .!s 2 1.39 m/ s 2 3,9 ft .1s2 1.2 m.'s 2 3.9 ft. / s 2 1.2 m 1s 2 

.... 
~rv lCt' Dece ler:1110n 5.14 ft ./s 2 1.57 m/ s 2 3.9 ft, / s 2 1.2 mls 2 3,9 ft. 's 2 1.2 m/5 2 u z 

i E.nrergency Deceleration 8.6 ft. s 2 2.68 m s 2 9,8 ft. ·s2 3.0 m/ s 2 9,8 ft .!a 2 3.0 m/s2 

e 
3.6i ft. /s 3 1.12 m/s 3 "" Service Maximum Jerk - - - -.... 

"-.... Min • Honi. Turn Radius 4.! ft. 12.80 m. 59.05 ft. 18.00 m, 59.05 ft. 18.00 m. ..J 
u 
i: Single• 492,l\6 ft • Single - 150.00 m, .... llltn, Vl"rt. Curve - Sag 460 ft. 140.2 m, 492. t ft. 150.0 m, 
> Coupled· 820.10 ft, Coupled · 250.00 m, 

Min. Vert. Curve• Crest 310 ft. 94.5 m. Single· 492.06 ft. Smgle • 150.00 m, 492.1 ft. 150.0 m. 
Coupled • 820.10 ft. Coupled · 250.00 m. 

Dual Oirect1ona! y,s y,s Y,s 

Number of Seats 68 01 52 44 S2 

No. Design Cap11c1ty Standees 151 or 16i 134 138 

► 
1.2 or 1.6 ft. 2 0.11 or 0.15 m2 2. 7 ft. 2 0.25 m2 2. 7 ft. 2 0.25 m2 t:: Area pe1 l)e,s1gn Standtt 

u 
C 
"- No. Crush C11p11C1ty Standees - 160 160 C 
u 

Area per Crush Standee - - 2.2 ft. 2 0.21 m 2 1.35 ft. 2 0.125 m2 

Vehicle /Empty ) 67 .000 lbs. 30,391 Kg. 62.700 lb& . 28.440 Kg. 62.700 lb&. 28,440 Kg, 

.... 
:c 

"' Vt"h1l'le (Gron) 102,945 lbs. 46.6% Kg, 99,420 lbs. 45,096 Kg. 99,420 lb•. 45,006 Kg. .;; 
• 

No1Re (Iris 1dr , Ouu, 1de) 70 dbA/75 dbA 75 dbA '82 dbA 75 dbA / 82 dbA 

u Cor;.t (1973 ) $300,000 t - -i 

Sourer Le■ Tranr; 11 Comprnd1um Vol. II No. 5 1975 
Vo!. Ill No. 5 1976-77 



1.38' 

(0.421m.) 

LRV EXAMPLES 

27.6" ·I L 
(70.0cm.) I 

24.61° 
(7.50m.) 

49.54° 

(15.IOm.) 

12.47 ' 

(38.00m.) 

00000000000000 

8888□ 888888□ 

TATRA T5B 

71.0' over anticlimbers 

23.83' I 
(7.263m.) 

(2l.641m.) 

23.33° 

(7.111 m.) 

I 19.08' 

1.38' 

(0.421m.) 

APPENOI X A- 4(3) 

Max 

1J 
I .:.L Min. 

>11 ...... - E 
0 0 
...: ~ 
N <0 

fl' It 

8.53' 

(2.600m.) 

I 4.75' 

~l.448m 

I 
I (5.816m.) 

1 I .5°(3.505m.J Top of pantograph locked down. 

----
□□ □□□□□□ □□□□□□ □□~l:11 ;i u□~ 

0 0 l _:fl-,oor - ~l 

I J l " 

I 6.003' I 
1(1.854mll 

13.5' I 
(4.l 15m.J I 

-
r7 ~~~ r7 IT,-.,--:,==J:::;l;::::;'iJ-~l!i-a Rail rl=== .. ri 

I 54" 
• (137.2cm.) 

23.0° 
(7.0IOm.) 

73 .0' over couplers 

(22.25m.) 

2s" I I ,,,.. I t 
(66.0cmJ I r ~ -

23 .0° 13.5° 
(7 .0IOm.) (4.115m.) 

8.854° 

(2.699m.) 

SEATING FOR MUNI SEATING FOR MBTA 

S.L.R.V ARTICULATED 
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FEATURE 

Len11;1h (Ant1•Clim~rs) 

Height . Rail 10 Roof 

Numbe, of Doors 

Truc k Spac,np; 

Wheel Diameter 

Number of Motors 

Rwting per Molor 

Li ne Voltage 

P ower Collec1 1on 

Maximum Ve locity 

Se11·n ·1· An:l"lerwt1on 

Service Oect>le1at1on 

Emergeoc 1· Dec eleration 

Sernce Max1A1um Jerk 

Mm. Vert. Curv<' • Sag 

Dual Directional 

No. Design Cc1pac1t y Standees 

Area per Design Stand~ 

No. Cnish Capacity Standees 

Area per Crush Standee 

Veh1Cle (Empty) 

No ise (Inside ' 0'-tside ) 

Cost 

Soun:t' l"'°w Trilns,t Compendium Vol. II Nn. h 1975 

HRV DATA SUIIIIARY 

CHICAGO BOEING· VERTOL 

METROCAR 

48.0 ft. 14.630 m. 

9.33 fl. 2.844 m. 

12.0 ft. 3.6S8 m. 

29.Jm. 74,4 cm. 

SO m. 127.0 cm. 

76 m, 193.0 cm. 

2 ON EACH SIDE 

3.8 h. 1.158 m, 

33.67ft. 10.26 m. 

6.5 ft. 1.98 m. 

28 m. 71.12 cm. 

4.708 ft . 1.435 m. 

4, ONE PER AXLE 

115 HP (86 Kw.) 

300 vdc 

600 vdc 

Third Rail 

;o mph t l3 Km / h 

4.69 ft 1s2 1.43 m s 2 

2.90 m/s 2 

85ft. 25.9 m, 

690 ft. 210.3 m. 

690 ft. 210.3 m. 

No 

A Car• 47 8 Ca,• 51 

A Ca, - 103, B Cat - 99 

50,000 lbs. 22,680 Kg. 

72.500 lbs, .12.885 Kg. 

7(1 dbA I SS dbA 

(1974 ) $316;000 

REPRESENTATIVE 50-FT (15 METERS ) VEHICLES 

CHICAGO BUDD METROCAR 

48.00 ft. 14.630 Ill, 

9.33 ft. 2.844 m. 

12.00 ft. 3.658 m, 

29.26 in, 74,3 cm. 

26.52in, 67.4cm. 

75,82 1n. 192.6 cm. 

2 ON EACH SIDE 

3.802 fl. 1.159 m. 

33.67 ft. 10.26 m. 

6.25ft. 1.905 m. 

28m. i1.12cm. 

4.i08 ft. 1.435 m. 

4, ONE PER AY.LE 

100 HP (74,6 Kw.) 

300 vdc 

600 vdc 

Thud Rad 

70 mph 

4.69 ft. 1s2 1.43 m1s 2 

4,69 ft .ts 2 

9. 53 f1. /s2 2.90 m s2 

85 ft. 25.9 m, 

No 

A Car• 47. B Car 51 

A Cat 103. B Car - 99 

44,500 lbs. 20 .185 Kg. 

67,000 lbs. 30,391 Kg. 

(1967) $125,000 

APPENDIX A-5 (1) 

PATH PA-3 HA'i\'KER 

SIDDELEY TRANSIT CAR 

51.00 ft. 15.544 m. 

9.23 ft. 2,813 m. 

11.70 h. 3.566 m, 

28.0 m, 71.12 cm, 

54.0 1n. 137. 16 cm. 

78.0 :n. 198.12 c m. 

2 ON EACH SIDE 

3.79ft. 1.155 m. 

33.00h. 10,058 m. 

6.&33 ft. 2.(18] Ill, 

28 m. 71.12 cm . 

4.708 ft, 1.435 m. 

4. ONE PER AXLE 

150 HP (111.9 K_w. ) 

650 vdc 

Third Rail 

70 mph 113 Km 'h 

3. 67 ft. 's 2 1.1 2 m s2 

4.4 ft, ' !'i 2 

1.37 Ill s 2 

90 ft, 27.4 m. 

QOO ft. 2i4.3 m. 

900 ft. 274.3 m. 

IJ-0 

59.000 lbs. 26,762 Kg. 

81,500 lbs . 36,968 K11,. 

(1970) $184,000 

+ 

-+-
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HRV DATA SUMMARY 

FEATURE 

'111'1dlh fBody) 

Door-way Height 

Num~r of Doors 

H..-1Rhl . Rail 10 Floor 

Truck SpacmR 

\IOheel Base 

Wheel D1ametter 

Numlwr of Motors 

RalLnl!, per Mol o r 

Power Collt-ctmn 

Maximum Veloc11v 

Miu:imum Gn.de 

Service Acct-ler;i.\1on 

St:'rv1ce Dece!eriltJOn 

Emt"rll,encv [)ft-elernt1on 

Service M.ix1mum Jerk 

Min. Hori:. Turn Rad1ui. 

Min. Vert . Cune-Sai 

M1n. Vert. Curve-C~st 

Dual D1rect1onal 

Number of Seats 

No. Design Capacity Standees 

Are;i. per Des1Rn Slandee 

No. Crui.h Cap.tell}' Standees 

Area per Crush Standee 

Vehicle tEmptri 

Vehicle (Gross) 

Cost 

TORONTO HAWHR SIDDELEY 

SUBWAY CAR 

22. 78im. 

10.J.I 11. \. l4 lJ m, 

11.96ft. 

-li.O 1n. 11q,4 cm. 

45.0 1n. 114.3 cm. 

76.0 in. 193.0 cm. 

4 ON EACH SIDE 

3.625 ft. 1.105 m. 

54.00 ft. 16.459 m. 

6.83 ft. 2.082 m. 

28 11,. 71.12 cm. 

4.906 ft. l.495 m. 

.i, ONE PER AXLE 

110 H.P. (82 Kw ) 

300 vdc 

600 vdc 

Thud R,111 

55 mph 

J.bi ft.Js 2 

4.llft.·s2 

4.40 ft. 's 2 

300 h. 

!,000 fr. 

2,00(1f1. 

2.5 fc2 

2.08 ft. 2 

A· Ca, - 55.814 lbs. 
B - Car - 55.369 lbs. 

A Car 100.81 ~ lbi.. 
B · Car - 100.369 lbs 

No 

77 

250 

300 

80 Km h 

91.44 m 

609.60 m 

609.60 m 

A - C3r - 25 .Jl7 Kg. 
B - Ca, - 25.115 Kil,. 

A - Car· 45.728 KR 
B- C;or - 4S.527 KR 

;g db A , 87 db A 

<1973'1 S:?88.665 

Source Le.i Transit Compendium Vol. II No. b 1975 

REPRESENTATIVE 75~FT (23 MF.TERS) VEHICLES 

WASHINGTON ROHR MFTRO 

TWO•CAR UN IT 

2.?.M60 m. 

.1.1)(1,l m. 

