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CHAPTER 1

INTRODUCTION

Good decisions about transportation investments and policies require accurate information on

characteristics of transportation system alternatives. The literature offers many tools for

estimating these characteristics; however, the data presented are often out-of-date, inconclusive,

unspecified, or highly local in nature. The very number of sources can confuse rather than help

in the search for pertinent information, and measurement differences can result in statistics being

misleadingly compared or grouped.

The objective of this document is to provide a single source of sketch planning data on the most

important performance characteristics of contemporary urban transportation systems in a format

that lends itself to easy reference. This handbook does not deal explicitly with passenger

demand, but assesses only the supply or performance characteristic of urban transportation

systems, including the following:

• Speed

• Capacity

• Operating costs

• Labor inputs

• Capital costs

• Energy consumption

• Emission of air pollutants

• Accident rates and costs

Organization of This Handbook

The substantive material in this handbook is organized into five chapters:

• Rail Transit (rapid, light, and commuter)

• Bus Transit

• Automobiles, Trucks, and the Highway System



• High-Occupancy Vehicle (HOV) Lanes

• Automated Guideway Transit (AGT)

Each chapter consists of a brief introduction and a series of tables providing quantitative

information on system characteristics. To the extent possible, tables in this handbook are

designed to stand alone, with sources and definitions repeated on individual tables.

Caveats Regarding Use of This Handbook

This handbook is specifically for use by transportation planners in the preliminary evaluation of

alternative systems, and so the relationships presented are purposely simplified. In most cases,

these relationships are not sufficiently refined for use in detailed studies such as transit

operations analysis, traffic engineering, or detailed design. Nothing in this handbook should be

used to supersede or confute competently developed site-specific estimates.

Obviously, dollar values presented in this handbook will need to be adjusted for inflation as time

passes. Consumer, transportation, labor, and construction cost price indices are presented in

Appendix A.

How To Acquire Additional or Updated Information

This section provides a brief description of key annual and monthly statistical sources that can

be used to update the information in this handbook.

Survey of Current Business, published monthly by the Bureau of Economic analysis of the U.S.

Department of Commerce, is a comprehensive source of price and income data. It contains

many detailed cost indices, as well as other information on economic activity. Orders should

be sent to the Superintendent of Documents, U.S. Government Printing Office, Washington,

D.C. 20402. Phone: (202)-783-3238.

Recorded information on price indices and other economic indicators compiled by the Bureau

of Labor Statistics (BLS) is available on the following numbers:

• Major BLS Indicators ~ (202)-523-9658

• Consumer Price Index detail ~ (202)-523-1239

• Producer Price Index detail - (202)-523-1765

Economic Indicators, published monthly by the Joint Economic Committee of the U.S.

Congress, summarizes general price indices and other economic indicators. Orders should be

sent to the Superintendent of Documents, U.S. Government Printing Office, Washington, D.C.

20402. Phone: (202)-783-3238.



Engineering News-Record, published weekly by McGraw Hill, Inc., contains information on

construction and construction prices. Subscription orders should be sent to Fulfillment Manager,

Engineering News-Record, P.O. Box 430, Hightstown, NJ 08520.

National Urban Mass Transportation Statistics, published annually by the Federal Transit

Administration, contains information about each transit operation in the U.S. that receives FTA
support. It includes data on transit revenues, expenses, services, safety, energy consumption,

maintenance, mileage, employee counts, fleet size, and fleet age. The document is available

from the Office of Technical Assistance, Federal Transit Administration, 400 7th Street, S.W.,

Washington, D.C. 20590. Phone: (202)-426-9157.

Transit Fact Book, published annually by the American Public Transit Association (APTA),

provides a statistical profile of U.S. transit and trends of transit finances and operations. This

document is available from American Public Transit Association, 1201 New York Avenue,

N.W., Suite 400, Washington, D.C. 20005. Phone: (202)-898-4000.

Motor Vehicle Facts and Figures, published annually by the Motor Vehicle Manufacturers

Association, gives price, production, operating cost, fleet composition, accidents, and fuel

economy data assembled from various primary sources. Copies can be ordered from the

Communications Department, Motor Vehicle Manufacturers Association, 300 New Center

Building, Detroit, Michigan 48202.

Statistical Abstract of the United States, published annually by the U.S. Bureau of the Census,

contains a wealth of price, income, production, and other data of interest to transportation

planners. The Statistical Abstract can be ordered from the superintendent of Documents, U.S.

Government Printing Office, Washington, D.C. 20402. Phone: (202)-783-3238.

Highway Statistics, published annually by the Federal Highway Administration, contains data

on motor fuel consumption, motor vehicle registration, drivers licenses, highway finance,

highway travel, fuel economy, and highway performance. Highway Statistics is available from

the .juperintendent of Documents, U.S. Government Printing Office, Washington, D.C. 20402.

Phone: (202)-783-3238.

CPI Detailed Report, published monthly by the Bureau of Labor Statistics, reports monthly

consumer price movements (including gasoline prices) in urban areas. Single copies or

subscriptions can be ordered from the Superintendent of Documents, U.S. Government Printing

Office, Washington, D.C. 20402. Phone: (202)-783-3238.