10.!13 ft. J.]01 m 

8t>.2b c- m. 

50 11,. 127.0 cm. 

i6 m. 

3 ON EACH SIDE 

Llft. 1.0(16 m. 

52ft. 15.8.',0 ft. 

2.210 m. 

.:'.8 in. 71 12 cm. 

.i.68 ft. l..i2o m. 

4, ONE PER AXLE 

1/'i H.P. (13(1 Kw ) 

760 vdc 

Third Rad 

75 mph 110 Km/ h 

3.0 ft. s2 

3.0 ft. 0.91 m/ s 2 

ll.82 mi s\ 

125 ft. 68,<;8 m 

"' 
128 

2.69 ft.2 

160 

2.19 ft.2 

il,600 lbs. 

10!1,()(10 lbs. 

68 db A 84 db A 

t1cr;2) s3os mo! 

APPENDIX A-5(2) 

STATE·OF-THE-ART-CAR 

!SOAC) U S A 

7.+.7 \lt. ~2- 77 !. m 

'1.75 h . 

12.Uft. 3.b'li m. 

Low Dl•n,;it\· 50.55 in. Lo"' Den~!I\' 128.40 cm. 
High Dens Liv 2C-,.6 in, H11th Density 65,C/2 ,·m . 

50.U 1n. 1:?i.00 cm, 

75,55 ,n. i<l\.QO ('m. 

-l ON EACH SIOt: 

1.183 m. 

'i-l.00 ft. 16.4<;9 m. 

7.<;0ft. 2 . .:'.86 m. 

rn.01n . 7b.20 cm . 

4.708 ft. I.H5 c·m. 

17'iUP d.l0Kw) 

300 ,rlc 

Opt1ona!·Th1rd R;:i1 ! ur Panl <>,\raph 

80 mph 

5.13ft s2 

"\.67 ft.. 's l 

Mt1~. fl,. llt. 145 ft. 
Min. Flr. th. 295 ft. 

2.000 fl, 

2.000 ft. 

120 Km h 

1.21 - l.1.i m 's2 

l.ll · 1.H m ._2 

1.56 m ,_! 

!.12 m ,.,J 

Ma ~. Flr. lit. "420 m, 

Min. Fir. 1\1. 89.92 m. 

609.6 m 

b09.6 m 

Hl v, lK 

8 nr 11 !r.l 0. ;~ '" 1.02 ml 

158 o r228 

1.9 or I. JS ft.2 0.18 or 0.1.l ml 

90.000 lhs. 

115,00(Jlh!.. 

63 db A 71:1 db A 

Self Suff1nentqq;4; S3.'il,b73 
M;i.med P;i.11 5331 115 

+ 

-+ 



~ (I .43m.) 

10.15' 

(3.094m.) 

HRV EXAMPLES 

48.0' 

(l4.63m.) 

8 .67' 
(2.643m.) 

~1.11_· ---------"3--'-'--'3.6'-'----7' -----'7-"--'-.17-' 9.33' 
(2 .185m.) (10.26m.) (2 .185m.) (2.85m.) 

-,,, E 
ao 

_L 2 
0 

"' ,..; 

1· 

CHICAGO BOEING-VERTOL 
METROCAR 

74. 75' over onticlimber& 

(22.784m .) 

[I] rn □DD rn DD□ 
~ b (71.0cm.) 

11.5' 5 ·2.0' 

(3.505m.) (15.85m. ) 

WASHINGTON (ROHR) METRO 

APPENDIX A- 5(3) 

(l.2m.) 

~1 

rn □ 
~ (2.21m.) 

11.5' 

(3.505m.) 



LRT DOUBLE- TRACK, 90° TURN DIAGRAM AND DATA 

NOTES: 

I. 90° Spiral Curve, 11' (3.35ml C. to C. Track Spacing on TanCJent. 

2. All measurement are to 91111e line of each rail. 

3. Superelevotion varies linearly along the spiral from 0.0011 (0.00cm) 
in the tanCJent to 2.00 11 (5.08cm) in the Central Curve. 

4. Track gauCJe varies lin~orly along the spiral from 41 -81/2 11 
( 1.435ml 

in tangent track to 41-911 
( 1.448ml in the Central Curve. 

5. See following pages (2) and (3) for tabulated curve data. 

TANGENT 
RAIL 

I 
PC. OF SHIFTED : 

CENTRAL CURVE I 

__ _i__-l--~---=--=--_::-::_~-=-=- _---.__ - - - - - - - - - - -

TANGENT 
RAIL 

__ ___:_:_:_::.=.:.:.:=~----------=--=---=-=--::-::-:---~--=------- --- ----- --------- ------
' 

OUTSIDE TRACK P l v 
K~ -~--------- - - - - -- - - --

APPENDIX A- 6 (I ) 

Ts----------~ 

SOURCE , 
SAN FRANCISCO MUNICIPAL RAILWAY 
Drawing No. CL-5587, CL-5588 

- MAIN P.I. 



RAIL 
R 
Le 
Ls 
X 
y 

Ts 
Es 
p 

K 
9s 
' 
I 

SC 
1 
2 
3 
4 
5 
6 
7 
8 
9 

s.c 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

INSIDE 

90° TURN DATA 
(U.S. UNITS) 
TRACK 

APPENDIX A-6(2) 

OUTSIDE TRACK 
INSIDE RAIL OUTSIDE RAIL INSIDE RAIL OUTSIDE RAIL 

42.6250 ' 
37.1973 I 

50.6731 ' 
50.1687 ' 
5 5446 ' 

81.1891' 
21.8617' 
2.9740' 

L 
50.6731 ' 
46.2396 · 
43. 7396 ' 
41.2396 
38. 7 396 
36.2396 
31.0071 ' 
23. 2553 ' 
15.5035 
7.7518 

L 

29.9092 I 

28. 3852' 
26. 77 45 I 

24.9993 
23.1544' 
21.1490' 
18. 932 4' 
16. 4193 I 

13. 3300 I 

9.4257 1 

6. 7789 · 

47.3750 ' 48.8259 I 

41.3425 ' 48.1812 ' 
52.3140 ' 29.9092 I 

51.7933 ' 29.6552' 
5. 7894 ' 2.8675 ' 

85.897 4 I 65.2264 ' 
23. 7703 I 21.3567 ' 
2.9323' 0.8007 ' 

35.5901' 
20 "00 I 00 1 

50 '' 00 I 00 '' 

90 °00'00 " 

SPIRAL CURVE DATA 
(U.S. UNITS) 
INSIDE TRACK 

INSIDE RAIL 
X y L 

50.1687 ' 5. 5446 ' 52.3140 ' 
45.9455 · 4.1995 . 47 . 7370 I 

43.5217' 3.5877 ,' 45.1560 ' 
41.0765 3.0679 ' 42.5751 
38.6158 ' 2.6267 I 39.9941 ' 
36.1444 2. 2500 ' 37 .4131 
30.9510 1.6137 ' 32.0112 ' 
23.2316 0.9081 ' 24.0084 
15.4965 ' 0. 4037 . 16.0055 ' 
7. 7509 0. 1009 ,' 8.0028 I 

OUTSIDE TRACK 
INSIDE RAIL 

X y L 

29.6552' 2.8675' 31.2883 1 

28.1894' 2. 4539 I 29.6940 I 

26.6283' 2.0616' 28 .0091' 
24,8955 I 1.6797' 26.1520' 
23.0835' 1.3357 I 24.2220' 
21.1040' 1.0185' 22.1242' 
18.9065' 0.7311' 19.8054' 
16. 4066' 0. 4771' 17.1764' 
13.3255' 0.2553' 13.9446' 
9.4249' 0. 0903 I 9.8603' 
6. 7787 0.0336 7.0915 ' 

15. 5998' 
W' 43' 49.3 
56 '' 32' 21.4 

OUTSIDE RAIL 
X 

51.7933 · 
47.4333 ' 
44.9311 ' 
42. 4067 ' 
39.866f 
37.3149 ' 
31.9533 
23.9839 · 
15. 9983 
8.0019 

OUTSIDE RAIL 
X 

31.0226' 
29.4892' 
27.8561 1 

26.0434 
2'.1479' 
22.0771' 
19. 7783' 
17.1631 1 

13.9399 I 

9.8595 1 ' 

7.0913 

53. 5759' 
52.8685 ' 
31.2883' 
31.0226 ' 
3.0269 ' 

69.9347 ' 
23. 2653' 
0.7590' 

y 

5.7894 
4.3849 
3.7461 ' 
3. 2033 
2. 7 427 
2.3493 
1.6849 ' 
0. 9482 · 
0.4215 
0.1054 . 

y 

3.0269' 
2.5903 1 

2.1762' 
1.7731 1 

1. 4099 I 

1.0751' 
0.7717 1 

0. 5036 I 
0.2695' 
0, 0953 I 
0.0355 ' 



RAIL 

R 
Le 
Ls 
X 
y 

Ts 
Es 
p 

K 
9 s 

' I 
I 

S.C 
1 
2 
3 
4 
5 
6 
7 
8 
9 

SC 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

90° TURN DATA 
(METRIC UNITS) 

APPENDIX A-6(3) 

INSIDE TRACK OUTSIDE TRACK 
INSIDE RAIL OUTSIDE RAIL INSIDE RAIL OUTSIDE RAIL 

12.9921 m. 14.4399 m. 14.8821 m. 
11.3377 m. 12.6012 m. 14.6856 m 
15.4452 m. 15.9453 m. 9.1163m. 
15.2914 m 15.7866 m. 9.0389 m. 
1.6900 m .. 1.7646 m. 0.8740 m. 

24.7464 m. 26.1815 m. 19.8810 m. 
6.6634 m. 7.2452 m. 6.5095m. 
0.9065m. 0.8938 m. 0.2441 m. 

10.8479 m. 4. 7548 m. 
20 " 00 I 00 . 15 ~43 ' 49.3 . 
50 ' 00' 00 ' 56 32 ' 21.4 ' 

90 '00 ' 00 ' 

SPIRAL CURVE DATA 
(METRIC UNITS) 

INSIDE TRACK 
INSIDE RAIL OUTSIDE RAIL 

L X y L X 

15. 4452 m. 15.2914 m. 1.6900 m. 15.9453 m. 15. 7866 m. 
14.0938 m. 14.0042 m. 1.2800 m. 14.5502 m. 14. 4577 m. 
13.3318 m. 13.2654 m. 1.0935 m. 13. 7635 m. 13.6950 m. 
12.5698 m. 12.5201 m. 0.9351m. 12.9769 m. 12.9256 'Tl. 

11.8078 m. 11.7701 m. 0.8006m. 12.1902 m. 12.1512 m. 
11.0458 m. 11.0168 m. 0.6858 m. 11.4035 m. 11.3736 m 
9.4510 m. 9.4339 m. 0. 4919 m. 9.7570 m. 9.7394 m. 
7.0882 m. 7.0810 m. 0. 2768 m. 7.3178m. 7.3103 m. 
4. 7255 m. 4.7233m. 0.1230 m. 4.8785 m. 4.8763 m. 
2.3627 m. 2.3625 m. 0.0308 m. 2. 4393 m. 2.4390 m. 

OUTSIDE TRACK 
INSIDE RAIL OUTSIDE RAIL 

L X y L X 

91163m. 9.0389 m. 0.8740m. 9.5367m. 9. 4557 m. 
8.6518 m. 8.5921 m. 0.7479 m. 9.0507 m. 8. 9883 m. 
8.1609 m. 8.1163 m. 0. 6284 m. 8. 5372 m. 8. 4905 m. 
7.6 198 m. 7.5881 m. 0. 5120 m. 7.9711 m. 7. 9380 m. 
7.0575 m. 7 .0359 m. 0.4071m. 7.3829m. 7. 3603 m. 
6.4462m. 6.4325 m. 0.3104m. 6. 7435 m. 6.7291m. 
5. 7706 m. 5.7627 m. 0.2228m. 6.0367 m. 6.0284 m. 
5.0046 m. 5.0007 m. 0.1454m. 5. 2354 m. 5.2313m. 
4.0630 m. 4.0616 m. 0.0778 m. 4. 2503 m. 4. 2489 m. 
2.8730 m. 2.8727 m. 0.0275m. 3.0054 m. 3.0052 m. 
2.0662 m. 2.0661m. 0.0102m. 2.1615 m. 2.1614 m. 

16.3299 m. 
16.1143 m. 
9.53ii7m. 
9.4557m. 
0.9226 m. 

21.3161 m 
7.0913 m. 
0.2313 m. 

y 

1.7646 m. 
1.3365 m. 
1.1418 m. 
0. 9764 m. 
0.8360 m. 
0.7161 m. 
0. 5136 m. 
0. 2890 m 
0.1285 m. 
0.0321 m. 

y 

0. 9226 m. 
0 7895 m. 
0.6633m. 
0. 5404 m. 
0.4297 m. 
0. 3277 m. 
0.2352m. 
0.1535m. 
0.0821 m. 
0,0290m, 
0.0108m. 



Excerpts From 

GENERAL ORDER NO. 26-D 

(Superseding General Order No . 26-C) 

PUBLIC UTILITIES COMMISSION OF THE 

ST ATE OF CALIFORNIA 

APPENDIX A-7 (1) 

REGULATIONS GOVERNING CLEARANCES ON RAILROADS AND STREET 
RAILROADS WITH REFERENCE TO SIDE AND OVERHEAD STRUC­
TURES, PARALLEL TRACKS, CROSSINGS OF PUBLIC ROADS, HIGH­
WAYS AND STREETS. 

Adopted January 19, 1948. Effective February 1, 1948 

As Amended: 
Decision No. 42925, April 20 , 1954, Effective May 10, 1954; 
Decision No. 80051 (A. 53108), May 16, 1972 effective June 6, 1972. 

It Is Hereby Ordered by the Public Utilities Commission of the 
State of California that the minimum clearance requirements for rail­
roads and street railroads hereinafter prescribed shall hereafter be 
observed in this state in all construction or reconstruction of tracks 
or structures adjacent to tracks. · 

It Is Hereby Further Ordered that no railroad or street railroad 
corporation shall operate any cars, trains, motors , engines, or other 
rolling equipment over its own or other tracks, except as herei_nafter 
provided, on which overhead or side clearances, or clearances be­
tween tracks, -are less than the minimum herein prescribed, if such 
tracks or structures adjacent to such tracks are constructed or re­
constructed subsequent to the effective date hereof. 

DEFINITIONS 

Section 1 

For the purposes of-these regulations definitions as hereinafter 
prescribed will govern . 

1. 4 Overhead Cle arance is the vertical distance from the level of the top 
of the highest rail to a structure or obstruction above. 

1. 5 Side Clearance is the shortest distance from the center line of track 
to a structure or obstruction at the side of track. 

STANDARD GAUGE RAILROADS AND STREET RAILROADS 
TRANSPORTING FREIGHT CARS 

Section 2-Overhead Clearances 

2. 1 The minimum ove rhead clearance above railroad and street railroad 
tracks, which are used or proposed to be used for transporting freight 
cars, shall be twenty-two (22) feet six (6) inches. Structures con­
structed prior. to the effective date of this order may be maintained 
at such clearances as was lawful at the time of construction. 



APPENDIX A-7 (2) 

Section _',-Side Clear.1nn·s 

3. I Minimum side clearances from center line of tangent standard gauge 

railroad and street railroad tracks, which are used or proposed to be 

used for transporting freight cars, except as hereinafter prescribed, 

shall be as shown be low. 

Minimum 
Description · Side Clearance 

3. 2 All structures and obstructions above the top of the rail except those 

hereinafter specifically mentioned-------------- --- 8' 6 11 

NOTE: Posts, pipes, warning signs and similar obstructions 
should, where practicable, have a side clearance of ten ( 10) feet. 

3 .. 3 Platforms eight (8) inches or less above top of rail----- 4' 6 11 

3. 4 Platforms four ( 4) feet or less above top of rail-------- 7' 6 11 

3. 5 Platforms four (4) feet six (6) inches or less above top of rail 

when used principally for loading or unloading refrigerator 
cars-------------------------------------

3. 6 f?latforms previously constructed at clearance not less than 
seven (7) feet three (3) inches may be extended at such clear­

ance unless such extension is in connection with the recon­
struction of the original platform. 

NOTE: Combinations of platforms under subsections 3. 4 and 3. 5 
will not be permitted. Combinations of platforms under subsection 3. 3 
with either of those under subsections 3. 4 or 3. 5 is permitted provid­
ed that the platform under subsection 3.3presents a level surface 
from a point not more than four ( 4) feet eight (8) inches from center 
line of track to the face or wall of the platform with which it is 
combined. 

3. 7 Poles supporting trolley contact conductors supplying 

motive power to track affected, if of bracket construction, 

8 I O II 

on either single or double main crack---------------- 8' 3 " 

NOTE: In order to bring switch stand targets into clear vision 
where pole lines are or have been constructed at legal clearance 
on railroads operated by overhead trolley contact the clearance as 
applied to switch stands may be reduced to seven (7) feet six (6) 
inches. 

- _ 3. 8 Switch boxes, switch-operating mechanisms and accessories neces­
sary for the control and operation of signals and interlockers pro­
jecting four (4) inches or less above the top of rail------- 3' 0" 

3. 9 Signals and switch stands three (3)feet or less above top of rail and 
located between tracks where not practicable to prov idc: clc:arancc:s 

otherwise prescribed in this order---------------- 6' 0" 

3.10 Through bridges supporting track affected, tunnels, water columns 
and oil columns------------------------------8' 0" 

Section 4-Overhead and Side Clearances 

Minimum overhead and side clearances as prescribed in Sections 2 and 

3 of this order may be decreased to the extent defined by the half circum­

ference of a circle having a radius of eight (8) feet six (6) inches and tan­

gent to a horizontal line twenty-two (22) feet six (6) inches above top of 

rail at a point directly over the center line of track; provided, however, that 

for tunnels and through bridges such radius may be eight(8)feet, and pro­

vided further, that subsections 2.3 and 3.19 of this order shall apply hereto. 



APPENDIX A-7 (3) 

Section 5-Clearance Between Parallel Tracks 

5. 1 The minimum distance between the center lines of parallel standard 

gauge tracks shall be fourteen (14) feet except as hereinafter provided. 

5. 2 The center line of any standard gauge track, except a main track or a 
passing crack, parallel and adjacent to a main track or a passing 
track, shall be at least fifteen (15) feet from the center line of such 
main track or passing track; provided, however, that where a passing 
track is adjacent to and at least fifteen (15) feet distant from the 

main track, any other track may be constructed adjacent to such 

passing track with clearance prescribed in subsection 5 .1 of this order. 

RAILROADS AND STREET RAILROADS NOT 
TRANSPORTING FREIGHT CARS 

Section 9-Overhead and Side Clearances 

9. I The mm1mum overhead clearance above railroad and street railroad 

tracks which are not used or proposed to be used for transporting 
freight cars shall be fourteen ( 14) feet. 

9. 2 Minimum side clearances of railroad and street railroad tracks which 

are not used or proposed to be used for transporting freight cars shall 
be thirty (30) inches from the side of the widest equipment operated, 

except that for poles supporting trolley contact conductors between 
main line double tracks such distance may be decreased to twenty-four 
(24) inches. 

9. 3 Minimum overhead and side clearances as prescribed in this section 
may be decreased to the extent defined by a line extending diagonally 
downward from a point fourteen (14) feet above the top of rail and four 
(4) feet distant laterally from the center line of track to a point eight 
(8) feet above the top of rail and distant laterally thirty (30)inches 
from the side of the widest equipment operated. 

9. 4 Minimum side clearances as prescribed in this section may be decreased 
in bridges, tunnels or subways to the extent defined by a line extend­
ing diagonally upward from a point level with the top of rail and five 
(5) feet distant laterally from the center line of track to a point four(4) 

feet above the top of rail and distant laterally thirty (30) inches from 

the side of the widest equipment operated. 

Section IO-Clearance Between Parallel Tangent Tracks 

The minimum distance between the center lines of parallel tangent 
tracks shall be nodes s than the width of the widest car operated plus 
twenty-four (24) inches. 

Section 11-Exceptions 

11. 1 Minimum clearances prescribed in Sections 9 and IO of this order may 

be reduced along passenger platforms subject to approval by the 
Commission. 

11. 2 Minimum clearances prescribed in Sections 9 and l0of this order may 
be reduced for trackage located in subways and tunnels or compart• 
men ts thereof, which are used exclusively for railroad passenger traf­

fic; provided that the passenger equipment operated thereon shall have 
all windows and other openings effectively barred. 
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PUBLIC ROADS, HIGHWAYS, AND STREETS CROSSING UNDER 
OR OVER RAILROADS AND STREET RAILROADS 

Section 12 - Public Roads, Highways, and Streets Crossing Under Tracks 

12. l Where a railroad or street railroad crosses above any public road, 

highway,or street,a minimum overhead clearance of fifteen (15) feet 

shall be provided above the surface of such road, highway or street. 

12. 2 Where a railroad or street railroad crosses above any public road, 

highway, or street on a single supporting span, a minimum width of 

twenty-four(24)feetshall be provided for the opening for such public 

road, highway or street. Where two or more supporting spans are used 

over the public road, highway or street, a minimum width of twelve 

(12) feet shall be provided for each opening. 

12. 3 When the public road, highway or street is occupied by one or more 
tracks, minimum clearance dimensions shall be determined by this 
Commission for the case under consideration. 

Section 13-Public Roads, Highways, and Streets Crossing Over Tracks 

13. 1 Where a public road,highway,or street crosses above any railroad or 
street railroad track used or proposed to be used for transporting 

freight cars, the minimum clearances prescribed in this order for such 

tracks must be observed. 

13. 2 Where a public road, highway, or street crosses over a railroad or 

street railroad track which is not used or proposed to be used for 

transporting freight cars, minimum clearances as prescribed in this 

order must be provided, except that a minimum overhead clearance of 

nineteen (19) feet above top of rail shall be provided unless other­

wise ordered by the Commission. 

GENERAL REQUIREMENTS 

Section 14-Electrical Construction 

All clearances of electrical construction over, above, adjacent to, 

along or across railroads ands treet railroads shall con form to the re­

quirements specified in General Order No. 95, or such other and fur­

ther general orders covering similar requirements as may be currently 
effective. 