Monthly Labor Review, published monthly by the Bureau of Labor Statistics, provides articles

on labor force, wages, prices, productivity, and economic growth. Each issue presents an up-to-

date review of the principal statistical series collected by the BLS, including data on

employment, unemployment, consumer and producer prices, wages, and productivity. Single

copies or subscriptions can be ordered from the Superintendent of Documents, U.S. Government

Printing Office, Washington, D.C. 20402. Phone: (202)-783-3238.





CHAPTER 2

RAIL TRANSIT

This chapter provides quantitative information on the following characteristics of rapid rail, light

rail, and commuter rail systems:

• Speeds

• Accident rates

• Operating costs

• Labor requirements

• Energy consumption

• Capital costs

• Capacities

Information on speeds, accident rates, operating costs, labor requirements, and energy

consumption in this chapter are summarized (in the form of average, high, and low values) from

1989 UMTA Section 15 reports. Data on the characteristics of individual rail systems are

presented in Appendix B.



TABLE 2-1

AVERAGE RAIL TRANSIT SPEEDS

Systemwide Speed (MPH)

'

Low^ Average^ High^

Rapid Rail (12)^ 15. 8 22.5 29,0

Light Rail (12) 8.9 12 .

0

23 . 3

Commuter Rail (9) 27.6 30.1 36.5

•

SOURCE: UMTA Section 15 data for 1989

'Systemwide speed is actual vehicle revenue miles per vehicle
revenue hour of operation. Revenue miles exclude all vehicle miles
traveled when not in regular passenger service (i.e. , deadheading)

.

The ratio of total vehicle miles to revenue miles is shown in
Tables B-1, B-2, and B-3 in Appendix B for each rail rapid transit
system, light rail system, and commuter rail system, respectively.
The ratios average 1.04, 1.02, and 1.08 for the three rail modes.

^Low and high values omit two small systems that may be
unrepresentative: Seattle's two car streetcar operation (5.0 mph)
and Staten Island Rapid Transit, a 3 6 car system which is
classified as commuter rail (21.2 mph).

^Average speeds are harmonic means, unweighted by system size.
Harmonic means are calculated by (1) inverting speeds for each
system to get hours per mile, (2) taking the arithmetic mean of
hours per mile, and (3) inverting the result. For example, the
harmonic mean of 50 mph and 2 5 mph is calculated by (1) inverting
the two speeds to get 0.02 and 0.04 hours per mile respectively,
(2) taking the arithmetic mean to get 0.03 hours per mile, and (3)
inverting the result to get 3 3.3 mph.

'*Number of systems used in calculating averages.



TABLE 2-2

RAIL TRANSIT ACCIDENTS PER MILLION PASSENGER MILES

Accidents Injuries Deaths

Rapid Rail

Average (12)^ 0.98 0 .91 0 . 003

Low 0.21 0.21 0. 000

High 2 .91 2.21 0.017

Light Rail

Average (13) 6.43 3 .93 0 . 020

Low 0. 08 0. 00 0 . 000

High 15. 37 7 .91 0 . 151

Commuter Rail

Average (10) 0. 59 0.52 0. 007

Low 0. 00 0. 00 0 . 000

High 2 . 38 1 . 83 0 . 029

SOURCE: UMTA Section 15 data for 1989

'Number of systems used in calculating averages.
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CHAPTERS

BUS TRANSIT

This chapter provides quantitative information on the following characteristics of bus systems:

• Speeds

• Operating costs

• Labor requirements

• Energy consumption

• Capital and rehabilitation costs

• Performance characteristics

• Capacities

• Accident rates

Information on speeds, accident rates, operating costs, labor requirements, and energy

consumption in this chapter are summarized (in the form of average, high, and low values) from

1989 UMTA Section 15 reports. Section 15 data on the characteristics of individual bus systems

with more than 250 vehicles operated in maximum service are presented in Appendix C. Section

15 data on trolley bus systems are also presented in Appendix C.
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TABLE 3-3

BUS OPERATING COSTS PER UNIT OF SERVICE
BY SYSTEM SIZE AND PEAK TO BASE RATIO

Operating Cost
Per Per

Revenue Revenue Per Peak
System Size' and Vehicle Vehicle Vehicle
Peak to Base Ratio^ Mile Hour ( thousands )

250 or More Buses
Ratio > 2.00 (16)^ $4.61 $64.24 $148
Ratio < 2.00 (18) 4.82 59.77 184

100-249 Buses
Ratio > 2.00 (20)
Ratio < 2.00 (30)

50-99 Buses
Ratio > 1.75 (18)
Ratio < 1.75 (15)

25-49 Buses
Ratio > 1.50 (28)
Ratio < 1.50 (45)

3.80 57.81 120
3.75 47.62 138

3.79 52.53 103
3.54 55.28 136

2.85 38.35 96
2.88 38.10 116

Fewer Than 2 5 Buses
Ratio > 1.50 (30) 2.59 36.00 83
Ratio < 1.50 (56) 2.56 34.94 101

All Motor Buses (363)^* $3.09 $42.70 $112

Trolley Buses (5)^ $5.77 $60.97 $169

SOURCE: UMTA Section 15 data for 1989

'Vehicles operated in maximuin service.

^Vehicles operated in average PM peak divided by vehicles
operated in average base period.

^Numbers in parentheses are the number of bus systems for which
data are available.

'^The complete motor bus data base includes several transit
systems for which peak to base ratios are not available. Data are
missing for some of the above variables for a few transit systems.