Note: See Appendix A-8 for #95 excerpts 



Excerpts From 

Rules for 

Overhead Electric Line Construction 

GENERAL ORDER NO. 95 

Prescribed by the 

PUBLIC UTILITIES COMMISSION 

of the 

STATE OF CALIFORNIA 

SECTION 111 
REQUIREMENTS FOR ALL LINES 

31. APPLICATION 
Tl1e follo\\·ing rules apply to all classes of overhead lines under all 

conditions. 

37. MINIMUM CLEARANCES OF WIRES ABOVE RAILROADS, 
THOROUGHFARES, BUILDINGS, ETC. 

Clearances between overhead conductors, guys, messengers or trolley 
span ·wires and tops of rails, surfaces of thoroughfares or other gen­
ernlly accessible arcns ncross, nlong or above which 11ny of the former 
pass; also the t:learanccs bet ween conductor;;, guys, messengers or trolley 
span wires and buildings, poles, structures, or other objects, shall not 
be less than those set forth in Table 1, at a temperature of 60° F. and 
no wind. 

TABLE 1 

APPENDIX A-8(1) 

Basic Minimym Allowable Vertical Clearance of Wires Above Railroads, Thoroughfares and Gro.und; Also Clearances from 
Poles, Buildings, Structures or Other Objects (nn) 

c ... 
No. 

6 

6 

8 

(L.etter References Denote Modifications of Min imum Clearances as Referred to in Notes Following this Table) 

~a.turc of clearance 

Crossing above tracks of railroad!! which transport or 
propose to tran!-port freight cars (max. height 15 ft. 6 in.) 
where not opcratl'<l by overhear! contact wires. (a) (b) 
(c) (d) 

Crossing or paralleling above tracks of railroads operated 
by overhcaJ trolleys. (b) (c) (dJ 

Crossing or ~long thoroughfares in urban districts or cro~ing 
thoroughfares in rural districts. (c) (<l) 

Above ground alonJZ; thorm1i;1:hfares in rural <liatricts or across 
other areas c::i.paLle of being traversed by vehicles or 
agricultural equipment. 

Above ground in areas accessible to pcdestrii\ns o:ily. 

Vertical clearance above buildings and bridges (or other 
structures, which do not ordinarily support conductors 
and on which men can walk) except JZ:Cncr:it.ing plants or 
substations whether attached or u11attachcd. 

Horizontal clearance of conductor from Luil<lir.gs (except 
generatin~ an<l substations), bridges or other structures 
(upon which men may work) where such conductor is not 
attached therew. (s) (t) 

Distance of conductor from center line of pole, whether 
attached or u1Jattached. (w) (x) (y) 

Distance of conductor from surface of polf', crossarm or 
other overhead line structure upon which it is supported, 
providing it complies with Case 8 above. (x) 

A 

Span wires 
(other th,n 

t.ro!lcy 
span wirt>s) 

oyerhead 
izuys :i.n<l 

mcssengr-rs 

25 It. 

26 ft. (e) 

18 It. (j) (k) (ii) 

15 It. (k) 

7 ft. 

8 ft. (r) 

B 

Communication 
conductors 
(i11clud~ng 
oprn wire, 
rahlcs and 

service drops). 
supply servi(.'e 

rtrops of 
0-750 volts 

25 ft. 

26 ft. (e) (I) (g) 

18 ft. (j) (I) (m) 
(ii) 

15ft. (m) (n) (p) 

10 It. (m) (q) 

8 It. (r) 

3 ft. (u) 

15 in. (s) (aa) 

3 in. (aa) (fl) 

Wire or conductor concerned 

C 

Trolley 
contact, 

feeder and 
span wires , 

0-5000 volts 

22½ ft. 

19 It. (h) (i) 

19 It. (hh) 

19 ft. 

19 It. 

8 It. 

3 It. 

15 in. (aa) (bb) 
(cc) 

3 in. (aa) (cc) 
(gg) 

D 

Supply 
conductors 

of 0-750 
volt.,. and 

suprly cables 
treated as in 
Rule 57.8 

25 ft. 

27 ft. (e) (g) 

20 ft. (ii) 

16 ft. 

12 It. 

8 It. 

3 ft. (u) (v) 

15 in. (o) (aa) 
(dd) 

3 in. (aa) (dd) 
(gg) 

E 

Supply 
conduCtors 

and 
supply cables, 

750-22,500 volts 

28 ft. 

30 It. (g) 

25 ft. (n) lo) (ii) 

25 ft. (n) (o) 

17ft. 

12 ft. 

6 ft. (v) 

15 or 18 in. (o) 
(dd) (ee) (jj) 

3 in. (dd) (gg) 
(jj) 

F 

Supply 
conduct.ors 

and 
supply cables, 
22.5-300 kv 

34 ft. 

34 It. (g) 

30 ft. (o) (ii) 

30 ft. (o) (p) 

25 ft. (o) 

12 ft. 

6 ft. (v) 

18 in. (dd) (ee) 

G 

Supply 
conductors 

and 
supply caoles. 

300-
550 kv (mm) 

34 It. (kk) 

34 It. (g) (kk) 

30 ft. (o) (ii) 
(kkJ 

30 It. (o) (kk) 

25 It. (o) (kk) 

20 ft. (II) 

I~ ft. (v) 

Not 
Applicable 

¼ pin spacing ½ pin spacing 
shown in Table 2 shown in Table 2 

Ca.se 15. (dd) Case 15. (dd) 
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References to Rules Modifying Minimum Clearances in Table 1 

(a) Shall not he reduced more than 5% hecause of temperature or loading. ___ __ ___ ___ __ ___________________________ ______ _ 
l. Surply lines . . __________________________________________ _ 
2. Communication lines ____________________ _________ ______ _ _ 

(b) Shall be increased for supply conductors on suspension insulators, 

Rule 

37 
54.4-Bl 
84 .4-lll 

undrr certain conditions ___ ________ ___ ___________ ________ 37 
(c) Special clearances are provided for traffic signal equipment ________ 58. 1-C 
(d) Special clearances are provided for street lighting equipment ____ __ _ 58.2-B 
(e) Based on trolley pole throw of 26 feet. May be reduced where snit-

ably protected. 
1. Supply ~uys ________________________________ ____ ____ __ ___ 56. 4-B2 
2. Supply cables and rnes.,engers __________ _____ ______________ 57.4-82 
3. Communication guys __ ______ _______ __________ _____ ___ __ __ ~6 .4-B2 
4. Commuuiration cables and messeniz;crs ______ _____________ __ 87. 4-B2 

(f) May be reduced depending on height of trolley contact conductors. 
I. Supply service drops ____ _______________ ________ __________ M.S-C5 
2. Communication service drops __ __ _____ _______________ ·- ____ 8-l. 8-D5 

(g) May be reduced and shall be increased depending on trolley throw. 
1. Supply conductor, (except service drops) __________ ___ _______ 54.4-B2 
~- Communica.tion conductors (except service drops) ____________ 84.4-B2 

(h) Shall be increased where freight cars are transported. 
1. Trolley contact and feeder conductors ___ ___________________ 74 .4-Bl 
2. Trolley span wires ________ -·--·_·--·· __ _ -· __ _ ·--··-· · - ___ 77 .4-A 

(i) May he reduced for trolley contact and span wires in subways, 
tunnels and under bridges. 

1. Trolley contact conductors _____________ ·- ----·------------ 74.4-E 
2. Trolley sp3.n wires·----·------------- ·· ----------------- · 77 .4-ll 

(j) May be reduced at crossings over private thoroughfares and 
entrances to private property and over private property. 

1. Supply service drops ____ ___ ___ _____________ ___ __ _________ 54.S-B2 
2. Supply guys _____ __ ________ _____ _________ ________________ 56 .4-A 

3. Communication service drops----- - --------·-- - ------· - ---- 8-L8-C2 
4. Communication guys ___ . ____ _____ -·-· __ . _ .. . . ·-·--- ... _- · 86. 4•A 

(k) May be rtduced along thoroughfares where not normally accessi\Jle 
to vehicles. 

1. Scpply guys __ . ____________________ ____ __________________ 56. 4-A I 
2. Communication guys __ .-·-· .. _- · -- .. ___ .-·_.---· . . ... - ·-· 86 .4-Al 

(l) May be reduced where within 12 feet of curb line of puLlic thorough. 
fares. 

1. Supply service drops .... . --- - --- --·---·······-----·------ 5 ➔ .S..B1 
2. Communication service drors-·------·-····-··-· - · - -· -- -·-· 8-l .8-Ct 

(m) May be reduced for railway i-ia:nal cables under special conditions .. 84.4-A4 
(n) ~lay be reduced in rural districts. 

1. Supply conductors, 750-20,000 volts, crossing roads or drive-

2. Su;ir;~;,;;,i~~to;.,;: 1so:2fooo ;_.·o1i;: ;bo~~ -,;-gric~it~r~f ar~~ - 54.4-A2a 
anli alonl! roadg __ __ . __ .. -· ... __ ·-- ___ . ___ .... ··-. __ ••• _ 54 .4-A2b 

3. Commun ication conductors along roads -- ·····-·-----··---~- 84.4-A2 
(o) May he reduced for transformer regulator or capacitor leads. 

1. Transformer leads. ____ ____ __________________________ __ ___ 58. 3-B 
2. Hegulator or capacitor leads ____________ _____ _____ _________ 58.4-B 

(p) .May be reduced across arid or mountainous a.reas. 
I. Sapply conductors of more than 22500 volts ____ _____ _______ 54.4-Al 
2. Communication conductors._ .. ·-- ... ... ____ ·-- ..... - ··- -· 84 .4-Al 

(q) Sh:ill he increased or may be reduced under special conditions. 
1. lncreas~d for supply service drops on industrial or commercial 

prcnuses .. .. . . -··-···-·-··- · · ····----·-·-·- -·-·-- - -·-· 
2. Supply service drops on residential premiscs_· -·· ··· ·······---
3. Communication conductors __ .- · - __ .. __ . __ __ - · ______ ._ .. ·-
-1. Increased for communication service drops on i11d1.13trial or 

54.S-B3a 
54.S-B3b 
84.4-A3 

commercial premises .. __ -· .. -·-. __ .... . __ - --·---·-····- 84. 8-C3a 
5. rommunication service drops on residential premises . . · ----·- 84.8-C:lb 

(r) May he reduct...'ll above roofs of buildings under special conditions. 
1. Supply overhead guys ___ _________ _____________ ___ ________ 56.4-G 
2. Supply service drops ___ __ ________ ___ ____ _________________ 54 .S-B4 

3. C'ommunication overhead i;.:uys ___ ······-···- · · -- - - ·· · ··-·· 86.4-F 
4. Communication conductors and caL\es_··-·-··· ·-··-- --··· ·· 8-L4-E 
5. Communication service drops. ___ -· ____ . ___ - · .. ---· ____ .. ·- 8-t.8-C-l 

(s) Also apµlies at fire escapes, etc. 
I. ~opply conductors ____ __________________________________ _ 

2. Supply service drops on industrial or commercial premises. __ . 
3. Supply service drops on residential premises·-··- -- ·-···- -· ·· 
4. ( ·omruunication conductors._._ .... ·-_. ___ ... ___ . __ -· ....• 

(t) Special clearances where attached to buildiut_Z;S, bridges or other 
structures. 

1. Supply conductors of 750-22,500 volts ___ __________________ _ 
:?. Trolley contact conductors_ .. ___ .... __ ... _.·---·_·--·- -· -· 
3. ( 'ommunication conductors _____ ._._·-· ___ .. . __ -···--- ·- .. 

(u) Reduced clearances permitted under i-recia.l conJitiom1. 

5-1.4-Hl 
54.8-B4a 
54 .S-B4b 
84.4-E 

5-1.4-1!2 
74.4-E 
84 .4-F 

1. St:pply sr.rvice drops on.industrial or commercial premises .... 5-1.8-Bta 
2. Supply ca.bles, groundcli . ... -····-·-·---·-·· ·· -··-·-·-··-· 57.4.Q 
3. Communication cables \xside b:1ilclings, etc.·--- -·-- ·- --·- -· · 8-l.4-E 

Page 

42 
102 
206 

42 
154 
155 

144 
151 
223 
230 

130 
221 

103 
206 

185 
188 

186 
189 

125 
143 
218 
222 

143 
222 

124 
218 
206 

102 

102 
205 

157 
164 

IOI 
205 

125 
125 
206 

218 
218 

147 
125 
226 
210 
219 

112 
125 
126 
210 

112 
186 
211 

125 
153 
210 

Rule 
4. Communication condudurs under brid~t•.i, ctc, ___ __ ·-·--·-·-· H1.~.F 
5. Co111municalion ~rvicedrop5 . -- ··· - · - ···---···-- ·-·· -··- 8-1.8-C-l 

(v) ~,lay he reduced under s;,rci:li conditi011s. 
1. Supply conductors of 750- 7.500 volts _______________________ 54.4-111 
2. Sup11ly tra.nsfurmer lead a11d bus wires. where guarded ____ ·--· 58.3-82 

(w) May be reduced at angles in lines and transposition points. 

t i~~iu~i:1t'/~~~~~d~~i,;,~;::: ::::::::::::: :: ::: :::::::::: ~! :tg; 
(x) May be reduced for suitably protected lateral or vertical runs. 

t ~~~~:~ ~i!nt:i~~::::::::::::::::::::::::::::::::::::: ~UB 
3. Supply lateral conductors _____ _. ___ ______ ___ • _____________ 54.6-C 

!: ~~~~:~ ;i~~:~~-r_u_".':::::::::::::::::::::::::::::::::::::: tu~ 
6. Communication ground wires· ---·-·-- ·--· -- ·--·-- --··-·--- 84.6-H 
7. Communication lateral conductors_.·--·.---····-·-·----··· 8-l .6-C 
8. Communication vertical runs .. . ·-·--·----· · ----··-----·-·- 8-L6-lJ 
9. Communication risers._._ .. ---·-- .. -·--··- ··· ···-·---·-- - 84. 6·E 

(y) Increased clearances required for certain conductors. 
1. Unattached conductors on colinear and crossing lines_···----- 32.3 
2. Unattached supply conductors ______ ___ __ ____________ ______ 54.·1-D3 
3. Supply service drops on clearance crossarms-·-··-·-· · ·--· ·- - 54.S-C2 
4. Supply service drops on pole top extensions _________________ 54. S-C3 
5. Unattached supply service drops ___________________ ___ __ ___ 54.S-D 
6. Communication lines, colinear, conflicting or crossing ....... - . 84.4.D3 
7. Communication conductors passing supply poles and un• 

attached thereto ________________________ __ --------- ____ 84. 4-D4 
8. Communication service drops on clearance crossarms.· -·-· - ·- 8-l .S-D2 
9. Communication service drops on pole top extensions._._-·· .. 8-L 8-D3 

10. Unattached communication service drops ....... ·-·--··-·--· 8-l.8-E 
(z) Special provisions for police and fire alarm conductors require in• 

creased clearances.·---·-·--- · -. __ .--··-·-----·-· _-··-·- 92. 2 
(aa) May be reduced under special provisions. 

1. Supply conductors of 0-750 volts in rack configuration _______ 54.4-D5 
2. Supply service drops from racks·---·-·-- · -··--····-····-- - 54.8-F 
3. Supply cables and messengers attached to poles ______________ 5i .4-F 
4. Communication conductors on communication poles-·--·-··-- 8-1.,l.I) 
5. Communication conductors on cr0&:1arrns . .. --·- · ··-··-··-··· 8-L-t.Dl 
6. Communication conductors attached to poles ___ ··-·-·-···-·- 8-L4. D2 
7. Communication service drops attached to poles ......... - .. -- 8-l..8-B 
8. Communication cables and messengers .. ·-·- ··· -···--· ...... 87 . 4-D 
9. Supply or communication cables and messengers on jointly 

used poles ______________________ __ ___________ ________ __ 92 .1-B 

10. Communication open wire on jointly use poles.· ---- -·· · -- · ·- 92.1-C 
11. Multiconductor cables with bare neutral _________________ ___ 54.10-Bl 

(bb) May be reduced for Clas., T conductors of not more than 750 volts 
and of the same potential and polarity ________ __ ____ ______ 74. 4-D 

(ec) Not applicable to trolley span wires __________ ____ _______________ 77.4-E 
(dd) Special clearances for pole-top and dead-end construction. 

1. Conductors dead-ended in vertical configuration on poles .. _·- 54. 4-C4 
2. Conductors dead-ended in horizontal configuration ___ . __ ... ·- 5-l. 4-D7 
3. Conductors in pole.top construction. __ ·· ---- · - ---····-·-- ·- 5-l.4-DS 

(ee) Clearance requirements for certain voltage classifica.tions ____ _ ····· 54..-l. l)2 
(II) Not applicable to communication conductors _______________ ______ 84.4-D 

(gg) Clearance from crossarms may be reduced fur certain conductors. 
1. Suitably insulated leads to protect runs _____________________ 54.4-E 
2. Leads of 0-5,000 volts to equipment__ ________________ __ ___ _ 54.4-B 
3. Leads of0-5,000 volts to cutouts or switches ___ ________ _____ 58.5-C 

(hh) Reduced clearance permitted from temporary fixtures and lighting 
circuits 0-300 volts _____ ______ __________________ - - -- -- __ 78. 3-A I 

(ii) Special clearances required above public and private swimruing 
pools: 

1. Supply line conductors ___________________________________ 54.4-M 
2. Supply service drops ________________ ___ __________ ------ __ 54. S-B5 

3. Communication line conductors .... ... .... ·-·- -·--···-··--- 84.4.A5 
4. Communication service drops.·- · ----· .... ____ -·····-·---·- 84. 8-C5 
5. Supply guys, span wires ______ ___ __ _________ __ _____ ___ ____ 56.4-A3 

6. Communication guys _____ ._-·-·--- .... __ ---··---·------·· 86. ,t.AJ 
(jj) May be decreased in partial underground distribution ________ __ ___ 54 .4-D2 

(kk) Shall be increased by 0.025 ft. per kv in excess of 300 kv. 
(II) Shall be increased by 0.04 ft. per kv in excess of 300 kv. 

(mm) Proposed clearances to be submitted to the CPUC prior to construe. 
tion for circuits in excess of 550 kv. 

(nn) Voltage shown in the table shall mean line-to-;rround voltage for 
direct current (DCJ systems. 

Page 
211 
219 

212 
158 

107 
210 

99 
114 
114 
115 
116 
212 
212 
212 
213 

38 
108 
129 
129 
130 
209 

210 
220 
221 
221 

242 

108 
131 
152 
208 
208 
209 
217 
232 

240 
241 
135 

186 
189 

105 
109 
110 
107 
208 

II I 
111 
16ti 

194 

102 
127 
206 
219 
143 
223 
107 

NOTE: Revised February 1, 1948 by Supplement No. 1 (Decision No. 41134, Case No. 4324), 
January 2, 1962 by Resolution No. E-1109, February 7, 1964 by Decision No. 66707, August 
9, 1966 by Decision No. 71094, September 18, 1967 by Decision No: 72984 and March 30, 
1968 by Decision No. 73813. 



Requirements for All Lines 

38. MINIMUM CLEARANCES OF WIRES FROM OTHER WIRES 
Thr clcc1rnnce between any owrhead line conductor or ·wire ::md any 

other conductor or wire over \\·hich the former crosses, the Yertical 
elcarance brt\\·een wires on different crossarms on the same pole, the 
horizontal clearance between wires of the same voltage classification 
on the same crossarm and the clcanmces of line wires from vertical 
or lateral conductors or guy \\·ires of the same line or of conflicting 
lines shall not be ]c,;s th:m the Y,tln(•S gi·,en in Tublc :2. at a tt·rnprra­
ture of G0° F. ,mLl no ,rind. exrC'pt tlwt co1H1udo;·s rn:1y be• ckac1-r1Hlcd 
at the crossarm or !iaYe reducC'cl clearmwrs at points of transposition, 
and shall not be hrld in Yiolation of T,1blc 2, Cases 8-13. inclusiYc. 

The cle,ira\lcc•s of T,1blc 2 sh.:ll in no case be rrc1ucrd more than 
10 prr crnt beeause of temperature and loading as spceified in Rule 
43 or cliffrrrnec in »ize or design of the supporting pins, hardware 
or insul.1tors. 

'l\'h\'rc corn1nctnrs. dracl rnds and mrtal pins arc concrrned in any 
L·le:w,1nc·c SJH'L·if:l'd in thrsc rulrs. nll clear,mL·rs of less than 5 inches 
slwl! lw applicable bL•t,n•en thr surfaces of C\>nductor::; (11ot including 
tie wir c<s), dead em1s, or metal pins, and other c0nd nctors, dead ends, 
rnrtal pins, or other objerts to which the clrarances are applicable. 

All clearances of 3 intl1cs or more shall be applicable from the 
center lines of couductors concerned. 

79. THIRD RAILS 

79. 1 General Provisions 
Third rail construction or reconstruction shall be permitted only for 

rapid transit passenger lines located in subways, on elevated struc­
tures or within completely fenced rights of way, or a combination 
thereof. 

In no event shall the third rail railroad cross at grade any other 
railroad, or public way, road, street. thoroughfare or highway, whether 
for use by pedestrians or vehicles. 

Third rail eonstruction shall be designed, insta llr!1 and maintained 
in sueh manner as will secure safety to patrons and employees of tlte 
rapid transit line and to the public in genrral. 

79.2 Protective Guards and Coverings 
EYery thinl rail. whether carried in subw,1ys. on eleYated structures 

or on completely fenced rights of ,my, shall be protected by suitable 
guards and coverings made of insulating, impact resistant material 
and of such form as will prrscut a mininnun of third rail exposure. 

79.3 Location 
Third r,1ils. whether in subways, 011 eleYated structures or in fenced 

rights of ,my stwll be loratc-<l to thP side of the ru11ni11g- rail farthest 
from station or passpn;ter load.in~ platforms. 