^Four of the five trolley bus systems are part of systems in
the largest size class above. Dayton is in the second size class.



TABLE 3-4
BUS OPERATING COSTS AND EMPLOYEES PER PLACE MILE' BY SYSTEM SIZE

Operating Cost Employees
Per 1,000 Per 1,000

Size of System^ Place Miles Place Miles

250 or More Buses (34)^
Average $ 70 1.3 6

Low 45 0.90
High 137 2.24

100-249 Buses (53)
Average 58 1.18
Lov/ 2 6 0.56
High 115 2.30

50-99 Buses (38)
Average 59 1.2 5

Low 3 0 0.64
High 114 2.09

25-49 Buses (82)
Average 52 1.30
Low^ 25 0.66
High'* 95 2.05

Fewer Than 25 Buses (156)
Average 64 1.91
Low'* 19 0.63
High'* 182 4.20

All Motor Buses (363) $ 60 1.54

Trolley Buses (5) $ 83 2.28

SOURCE: UMTA Section 15 data for 1989

'Place miles (or revenue capacity miles) are calculated as
revenue vehicle miles times the average passenger capacity (seated
plus standing) of the active vehicles in the fleet.

^Vehicles operated in maximum service.

^Numbers in parentheses are the number of bus systems for which
data are available.

^Lows and highs in these size classes exclude a few systems
with extreme values.



TABLE 3-5
BUS LABOR INPUTS PER UNIT OF SERVICE BY SYSTEM SIZE

Size of System ^

250 or More Buses (34)^
Average
Low
High

100-249 Buses (53)
Average
Low
High

50-99 Buses (38)
Average
Low
High

Employees (Full Time Equivalents)
Per 1,000 Per 1,000 Per 1,000 Per
Rev. Veh. Rev. Veh. Passenger Peak
Miles Hours Miles Vehicle

0.091
0. 058
0. 157

0. 077
0. 037
0. 162

0. 075
0. 045
0. 138

1. 19
0.89
1.77

1.05
0.62
1.48

1.13
0.69
2.38

7.75
3.01

13.64

7.72
1.45

14 . 87

9.57
1.76

36. 54

3.19
2 .29
4.78

2.70
0. 60
7.08

39
88
71

25-49 Buses (82)
Average 0.067
Low 0.047
High 0.099

Fewer Than 2 5 Buses (156)
Average 0.070
Low^ 0.043
High' 0.219

0. 90
0. 61
1.23

0.98
0. 06
1.76

11. 42
3 .46

22 . 04

24.46
0.89

96. 45

51
54

3.73

2.57
1.00
5.77

All Motor Buses (363)

Trolley Buses (5)"*

0. 073

0. 160

1. 01

1. 57

15.82

12 . 55

2.61

4.50

SOURCE: UMTA Section 15 data for 1989

'Vehicles operated in maximum service.

^Numbers in parentheses are the number of bus systems for which
data are available.

'Lows and highs for the smallest size category exclude a few
systems with extreme values.

'*Four of the five trolley bus systems are part of systems in
the largest size class above. Dayton is in the second size class.



TABLE 3-6
BUS LABOR INPUTS PER THOUSAND REVENUE VEHICLE MILES

BY TYPE OF EMPLOYEE AND BY SYSTEM SIZE

Vehicle
Operators
Per 1,000
Rev. Veh.
Miles

0. 051
0. 033
0. 085

Size of System '

250 or More Buses (34)
Average
Low
High

100-249 Buses (53)
Average 0.048
Lov/* 0.02 0

High"* 0.082

50-99 Buses (38)
Average 0.047
Low 0.028
High 0.089

25-49 Buses (82)
Average 0.044
Low 0.03 0

High 0.072

Fewer Than 25 Buses (156)
Average 0.044
Low^ 0.02 3

High 0.118

Vehicle
Mechanics^
Per 1,000
Rev. Veh.
Miles

0. 012
0. 007
0. 022

0. 009
0.003
0. 027

0. 008
0. 002
0. 019

0. 007
0. 002
0. 015

0. 007
0. 000
0.029

Other
Employees
Per 1,000*
Rev. Veh.
Miles

0. 028
0 . 015
0 . 050

0. 020
0. 006
0.031

0 . 020
0. 010
0. 031

0. 016
0. 008
0.034

0. 019
0. 003
0. 088

Total
Employees
Per 1,000
Rev. Veh,
Miles

0. 091
0 . 058
0. 157

0. 077
0.037
0. 126

0. 075
0 . 045
0. 138

0. 068
0. 047
0. 099

0. 070
0. 043
0. 219

All Motor Buses (363) 0.045 0.008

Trolley Buses (5)^ 0.078 0.021

SOURCE: UMTA Section 15 data for 1989

0. 019

0. 061

0 . 073

0. 160

'Vehicles operated in maximum service.

^Numbers in parentheses are the number of bus systems for which
data are available.

^"Mechanics" are "revenue vehicle inspection and maintenance"
employees

.

'*Lows and highs in these size classes exclude a few systems
with extreme values.

^Four of the five trolley bus systems are part of systems in
the largest size class above. Dayton is in the second size class.



TABLE 3-7
BUS LABOR INPUTS PER THOUSAND REVENUE VEHICLE HOURS

BY TYPE OF EMPLOYEE AND BY SYSTEM SIZE

Size of System '

250 or More
Average
Low
High

Buses (34)

Vehicle
Operators
Per 1,000
Rev . Veh

.