APPENDIX A-8(3) 



APPENDIX A-11 ( I) 

fc 
CPUC GENERAL ORDER NO. 143 

Decision No. 89022 June 27, 1978 

BEFORE THE PUBLIC UTILITIES COMMISSION OF THE STATE OF CALIFORNIA 

Investigation on the Commission's own) 
motion to adopt rules and regulations ) 
relating to safety appliances and ) 
procedures for rail transit services ) 
operated at grade and in vehicular ) 
traffic. ) _________________ ) 

Case No. 10411 
(Filed September 7, 1977) 

Gre~ory Lee Thomnson, for San Diego Metropolitan 
ransit Development Board; Daniel R. Pai~e and 

O. J. Solander, Attorney at Law, for California 
Department of Transportation; Ja.m~s P. Jones, 
for United Transportation Union; Gerald D. Fox 
and Peter Straus, for themselves; interested 
parties. 

Richard D. Rosenberg, Attorney at Law, for the 
Commission staff. 

ORDER ADOPTING GENERAL ORDER 

California Public Utilities Code Section 778, enacted in 

197~ requires the Public Utilities Commission to adopt rules and 

re~1lrttions relating to safety aopliances and procedures for rail 

transit services operated at grade and in vehicular traffic. 

In order to fulfill this responsibility, the Commission's 

Transportation Division staff established a Technical Advisory 

Committee consisting of representatives of transit agencies and others 

with knowledge and experience in the rail transit field. Several 

meetings were held during which the committee members made many valuat:e 

suggestions and recommendations. Using that information, the staff 

prepared a report titled "Proposed Rules and Regulations for the Desip, 

Construction and Operation of Light Rail Transit Systems Including 
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Streetcar Operations". This report was offered and received as 

:2:xhibit 1 during a hearing in this matter held on November 3, 1977. 
uue to certain objections which were raised at the hearing 

and not resolved during a recess, the matter was set over for further 
hearing on a later date. Subsequently, the staff revised its report 
which was offered and received as Exhibit 2 when the hearing was 
reconvened on February 10, 197$. 

A representative of the United Transportation Union objected 
to the revised Section V.C in Exhibit 2 on the grounds that the minimum 
clearances required were too close for safety. He recommended that 
the Commission substitute in Section V.C, Subsections 3.a, 3.b, and 

3.c on Page 4 a minimum of 24-inch clearance in each of those sections 
where either 12 inches or 6 inches now exist. 

The clearance requirements in Exhibit 2, Section V.C were 
changed by the staff from those contained in Exhibit 1 in response 

to requests by Technical Advisory Committee members during a recess 

in the November 3, 1977 hearing. They were extracted from the German 

Association of Public Transport Operations standards by a member of 

the Technical Advisory Committee who testified that the German clearance 

requirements have been in effect for many years and that he has no 
knowledge of any accidents occurring as a result of those clearances. 
Further, he stated that had there been any problem because of those 
clearances, he believes the clearances would have been changed rather 
than retained for so many years. 

The representative of the United Transportation Union did 
not have statistics or other evidence to substantiate his position 
that the clearances in Exhibit 2 could cause personal injuries or 
property damage. 
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-
The head of the Electric Safety Unit of the Utilities 

Division stated that the proposed General Order makes necessary a 

slight modification of the clearance provisions for trolley 

contact conductors in subways, tunnels, or bridges set forth in 

Rule 74.4E of this Commission's General Order No. 95, "Rules for Overhead 

Electric Line Construction." A reference to the proposed General 

Order was recommended. 

Several further modifications of Exhibit 2 suggested during 

the hearing by interested parties were accepted by the staff. This 

matter was submitted on March 15, 197S upon the receipt of a draft 
decision from the staff to implement modifying Exhibit 2 to include the 

suggestions made at the hearing with the exception of increasing minimum 

clearances. 

Finding 

We find that the rules and regulations contained in Exhibit 2, 

with modification as agreed upon during the hearing on February 10, 197S, 
are reasonable and necessary to fulfill the Commission's responsibility 
under Public Utilities Code Section 77S. 
Conclusion 

The Commission concludes that the attached General Order 

should be adopted and that General Order No. 95 should be modified 

as hereafter ordered. The individual sections and subsections of 

Exhibit 2 have been renumbered to conform with the practice used in 

other Commission General Orders. The sequence of each part has not 
been altered. 

IT IS ORDERED that: 

1. General Order No. 143, attached hereto as Appendix A, is 

adopted to become effective on the effective date of this order. 
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2. Rule 74.4E of General Order No. 95, "Rules for Overhead 
Electric Line Construction" which reads: 

"E. UNDER BRIDGES, ETC. 

"A reduction of the clearances given in Table 1 
to a minimum of 14 feet for trolley contact 
conductors is permitted for subways, tunnels 
or bridges, provided the railway does not 
operate freight cars where the vertical distance 
from the top of car or load to trolley contact 
conductor is less than 6 feet. This will 
require the grading of the trolley contact 
conductor from the prescribed construction down 
to the reduced elevation (see App. G, Fig. 64). 

"No clearance is specified between the trolley 
contact conductor and the structure. Where 
the structure is of material which will ground 
the trolley current in the event the collector 
leaves the contact conductor, a properly 
insulated trolley trough or equivalent 
protection shall be installed to prevent 
contact between the collector and the structure. 
Where pantograph collectors are used, this 
protection is not required. See Rule 54.4-1 
for provisions applicable to conductors other 
than trolley contact conductors." 

is hereby modified to read as follows: 

E. UND~R B~IDGES, ETC. 

A reduction of the clearances given in Table 1 
to a minimum of 14 feet for trolley contact 
conductors is permitted for subways, tunnels 
or bridges, provided the railway does not 
operate freight cars where the vertical distance 
from the top of car or load to trolley contact 
conductor is less than 6 feet, except that 
for light rail transit systems, the minimum 
height shall be that set forth in General 
Order No. 14.3, "Rules for the Design, 
Construction and Operation of Light Rail 
Transit Systems Including Streetcar Operations." 
This will require the grading of the trolley 
contact conductor from the prescribed 
construction do-....m to the reduced elevation 
(see App. G. Fi g. 64). 
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No clearance is specified between the trolley 
contact conductor and the structure. Where the 
structure is of material which will ground 
the trolley current in the event the collector 
leaves the contact conductor, a properly 
insulated trolley trough or equivalent protection 
shall be installed to prevent contact between 
the collector and the structure. Where 
pantograph c.ollectors are used, this protection 
is not required. See Rule 54. 4-1 for provision·s 
applicable to conductors other than trolley 
contact conductors. 

3. The Executive Director of the Commission shall cause a copy 

of this decision to be served upon the interested parties listed in 

Appendix B hereto. 

The effective date of this order shall be thirty days after 

the date hereof. 

day of 
Dated at __ __,;;;S~an=-~F~r~an=c~i~s~c~o~----' California, this 27th 

June , 197e. -----------

President 

WILLIAM SYMONS, JR. 

VERNON L. STURGEON 

RICHARD D. GRAVELLE 

CLAIRE T. DEDRICK 
Commissioners 

Commissioner Robert Batinovich, 
being necessarily absent, did not 
participate in the disposition of 
this proceeding. 
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Adopted 

APPENDIX A 

General Order No. 143 

PUBLIC UTILITIES COMMISSION OF THE 
STATE OF CALIFORNIA 

RULES FOR THE DESIGN, CONSTRUCTION AND 
OPERATION OF LIGHT RAIL TRANSIT SYSTEr,S 

INCLUDING STREETCAR OPERATIONS 

A-11(6) 

June 27, 197$. Effective __ J_u_l~y_2_7-,_1_97~$ __ • 

Decision No. $9022 in Case No. 10411. -----
IT IS ORDERED by the Public Utilities Commission of the 

State of California that each public and private transit agency 
or authority operating in the State of California shall observe 
this general order in designing, constructing and operating 
light rail transit systems. The table of contents and rules 
are set forth below: 
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Section 

l 

2 

3 

4 

5 

6 

Description 

APPENDIX A 

TABLE OF CONTENTS 

Purpose 

Applicability 

Definitions -
Light Rail Transit 
Light Rail Vehicles 
Automatic Train Protection 
Automatic Train Stop 
Interlocking 
Cab Signal System 
Deadman Control 

Alignment Classification -
Exclusive 
Semi-Exclusive 
Non-Exclusive 

Construction Requirements -
Tracie Construction 
Structures 
Clearances 

3 

3 

3 

j 
4 
4 
4 
4 

4 
4 
5 

5 
5 
5 

Electrical and Communication 
At-Grade Roadway Crossings 
At-Grade Railroad Crossings 

Facilities 6 

Operating Requirements -
Headways. Speeds, etc., Related to 
Section 5 

7 
7 

7 

7 Public Utilities Commission Review -
Section 6 Requirements 

8 Operating Rules and Procedures -
Adoption, Training, Certification, 
Enforcement 8 

9 Light Rail Vehicles -
Construction, Braking System, Lights, 
Warning Devices, Glazing Materials 9 

10 Train Protection 12 

11 Safety Implementation 13 

12 Exemptions 13 

Figure 1 - Minimum Clearances 14 

Table 1 - Maximum Permitted Speeds on 
LRT Systems 15 
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1. Purpose: 

To establish rules and regulations governing the design, con­
struction and operation of light rail transit systems at grade 
and in vehicular traffic. It is intended that they be suf­
ficiently flexible to enable transit agencies to apply them 
uniformly in meeting the varying conditions that exist on 
their respective properties. However, the safety of patrons, 
employees and the public is of primary importance in every 
consideration. It is recognized that advancement in technoiogy 
and new experience may justify modification of the rules and 
regulations in the future and due consideration will be given 
at appropriate times toward updating them to meet the need. 

2. Applicability: 

These rules and regulations are applicable to all private light 
rail transit operators subject to the Commission's jurisdiction 
and to those public light rail transit operators designated 
by statutes to be subject to the Commission's regulations for 
safety. (Southern California Rapid Transit District, Section 
30646, Public Utilities Code and Santa Clara County Transit 
District, Section 100168, Public Utilities Code.) Light rail 
transit operators not subject to the Commission's jurisdiction 
are encouraged to follow these rules and regulations. 

3. Definitions: 

3.1 •Light Rail Transit (LRT) - "A mode of urban transportation 
utilizing predominantly reserved but not necessarily grade­
separated rights-of-way. Electrically propelled rail vehicles 
operate singly or in trains." 

3.2 Light Rail Vehicles (LRV) - An electrically propelled pass­
enger carrying rail vehicle capable of operating on each 
alignment classification described in Section 4. Passengers 
on light rail transit lines may be carried only in light rail 
vehicles (LRV). 

3.3 Automatic Train Protection (ATP) - A system of train control 
devices including cab or wayside signals that automatically 
indicate the state of the track ahead and at junctions (inter­
locking). 

*Definition adopted in 1976 by the Transportation Research 
Board Committee on LRT. 
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3.4 Automatic Train Stop (ATS) - A device that will automatically 
bring the train to a stop should the LRV operator disregard 
a stop indication or command of the .Automatic Train Protection 
system. 

3.5 Interlocking - An arrangement of signals and control apparatus 
so interconnected that functions must succeed each other in a 
predetermined sequence, thus permitting t r ain movements over 
routes only if non-conflicting conditions exist. 

3.6 Cab Signal System - A signal system whereby block conditions 
and speed commands are transmitted and displayed directly with­
in the train cab. The cab signal system may be operated in 
conjunction with a system of fixed wayside signals or separately. 

3.7 Deadman Control - A safety device that requires the operator's 
continuous pressure or activity to remain activated and used 
to detect the inattention or disability of a train operator. 

The abbreviations LRT, LRV, ATP and ATS are used throughout 
these rules and regulations in conformance with the definitions 
described in this section and LRV is to be considered singular 
or plural as appropriate. 

4. Alignment Classification: 

4.1 Exclusive: 

A fully exclusive right-of-way without at-grade crossings, 
also referred to as grade-separated or protected by a 
fence or substantial barrier, as appropriate to ~Le loca­
tion. (Includes ·subways and aerial structures.) 

4.2 Semi-Exclusive: 

4.2.1 Fully exclusive right- of-way with at-grade crossings, 
protected between crossings by a fence or substantial 
barriers, if appropriate to the location. 

4.2.2 Within street right-of-way, but protected by six-inch 
high curbs and safety fences between crossings. The 
safety fences should be located outside the tracks. 

4.2.3 Within street right-of-way, but protected by six-inch 
high curbs between crossings. A safety fence may be 
located between tracks. 

4.2.4 Within street right-of-way, but protected by mountable 
curbs, striping or lane designation. 
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4.3 Non-Exclusive: 

4.3.1 Mixed traffic operation - surface streets. 

4.3.2 LRT/Pedestrian Mall. 

5. Construction Requirements: 

5.1 Track Construction: 

A-11(10) 

Light rail track shall be constructed to standards appropriate 
for the type and weight of LRV, speeds, grade, curvature, drain­
age, etc. and shall conform generally to practice in the LRT 
industry. Track materials shall meet the applicable American 
Railway Engineering Association (AREA) standards. Track shall 
be maintained in proper gauge, alignments, surface level and 

· cross level. 

5.2 Structures: 

5.2.1 Buildin s Stations - Shall be designed and constructed to 
meet all Cali ornia Occupational Safety and Health Act (OSHA), 
State and local engineering and construction standards and 
codes. 

5.2.2 Civil Engineering Features - All bridges, viaducts, retaining 
walls and similar structures shall be designed in accordance 
with California Department of Transportation (CALTRANS) 
"Bridge Planning and Design Manual", adapted to light rail 
dimensions and loading where appropriate. 

5.3 Clearanc~s: 

The provisions of General Order 26-D, Sections 9, 10 and 
11, shall not apply to tracks used exclusively for rail 
passenger operations defined in Section 3.1 hereof as Light 
Rail Transit (LRT). The following clearance requirements 
shall govern LRT: 

5.3.1 All clearances shall be measured from the surface of 
the largest vehicle stationary on tangent track. The 
spacing of tracks and structures shall be increased 
proportionately !or curved track to provide the minimum 
clearances specified in Section 5.3.3 hereof at all 
locations. Minimum clearances shall be such that no 
contact can take place due to any condition of design 
~ear, loading or anticipated failure such as air 
spring deflation or normal lateral vehicle motion. 

5.3.2 The requirements of the applicable sections of General 
Order 26-D shall govern where LRT is operated: a) on 
or adjacent to tracks used for transporting freight 
cars; b) where LRT is operated with light rail ve­
hicles not having all windows and other openings sealed 
or effectively barred. 
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•5.3.3 The minimum clearances !or LRV that have all windows and 
other openings sealed or effectively barred and operated 
on tracks used exclusively for transit purposes shall be: 

5.3.3.1 Between LRV's on parallel tracks - 12 inches. 

5.3.3.2 Between LRV's and fixed wayside structures - 12 
inches except center poles and pedestrian fences 
not having rigid horizontal members such as 
railings - 6 inches. 

5.3.3.3 Between LRV's on medians and face of curb - 12 inches. 

5.3.3.4 Between LRV's and high level platforms - 3 inches. 

5.3.3.5 Between LRV's and low level platforms, horizontally 
from the widest equipment operated - 3 inches and 
sufficient vertically to avoid contact at all times. 
See 5.3.1 above. Subject to these conditions, low 
level platforms may extend beneath a Light Rail 
Vehicle. 

Alignment Classifications 4.1 and 4.2.1 segments having 
minimum clearances may be subject to speed profile reduc­
tion. 

5.3.4 Track installation and clearances shall provide sufficient 
room that in an emergency, passengers can leave a stalled 
train and reach a station or other exit point safely. 

5.3.5 Overhead clearance shall conform to General Order 95 
except that on Alignment Classifications 4.1 and 4.2.1, 
between crossings, and used exclusively for transit 
purposes the minimum contact wire clearance shall be 
9 inches above the height of the LRV pantograph in the 
retracted position. 'Where LRT is operated on or across 
railroad tracks at grade, overhead clearances less than 
those specified in General Order 95 may be authorized 
at specific locations, provided warning signs, telltales 
and other safety devices appropriate to the location, 
are installed. 

5.4 Electrical and Communication Facilities: 

- l 
. J 

: i 

5.4.1 Above Ground construction of electrical and communication i 

5.4.2 

lines, including trolley contact and third rail conductors, 
shall comply with the provisions of General Order 95, except 
as provided in Subsection 5. 3. 5. Exemptions from trolley con- -' 
tact wire clearances for specific locations will be considered 
when requested in accordance with Section 12 herein. 

Underground construction of electrical and communication 
lines shall comply with the provisions of General Order 123. 

*See figures 1 and 2. 
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In addition, the provisions of California OSF...A, National 
Electrical Code, Electrical Safety Orders of California, 
Title 8 and loc·a1 electrical safety codes shall apply. 

A-11(12) 

In the event of conflict, the most stringent code shall apply. 

5.5 At-Grade Roadway Crossings: 

5.5.1 Roadway crossings of transit rails shall be designed 
and constructed in accordance with General Order 
72-B. 

5.5.2· All LRT crossings and intersections shall be equipped 
with a traffic control device and/or'railroad-type· 
warning device to clearly assign the right-of-way 
among the conflicting movements. · 

5.5.2.1 Railroad-type warning devices, where used, shall 
be installed in accordance with General Order 
75-C. 'Where the same right-of-way is shared with 
other rail lines, such warning devices shall 
operate for both LRT and train movements on those 
lines. 

5.5.2.2 Standard #10 (GO 75-C) pedestrian crossing warning 
devices shall be installed at pedestrian grade 
crossings in Alignment Classifications 4.2.1 and 
4.2.2 which are not a part of vehicular crossings. 
Traffic signals or other approved devices may be 
used in Alignment Classifications 4.2.3 and 4.2.4. 

5. 5. 2. 3 Highway-type traffic control devices ( t:i.•d.ffic 
signals, stop signs) shall be installed- in accor­
dance with the Traffic Manual - State of California, 
Department of Transportation, current edition. 

5.6 At-Grade Railroad Crossings: 

At-grade crossings of railroad tracks shall be protected by 
interlocking, ATP, and ATS, except where the light rail track 
is in a street right-of-way, the Commission may authorize other 
protective measures . 

6. Operating Requirements: 

6.1 Basic Speed Ru.le: 

The other provisions of this section notwithstanding, the 
operator of an LRV shall at all times operate at a safe speed 
that is consistent with weather, visibility, track conditions, 
traffic, traffic signal indications and the indications of ATP 
systems where used. 
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6.2 Speed Profile: 

LRV- shell be operated at all times within the maximum 
speed profiles established for the system. System speed 
profiles shall be contained in the Transit Authority's 
Operating Rules and Procedures (Section 8). Speed 
limit signs which are visible from the operator's cab 
shall be posted in advance of critical locations. 

6.~ Maximum Speeds: 

The maximum speeds permitted on an LRT system shall be 
established in accordance with Table l. Refer also to 
Section 7. 

6.4 Hand Signaling Devices: 

Colored flags and lights, fusees (flares) shall be used 
where appropriate to control LRV movements. 

6.5 Audible Warning: 

The LRV operator shall sound an audible warning at public 
crossings and in traffic as required by local regulations. 

6.6 Headways: 

Minimum headways shall be governed by: 

6.6.1 ATP where used. 

6.6.2 ~erating Rules. 

7. Public Utilities Commission Review: 

All orders, rules and speeds as proposed by the transit authority 
!or LRT operations, regardless of alignment classification, 
shall be subject to PUC review. 

8. Operating Rules and Procedures: 

Each transit authority !!hall adopt and enforce operating 
rules and procedures governing its employees whose duties 
affect the safety of LRT operations. Copies of such rules and 
procedures shall be filed with the Commission not less than 
t'.enty working days before the rules and procedures are im­
plemented. Any subsequent amendments thereto shell be sub­
mitted to the ~om.mission not less than twenty working days 
prior to implementation. Such employees shall: 
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8.1 Receive training in the proper application of the operating 
rules and procedures in performing their duties. 

8.2 Be required to pass an examination to determine their knowledge 
and understanding of the rules and procedures. Employees trans­
ferred to positions of different responsibility shall be required 
to pass an examination appropriate for the new position. 
Employees shall be certified by the transit authority as to 
their qualifications for their respective positions as they 
relate to the employee's knowledge and understanding of the 
operating rules and procedures, hereto. 

8.3 Be required to pass an examination to determine their know­
ledge and understanding of all applicable Federal, State, and 
local regulations and ordinances which shall be included in 
the operating rules and procedures. 

8.4 Be given refresher training at appropriate intervals to 
assure their continued qualifications for their respective 
duties per Section 8.2 above. 

8.5 Possess a valid Class 2 California Vehicle Driver's License. 

9. Light Rail Vehicles: 

New vehicles contracted and constructed after January 1, 1978, 
intended for passenger operation on LRT lines shall conform to 
the requirements of this section. 

9.1 Construction: 

9.1.1 Vehicles shall be designed and constructed according 
to the technology that will insure their crash­
worthiness in case or a collision. Anti-Climbers and 
other devices shall be installed to reduce the likeli­
hood of one car overriding the frame of another car 
during collision and intruding into the body of the 
other car. Under-frame construction, collision posts 
and end frame construction shall be capable of passing 
the following test: 

Under a combined vertical load representative of 
a maximum design passenger load and a horizontal 
load of 2G (empty car) applied at the end sills, 
the stress (unrelieved by permanent strain) in 
the principal framing members shall not be greater 
than the yield of the material. 

9.1.2 ~indshields, window and partition glazing materials 
shall be of shatterproof construction capable of 
resisting shock and penetration by foreign objects 
that may strike the material du.ring normal operation. 
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9.1.3 Vehicles shall be provided with manual operating 
capability including, but not limited to, manual con­
trol of propulsion, braking and doors and visual/audio 

· indications needed for manual monitoring of vehicle 
performance and vital functions. Additionally, 
vehicles shall be equipped with a speed indicator 
which shall be maintained to indicate actual speed 
within 3 mph and a Deadman Control as defined in 
Section 3.7. Vehicles operating on Alignment Class­
ifications 4.1 and 4.2.1 where ATP plus ATS is re­
quired ae depicted in Table 1 shall be equipped with 
ATS control. Cab Signal equipment as defined in 
Section :;.6 is optional. 