Hours

0. 67
0.54
0.98

100-249 Buses (53)
Average 0.66
Low 0.48
High 0.99

50-99 Buses (38)
Average 0.72
Low 0.44
High 1.61

25-49 Buses (82)
Average 0.59
Low^ 0.43
High 0.88

Fewer Than 2 5 Buses (156)
Average 0.61
Low^ 0.35
High'* 1.44

Vehicle Other
Mechanics^ Employees
Per 1,000 Per 1,000
Rev. Veh. Rev. Veh.
Hours Hours

0.15
0. 10
0.23

0. 12
0. 05
0. 29

0. 12
0. 04
0.32

0. 10
0. 03
0. 19

0. 10
0. 02
0.32

0. 37
0.22
0. 66

0.27
0. 10
0. 58

30
13
73

0.22
0. 11
0.50

0.27
0. 04
1. 06

Total
Employees
Per 1,000
Rev . Veh

.

Hours

1.19
0.89
1.77

05
62
48

13
69
38

0.91
0. 61
1.23

0.98
0. 53
1.76

All Motor Buses (363) 0.63 0.11

Trolley Buses (5)^ 0.76 0.20

SOURCE: UMTA Section 15 data for 1989

0.27

0. 61

1.01

1.57

'Vehicles operated in maximum service.

^Numbers in parentheses are the number of bus systems for which
data are available.

^"Mechanics" are "revenue vehicle inspection and maintenance"
employees

.

''Lows and highs in these size classes exclude a few systems
with extreme values.

^Four of the five trolley bus systems are part of systems in
the largest size class above. Dayton is in the second size class.
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TABLE 3-13
DIMENSIONS OF TYPICAL TRANSIT BUSES

Length 40' (12.2 m)

Width 8'6" (2.6 m)

Height 10'9" (3.3 m)

Front Overhang 7' 4" (2.2 m)

Rear Overhang 9'5" (2.9 m)

Inside Turning Radius 30' (9.1 m)

Outside Turning Radius 47' (14.3 m)

Outside Turning Radius
with Overhang 51'2" (15.6 m)

Steps from Ground 1'5" (0.43 m)

Front Door Clear Opening 2'6" (0.76 m)

Rear Door Clear Opening 2'2" (0.66 m)

Empty Weight 25,480 pounds (11, 558 kg)

Gross Weight 3 6,64 0 pounds (16, 620 kg)

Wheelbase 23'9" (7.2 m)

SOURCE

:

Charles A. Fuhs; Hiah-Occupancy Vehicle Facilities: A
Planning, Design. and Operation Manual ; Parsons,
Brinckerhof f , Quade, & Douglas; 1990.
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TABLE 3-15
TYPICAL TRANSIT BUS PERFORMANCE CHARACTERISTICS

Acceleration (mph/sec)

0-10 mph 3 .33

10-30 mph 2.22

30-50 mph 0.95

Normal Deceleration (mph/sec) 2-3

Top Speed (mph) 65

Metric Units

Acceleration (km/h/sec)

0-16 km/h 5.36

16-48 km/h 3 . 57

48-80 km/h 1. 53

Normal Deceleration (km/h/sec) 3.2-4.8

Top Speed (km/h) 105

SOURCE: Charles A. Fuhs; High-Occupancy Vehicle Facilities; A
Planning, Design. and Operation Manual ; Parsons,
Brinckerhoff , Quade, & Douglas; 1990.
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TABLE 3-18
BOARDING AND ALIGHTING TIMES

(SECONDS PER PASSENGER)

ALIGHTING PASSENGERS

Very little hand baggage and
parcels; few transfers 1

.

5-2 . 5

Moderate amount of hand baggage or
many transfers 2 . 5-4 . °

Considerable baggage from racks
(intercity runs) 4 . 0-6. 0

BOARDING PASSENGERS

No "PaTP tiriVTien't" on ho^^THincr 1

.

5-2 . 5

Single coin or token with fare box 2 . 0-3 . 0

Multiple coin cash fares 3 . 0-4 . 0

Zone fares prepaid and registered
on bus 4 . 0-6. 0

1

Multiple zone fares; cash;
including registration on bus 6. 0-8 . 0

f

SOURCE: 1985 Highway Capacity Manual



TABLE 3-19
BUS ACCIDENT RATES PER REVENUE VEHICLE MILE BY SYSTEM SIZE

Size of System ^

Accidents
Per Million

Revenue
Vehicle
Miles

Fatalities
Per Million
Revenue
Vehicle
Miles

Injuries
Per Million

Revenue
Vehicle
Miles

250 or More Buses (34)^

100-249 Buses (53)

50-99 Buses (38)

25-49 Buses (82)

Fewer Than 25 Buses (156)

65

59

51

44

37

0. 09

0. 07

1. 38

0. 11

0. 08

39

25

20

19

14

All Motor Buses (363)

Trolley Buses (5)^

46

133

0.22

0. 00

20

55

SOURCE: UMTA Section 15 data for 1989

Vehicles operated in maximum service.

^Numbers in parentheses are the number of bus systems for which
data are available.

^Four of the five trolley bus systems are part of systems in
the largest size class above. Dayton is in the second size class.