9.2 Brakes: 

LRV shall have, as a minimum, a service braking system 
consisting of dynamic/regenerative and friction brakes, 
an independent emergency magnetic track brake system and 
a parking brake system. 

9.2.1 The service braking system shall provide braking 
capability for all vehicle weights up to a full 
passenger load utilizing both dynamic/regenerative 
and friction brakes continuously blended and jerk­
limited to attain the desired braking rate over the 
entire operating speed range up to overspeed cutoff. 

9.2.2 All LRV's shall be capable of the following dry-track 
braking rates under all loading conditions: 

Maximum full braking rate 
Nominal full braking rate 
Minimum full braking rate 
Emergency braking rate 

from max to 30 mph 
from 30 mph to 20 mph 
from 20 mph to 10 mph 
from 10 mph to zero 

4.0 mphps 
3.5 mphps 
3.0 mphps 

4.0 mphps minimum 
6.0 mphps minimum 
5.0 mphps minimum 
3.5 mphps minimum 

9.2.3 In the event of dynamic brake failure, the friction 
brake system shall have the capability of providing 
an average braking rate of not less than the 
minimum rate established by the Transit Authority 
over the entire operating range. 

9.2.4 The emergency braking system shall utilize the 
capabilities of the service brake plus the applica­
tion or magnetic track brakes and sand as required. 
Emergency braking rates shall be available for 
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vehicle weights up to a maximum design passenger 
load. Emergency brake application shall not be 
jerk-limited. Slip/spin protection, where used, 
shall be designed for fail-safe operation such that 
the normal system failure mode will cause a by-pass 
of the slip/spin protection. 

A-11(16) 

9.2.5 All braking systems shall be monitored continuously 
for any detectable failures by a fail-alarm checking 
system. Should an impending failure of either the 
dynamic or friction braking system or components 
thereof be detected, a visual and audible warning 
shall be annunciated followed by a manual application 
of the magnetic track braking system by the LRV opera­
tor and the train brought to a stop at the earliest 
possible moment. The train may then proceed at a 
reduced speed to the closest station stop where the 
passengers shall be off-loaded. The train shall 
then be moved out-of-service to the nearest dead 
track, yard or terminal for repairs. 

9.2.6 A parking brake function, which may be an integral 
part of the service brake, shall be provided on each 
vehicle. The parking brake/hand brake shall have the 
capability to hold a fully loaded car on the maximum 
grade to be encountered without power available. 
Design shall be such that the parking/band brake 
function can be utilized from each cab with no power 
source available. It shall also be semi-automatic 
in that it shall be applied when the vehicle is placed 
in the lay-up mode and the cab transfer key has been 
removed from the master controlier. Parking brake 
shall be interlocked with propulsion control to pre­
vent application of power when the parking brake is 
set on a single car or train. 

9.3 Doors: 

9.3.1 The side door operating function shall be interlocked 
with the propulsion and brake control to prevent a 
vehicle ~rom moving whenever the operator has enabled 
the door interlock function and a door is open. 

9.;.2 All side doors that are not directly within the operator's 
sight a.nd under his supervision shall contain a.n obstruc­
tion protection device which shall operate only when the 
operator has ene.bled the door interlock function. When 
activated, by s.n obstruction, this device ■hall cause tbe 
door to release and renain released for e.n adjustable 
time period, then the door will atte~pt to close again. 
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9-~ LiEShts - Exterior: 

9.4.1 Headlights, taillights, clearance lights and turn 
signals shall comply with the provisions of Division 
12, Chapter 2 of the California Vehicle Code. Other 
or brighter headlights may be installed, but may not 
be operated when the light would conflict with the 
Code concerning approaching motor vehicles. 

9.4.2 Curb and platform illumination lamp(s) shall be 
located at each doorway and will provide not less 
than two-foot candles of illumination measured on the 
street and platform 24 inches (61 cm) away from the 
vehicle in a horizontal direction. This light shall 
be on when the door is opened and extinguished when 
the door is closed. 

9-5 Lights - Interior: 

9.5.1 The lighting intensity at each seat shall have an 
overall average of not less than 20-foot candles 
measured at a plane 36 inches (92 cm) above the 
floor. 

•9.5.2 All stepwells and floor level exits shall be en­
tirely illuminated without shadows. The lighting in­
tensity on the surface of the step tread shall be 
not less than 5-foot candles. 

9.6 Warning Devices: 

The lead unit of every light rail train shall be equipped 
with an audible warning device such as a horn, whistle, 
or bell capable of emitting sound audible under normal 
conditions from a distance of not less than 500 feet. 

10. Train Protection: 

It is intended that an LRV operator will normally maintain 
visual/manual control of a vehicle or train. In addition, 
Automatic Train Protection as defined in Section3.3 may be 
required at locations with restricted visibility or other 
special operating conditions. In accordance with Table 1, 
Automatic Train Protection shall be required wherever speeds 
in excess of 45 mph are permitted. Automatic Train Protection 
and Automatic Train Stop shall be required wherever speeds in 
excess of 55 mph are permitted and wherever interlocking is 
provided at railroad crossings in accordance with Section 5.6. 

*Applies to vehicle equipped to serve curb level and floor 
level passenger platforms. 
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11. Safety Imnlementation: 

Any California transit authority subject to the jurisdiction 
of the Com.mission wishing to build a new LRT system or expand, 
renew or improve its existing LRT facilities shall !ile with 
the Com.mission its plans to implement the safety provisions 
of Sections 5, 6, 9 and 10 herein, not less than thirty 
~orking days prior to letting a contract for construction. 

12. Exemptions: 

Requests for exemptions from these rules shall contain a full 
statement of the reasons justifying the requested exemptions 
and demonstrating that safety is not reduced thereby. Any 
exemption so granted shall be limited to the particular case 
covered by the request. 
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MINIMUM CLEARANCES DESCRIBED IN SECTIONS 5.3.3.1 TO 5.3.3.5 INCL. 

Wayside 
Structure 

A-11(19) 

Curb 6" High 

Figure 1 

* Low Level 
High Level Platform 

Platform 

Figure 2 

* Low level platforms may extend beneath a light rail vehicle. provided 

the minimum horizontal and vertical clearances specified in Section 

5.3.3.5 are maintained. 
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Tn bl e l 
MAX l ~1\JM PEHM ITT ED SPEEDS ON LRT SYSTEJ1S 

All p;nment Cronsl ng or IntC'rncctinn 
Clnr;nific11tion Control 

4.1 Exclunlve Not Applicnb]e 
Not Appli.criblP. 
Not Applicribl P. 

lj. 2. I Fenced Right-of-Wny with 1) Between Crossings 
At-Grode Cronsings 

2) At Croseinge 

Fleohlng Llghte end Gntee 
Fleshing Lights end Gntes 
Flnshlng Lights end Gntes 
Traffic Signal or Other 
Approved Device 

4.2.2 Street Medien or Side 1) Between Cros~ings 
Alignment with 6" Curb 
And Fence 

2) At CroABinp;s 

Fleehing Lights end Gates 
(Side Alignment Only) 

Traffic Signal or Other 
Approved Device 

,, . 2. 3 Street Median or Side Traffic Sip;nel or Other 
Alignment with 6" Curb Approve<l Device 

4. 2.11 Mountnhle Curb or Transit Treffic Signal or Other 
LnnP. Approved Device 

,, . ~. l Mixed Traffic Traffic SignHl or Other 
Approved Dev'ce 

ll. 3. 2 PPdentril'n M111l Tr11f!ic Signal or Other 
Approved Device 

rlnt,.11: 1) Gp.-ed in llmitecl only by vehicle or olignment ch11rncterioticri. 
?) Provided edequrite ntopplng sight distance is availnhle. 

Trnin Mn1dnn1m 
ProtC'ction Permitted Spcf'd No'ten 

ATP & ATS No Limit l 
ATP Only 55 Ml'II 
None Requirecl 45 MPH 2 

Train Protection and Mnximum Permitted Speed nfl for 
Alip;nment Clnnsificntion 4.1 above 

ATP & ATS No Limit 1 
ATP Only 55 1'1.PH 
None Required 45 MPH 2 
None Required See Footnote 3 2,3 

None Required Legel Speed or Parallel Traffic 2,5 
• 10 MPH 

None Requlrfld Legel Speed of Per11llel Traffic 2,5 
+ 10 11Pll 

None Required Leir,el Speed of Parallel Trnffic 2 
But not to Exceed 35 NPII 

None Required 1"'g11l Speed of Perallel Tr11ffic 2 
But not to Exceed 35 MPII 

None Required Legal Speed of Pnrallel Traffic 2 
But not to Exceed 35 MPH 

N,,ne Required Legnl Speed of P11r11llel Traffic ;, 
But not to Exceed 35 Mrll 

None Required 20 MPII 4 

3) Traffic sign11l or other npproved device at croeeinge en '+.2.1 right-of-wny may be authori1.ed only in special locntione, where 
npeedn do not eJtceed 25 MPII (riuch en nt ntntions). 

4) l~wer npeed may he required for mnlls paved flush with the trncko. 
5) Maxim11m "P""d 55 MPH unlPnn ATP & ATS nrfl providPd. MnJt!mum speed '+5 MP!! 11nlPRS ATP is provided. 
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David Minister 
Transportation Agency 
County of Santa Clara 
1555 Berger Drive 
San Jose, CA 95112 

Donald M. Gardner 
Senior Electrical Engineer 
Southern California Rapid Transit 
District 

425 South Main Street 
Los Angeles, CA 90013 

Mark Lowthian 
Manager of Maintenance 
San Diego Transit Corporation 
P.O. Box 2511 
San Diego, CA 92112 

Gerald B. Leonard 
Director 
Southern California Rapid Transit 
District 

425 South Main Street 
Los Angeles, CA 90013 

Thomas A. Mullaney 
Senior Civil Engineer 
San Francisco Muni Railway 
949 Presidio Avenue 
San Francisco, CA 94115 

Demo Ada.ms 
Director, Bureau of Personnel 

and Safety 
San Francisco Muni Railway 
949 Presidio Avenue 
San Francisco, CA 94115 

Donald 0. Cameron 
General Division Superintendent 
San Francisco Muni Railway 
949 Presidio Avenue 
San Francisco, CA 94115 

H. L. Stuart 
Senior Railroad Consultant 
v.'yer, Dick & Co. 
8 Park Place 
Newark, New Jersey 07102 
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Toyoo Nitake 
San Francisco Muni Railway 
949 Presidio Avenue 
San Francisco, CA 94115 

Charles E. Zell 
Chief, Office of Transit 
Operational Assistance 

California Department of · Transp. 
1120 N Street 
Sacramento, CA 95814 

Louis J. Anjeli 
San Francisco Muni Railway 
949 Presidio Avenue 
San Francisco, CA 94115 

Walter Stull 
Metropolitan Transportation Comm. 
Hotel Claremont 
Berkeley, CA 94705 

Don Morgan 
Metropolitan Transportation Comm. 
Hotel Claremont 
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