TABLE 3-20
BUS ENERGY CONSUMPTION BY SYSTEM SIZE

Size of System'
Miles Per
Gallon

Gallons Per
Hundred
Vehicle
Miles

Gallons Per
Hundred
Passenger
Miles

1,000 or More Buses (6)^ 3 . 2 30.9 2 . 2

500-999 Buses (12) 3.5 28 . 4 2 . 9

J . O O "7 Q
<i / . y

100-249 Buses (53) 3 . 7 26.7 2 . 7

50-99 Buses (38) 4 . 0 25 . 1 3 . 0

25-49 Buses (82) 4 . 0 25. 1 3 . 9

Fewer Than 25 Buses (156) 4 . 2 23 . 6 4 . 3

All Motor Buses (363) 3 . 6 28 . 0 2 . 7

SOURCE: UMTA Section 15 data for 1989

'Vehicles operated in maximum service.

^Numbers in parentheses are the number of bus systems for which
data are available.
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CHAPTER 4

AUTOMOBILES, TRUCKS, AND THE inGIIWAY SYSTEM

This chapter provides quantitative information on characteristics of automobiles, trucks, and the

highway system, including the following:

• Freeway capacity and the effects of traffic volumes on speed

• Gasoline prices and fuel economies of highway vehicles

• Automobile ownership and operating costs

• Effects of congestion and pavement condition on vehicle operating

costs

• Air pollutant emission rates

• Unit costs for various types of highway improvements

• Construction and operating costs for parking lots and garages

• Value of vehicle travel time

• Accident rates and costs
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TABLE 4-6

AVERAGE PRICE OF A NEW CAR, 1970-89

Current Constant

Year Year Dollars 1989 Dollars

1970 3,542 11,316

1971 3,742 11,462

1972 3,879 11,496

1973 4,052 11,316

1974 4,440 11,169

1975 4,950 11,410

1976 5,418 11,807

1977 5,814 11,899

1978 6,379 12,131

1979 6,847 11,704

1980 7,574 11,403

1981 8,910 12,154

1982 9,890 12,708

1983 10,640 13,247

1984 11,450 13,665

1985 12,022 13,854

1986 12,894 14,588

1987 13,613 14,859

1988 14,485 15,183

1989 15,403 15,403

SOURCE: MVMA Motor Vehicle Facts & Figures '90. Prices were converted to constant

dollars using the Consumer Price Index (CPI)



TABLE 4-7

MILES PER GALLON OF HIGHWAY VEHICLES
(1989)

Type of Vehicle Miles Per Gallon

Passenger Cars 20.54

Motorcycles 50.00

2-Axle 4-Tire Trucks 13.81

Other Single Unit Trucks 7.17

Multiple Unit Trucks 5.34

All Motor Vehicles 15.98

SOURCE: Highway Statistics 1989



TABLE 4-8

RETAIL PRICES FOR GASOLINE
(CENTS PER GALLON INCLUDING TAX)

Year Gasoline Price in

Current Dollars

Gasoline Price in

constant lyoo Dollars
1

1978 65.2C 118.2C

1979 88.2 143.8

1980
o

122.1 175.3

1981 135.3 176.0

1982 128.1 157.1

1983 IZZ. J 145.4

1984 119.8 136.5

1985 119.6 131.6

1986 93.1 100.5

1987 95.7 99.6

1988 96.3 96.3

1989 106.0 101.1

1990 121.7 110.2

1991 119.6 103.9

SOURCE: U.S. Department of Energy, Energy Information Administration.



TABLE 4-9

EFFECT OF PAVEMENT CONDITION ON OPERATING COSTS

A. Operating Cost Factor' at a Constant Speed of 35 MPH

Serviceability 3 Axle Single 5 Axle

Index^ Automobile Unit Truck Combination

4.5 1.000 1.000 1.000

4.0 1.019 1.019 1.022

3.5 1.048 1.046 1.052

3.0 1.096 1.079 1.092

2.5 1.154 1.126 1.148

2.0 1.240 1.183 1.222

1.5 1.317 1.260 1.332

1.0 1.423 1.363 1.502

B. ODeratine Cost Factor at a Constant Soeed of 55 MPH

Serviceability 3 Axle Single 5 Axle

Index Automobile Unit Truck Combination

4.5 1.000 1.000 1.000

4.0 1.020 1.019 1.025

3.5 1.060 1.048 1.062

3.0 1.110 1.083 1.109

2.5 1.190 1.134 1.176

2.0 1.290 1.196 1.266

1.5 1.380 1.282 1.398

1.0 1.500 1.398 1.605

SOURCE: Zaniewski et. al; Vehicle Operating Costs. Fuel Consumption, and Pavement Type

and Condition Factors : Report No. FHWA-PL-82-001; prepared for the Federal Highway

Administration by Texas Research and Development Foundation; June 1982.

'The operating cost factor has been set to 1.000 for a serviceability index of 4.5. Operating

costs include fuel, oil, tires, maintenance, repairs, and use-related depreciation.

^Pavement condition is measured in terms of a serviceability index running from 5.0 down

to 0.0. The riding qualities of pavements below 3.0 are noticeably inferior to those of new

pavements and may be barely tolerable for high speed traffic. Below 2.0, pavements have

deteriorated to such an extent that they are in need of resurfacing. Below 1 .0, pavements are

in extremely deteriorated condition and may even need complete reconstruction.
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TABLE 4-11

VALUE OF VEHICLE TRAVEL TIME BY VEHICLE CLASS
(1990 DOLLARS PER VEHICLE HOUR)

Vehicle Class

Value of Travel Time' i

(Dollars Per Vehicle Hour)

AUiomoDiies

A Tina TriM^VcH- 1 ire 1 rucKs 1 1 lA

0- 1 ire 1 rucKs 01 1 1ZZ. 1 1

3+ Axle Single Unit Trucks 25.42

4 Axle Combinations 28.16

5 Axle Combinations 28.33

Transit Buses 72.79

All Vehicles ~ Urban 10.92

All Vehicles ~ Rural 13.45

' Costs for on-the-job travel include labor wages and fringes, vehicle costs, and inventory costs.

For off-the-job travel, the value of time was assumed to be 60 percent of the wage rate for

drivers and 45 percent of the wage rate for passengers.

SOURCE: Highway Economic Requirements System (1991)



TABLE 4-12

PARKING CONSTRUCTION COSTS^

(1989 DOLLARS)

Type of Facility

Representative Conditions (1989)

Cost Per Square

Foot

Square Feet Per

Space Cost Per Space

Surface Lot $6.00 305 $1,830

2 Level Garage 26.00 315 8,190

3+ Level Garage 32.00 320 10,240

Underground Garage 58.00 320 18,560

SOURCE: Robert A. Weant and Herbert S. Levinson; Parking : Eno Foundation for

Transportation; 1990.

^Construction costs include 15 percent for engineering, architecture, and contingencies.

Land costs are not included.



TABLE 4-13

ILLUSTRATIVE ANNUAL OPERATING COSTS FOR PARKING GARAGES'
(1989)

Item Cost Per Space

Payroll 360

Utilities 60

Maintenance 60

Insurance 30

Supplies 18

Miscellaneous 12

Administrative 30

Total 600

SOURCE: Robert A. Weant and Herbert S. Levinson; Parking : Eno Foundation for

Transportation; 1990.

'Operating costs assume a 600 space garage, 168-hour per week operation, and cashier

collection of parking fees. For garages with more spaces, the operating cost per space would

be lower.

^Including fringe benefits, security patrols, and training.



TABLE 4-14

PARKING CONTROL SERVICE RATES

Design Service Rates

(Vehicles Per Hour^

Easy Difficult

Type of Control Approach^ Approach^

Entrance

Automatic ticket dispenser 525 300

Push button ticket dispenser 450 250

Machine read ticket dispenser; 375 200

Coded-card reader _ 350 225

Proximity-card reader 500 275

Coin or token operated gate 150 100

Fixed fee to cashier with gate 200 150

Fixed fee to cashier without gate 250 200

No required stop 800 550

Exit

Coded-card reader 350 225

Proximity-card reader 500 275

Token-operated gate 150 100

Fixed fee to cashier with gate 200 150

Fixed fee to cashier without gate 250 200

Variable fee to cashier 150 100

Validated ticket 300 200

Machine read ticket 375 200

with manual license plate check 100 100

with camera license plate check 75 75

No required stop 375 250

SOURCE: Robert A, Weant and Herbert S. Levinson; Parking : Eno Foundation for

Transportation; 1990.

^Easy or straight approach to control service position

^For example, sharp turn within 100 feet of either side of the control position or patrons

generally unfamiliar with the facility.



TABLE 4-15

TAXI COMPANY UNIT COSTS
(1990 DOLLARS)

Cost Per Taxi $38,780

Cost Per Vehicle Mile $0.95

Cost Per Vehicle Trip $6.84

Cost Per Passenger $4.73

SOURCE: Gorman C. Gilbert, Raymond J. Burby, and Charles E. Feibel; Taxicab

Operating Characteristics : Center for Urban and Regional Studies, University of

North Carolina at Chapel Hill; September 1982.



TABLE 4-16
HIGHWAY IMPROVEMENT COSTS IN URBAN AREAS
(THOUSANDS OF 1989 DOLLARS PER LANE MILE)'

Built-Up Outlying
Facility /Improvement Type Areas Areas

Freeways and Expressways

Reconstruction with More Lanes 2,283 1,720
Reconstruction with Wider Lanes 1,676 1,210
Pavement Reconstruction 1,171 1,055
Major Widening 935 750
Minor Widening 676 519
Resurfacing with Shoulder Improv. 319 279
Resurfacing 139 128

Other Divided Highways

Reconstruction with More Lanes 2,056 1,548
Reconstruction with Wider Lanes 1,510 1,089
Pavement Reconstruction 1,058 950
Major Widening 842 676
Minor Widening 608 466
Resurfacing with Shoulder Improv. 288 252
Resurfacing 126 114

Undivided Highways

Reconstruction with More Lanes 1,850 1,393
Reconstruction with Wider Lanes 1,359 980
Pavement Reconstruction 954 856
Major Widening 757 608
Minor Widening 547 420
Resurfacing with Shoulder Improv. 260 226
Resurfacing 113 104

SOURCE: Jack Faucett Associates; The Highway Economic
Requirements System Technical Report ; prepared for
Highway Needs and Investment Branch, Office of Policy
Development, Federal Highway Administration; July 1991

'The improvement costs in this table include right-of-way. The
following unit costs (in thousands of dollars per lane-mile) were
assumed for right-of-way:

Built-Up Outlying
Freeways and Expressways $455 $182
Other Divided Roads 410 165
Undivided Roads 370 150



TABLE 4-17
ILLUSTRATIVE EMISSION FACTORS BY SPEED AND CALENDAR YEAR

(GRAMS PER MILE)

A. Calendar Year 1985

Light Duty Vehicles Heavy Duty Vehicles

Speed NMHC' CO^ NOX^ NMHC CO NOX

10 9. 12 96.20 2 . 36 16. 61 132 . 44 21.38
20 5. 64 38.65 2 . 34 11. 04 69 . 52 17 . 12
30 4.45 24.93 2 . 39 8 . 69 45.25 15 . 62
40 3.79 17.80 2.45 7 . 57 36.53 16 . 06
50 3 . 60 19.99 2.76 7 . 02 36 . 57 18 . 55
60 4 . 08 44.22 3.77 6.78 45.46 24 . 17

B. Calendar Year 1990

Light Duty Vehicles Heavy Duty Vehicles

Speed NMHC CO NOX NMHC CO NOX

10 6.55 69. 14 1. 63 9.38 79 . 09 18 .73
20 4 . 05 26.76 1. 57 6.20 41. 65 14 . 89
30 3 . 15 16.44 1.46 4 .83 27 . 12 13 . 52
40 2.65 11. 16 1.44 4 . 16 21.84 13 . 88
50 2.46 11.75 1.56 3.83 21.75 16. 06
60 2 .73 26. 01 2.15 3 . 69 26.83 21. 05

C. Calendar Year 1995

Light Duty Vehicles Heavy Duty Vehicles

Speed NMHC CO NOX NMHC CO NOX

10 4.92 48. 16 1. 18 6.29 49 . 15 12 .42
20 3.11 19.30 1. 10 4 .20 26. 00 9 . 92
30 2 .36 11. 06 0.92 3 . 28 16.94 9 . 04
40 1. 96 6.92 0.84 2.81 13 . 59 9 .29
50 1.75 6. 55 0. 88 2.57 13 .44 10.73
60 1.88 14 .49 1.21 2 . 47 16.41 14 . 01

(continued)

'Non-methane hydrocarbons

^Carbon monoxide

^Oxides of nitrogen



TABLE 4-17 (continued)

D. Calendar Year 2000

WARNING:

Light Duty Vehicles Heavy Duty Vehicles

Speed JNIYlrH- CO NOX

10
20
30
40
50
60

4.23
2.73
2 04
1.66
1.46
1.51

c

30.95 0.98
15.86 0.90
8.82 0.70
5.28 0.61
4.69 0.61

10.36 0.83

4.93
3 . 30
2 . 56
2 . 18
1.98
1.90

34.32
18.25
11.90
9.51
9.32

11.23

9.79
7.84
7. 15
7.35
8.49
11.06

• MOBILE 4.

Air Act
calendar

1 does not model most 1993 or later
Requirements. Emission factors

years 1993 and later are affected.

Clean
for

Assumed Conditions for Emission Factor Calculations

Maximum Temperature — 84 (F)

Minimum Temperature — 60 (F)

Ambient Temperature — 78.1 (F)

Altitude — 500 feet
No Inspection/Maintenance (I/M) Program
No Anti-Tampering Program
Non-Methane Hydrocarbons (NMHC) include
exhaust, evaporative, running loss, and
resting loss. Refueling NMHC are not
included.
Percent of vehicles in cold start mode — 20.6
Percent of vehicles in hot start mode — 27.3

Light Duty (0-8,500 Pounds) Vehicle Mix

1985 1990 1995 2000
Motorcycles 1.1 0.9 0.8 0.8
Automobiles
Gasoline •72.4 70.2 68. 3 66.9
Diesel 2 . 1 1.0 0.5 0.2

Light Trucks
Gasoline 23.7 27.7 30.3 32 . 0

Diesel 0.7 0.2 0.1 0.1

Heavy Duty (Over 8, 500 Pounds) Vehicle M

1985 1990 1995 2000
Gasoline 38.3 32.4 29.4 27.3
Diesel 61.7 67.6 70.6 72.7

SOURCE: MOBILE 4.1 (US EPA Mobile Source Emission Factor Model)
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CHAPTER 5

AUTOMATED GUIDEWAY TRANSIT

This chapter presents quantitative information on the following characteristics of 23
automated guideway transit systems:

• Vehicle capacities

• Maximum and average speeds

• Operating and maintenance costs

• Vehicle costs

• Capital costs

• Labor requirements

Appendix D provides more detailed information on the characteristics of each of the

23 AGT systems, including the following:

• System configuration

• Guideway elevation and length

• Number of stations

• Daily operating hours

• Annual system vehicle miles and vehicle hours



TABLE 5-1

AUTOMATED GUIDEWAY TRANSIT FLEET SIZES,

CAPACITIES AND SPEEDS

System

Fleet Size Vehicle Capacity

Seated Standing'

Vehicle Speed (mph)

Max. Avg.

Atlanta Airport 17 16 34 27 10

Busch Gardens 2 16 69 30 18

Chicago O'Hare Airport 13 8 49 50 23

Dallas/Fort Worth

Airport AIRTRANS
c

51 16 12 17 10

Denver Airport 16 14 42 32 11

Detroit DPM 12 34 66 30 12

Disney World 72 20 0 45 18

Duke 4 4 14 28 14

Fairlane 2 10 14 30 19

Houston WEDway 18 6 6 15 6

Jacksonville DPM 2 12 80 41 16

Las Vegas McCarran Airport 4 4 48 25 17

Las Colinas APT 4 12 33 30 18

Miami Airport 6 2 50 30 10

Miami Metromover 12 16 69 27 8

Morgantown 73 8 13 30 15

Newark Airport 72 12 54 2o 1 A14

Orlando Airport 18 0 51 30 9

Pearlridge 4 32' 39' 8 4

Seattle-Tacoma Airport 24 12 45 26 9

Tampa Airport 10 0 50 30 9

Tampa Airport - Parking Garage 6 8 9 12 4

U.S. Senate Subway 12 9 3 14 N/A

It is measured at 2.5 sq. feet per standee for urban system and 5.0 sq. feet per standee for

airport system.

These values are for 6-car train.

These values are for 4-car train.

N/A Not Available



TABLE 5-2

OPERATING AND MAINTENANCE COSTS FOR
AUTOMATED GUIDEWAY TRANSIT SYSTEMS

(1990 Dollars)

System

Cost Per

Vehicle-Mile

Traveled

Cost Per

Equivalent

Place Mile'

Cost Per

Vehicle-Hour

Atlanta Airport $5.11

Busch Gardens 9.90

Chicago O'Hare Airport 30.61

Dallas/Fort Worth
Airport AIRTRANS 2.42

Denver Airport 5.61

Detroit DPM 21.29

Duke 6.97

Houston WEDway 5.21

Jacksonville DPM 6.64

Las Vegas McCarran Airport 4.34

Las Colinas APT 16.23

Miami Airport 2.85

Morgantown 3.21

Newark Airport 1.35

Orlando Airport 4.00

Pearlridge 38.82

Seattle-Tacoma Airport 1.86

Tampa Airport 3.25

Tampa Airport - Parking Garage 3.08

$0.10

0.12

0.54

0.09

0.10

0.21

0.39

0.43

0.07

0.08

0.36

0.05

0.15

0.12

0.08

2.19

0.03

0.06

0.18

$51.14

178.24

704.10

24.23

61.71

255.53

97.63

31.29

106.18

73.74

292.17

28.52

48.12

18.24

35.99

155.27

16.73

29.22

12.30

^ Equivalent place miles are computed by multiplying the vehicle capacities (seated plus

standing) shown in Table 5-1 by vehicle-miles travelled for each system.



TABLE 5-3

AUTOMATED GUIDEWAY TRANSIT VEHICLE COSTS
(1990 Dollars)

System

Cost Ppr Vphiflp

($1,000)

(^n*it Per Fniiivalenf

Passenger Place'

($1,000)

Cost Per Pi

(Dollar-

Atlanta Airport $1,087 $22 $0.67

Busch Gardens 850 10 0.06

Dallas/Fort Worth c.

Airnort ATRTRAN^ 484 17 1 80

Denver Airnort 1,619 29 0.79

0 88

Duke 22 0 17

Fairlane 755 31 0.12

Houston WEDwav 93 8 0.70

Las Colinas APT 1,300 29 0.27

Miami Airport 751 14 0.17

Morgantown 380 18 3.22

Orlando Airport 937 18 0.29

Seattle-Tacoma Airport 1,012 18 0.95

Tampa Airport 697 14 0.26

Tampa Airport

- Parking Garage 421 25 0.27

U.S. Senate Subway 136 11 0.55

' Equivalent passenger places per vehicle are determined by the vehicle capacities (seated

plus standing) presented in Table 5-1.
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TABLE 5-5

LABOR INPUTS FOR ACT SYSTEMS SYSTEM

Personnel Personnel Personnel

per 1000 per 10,000 per 100,000

Vehicle-Hours Vehicle-Miles Equivalent

Place Miles'

Atlanta Airport 0.75 0.75 0.15

Busch Gardens 16.36 9.09 1.07

Chicago O'Hare Airport 2.82 1.22 0.21

Dallas/Fort Worth
Airport AIRTRANS 0.52 0.52 0.19

Detroit DPM 3.46 2.88 0.29

Disney World 0.20 0.11 0.06

Duke 2.22 1.58 0.88

Houston WEDway 0.36 0.60 0.50

Jacksonville DPM 1.75 1.09 0.12

Las Vegas McCarran Airport 0.82 0.48 0.09

Las Colinas APT 1.50 0.83 0.19

Miami Airport 0.66 0.66 0.13

Morgantown 0.91 0.61 0.07

Orlando Airport 0.47 0.52 0.10

Pearlridge 4.59 1 1.47 6.46

Seattle-Tacoma Airport 0.20 0.22 0.04

Tampa Airport 0.22 0.25 0.05

* Equivalent place miles are computed by multiplying the vehicle capacities (seated plus

standing) shown in Table 5-1 by vehicle-miles travelled for each system.





CHAPTER 6

fflGH-OCCUPANCY VEHICLE FACILITIES

This chapter provides quantitative information on the following characteristics of high-occupancy

vehicle (HOV) facilities:

Capital costs

Operation and maintenance costs

Enforcement-related information (personnel, costs, fine amounts,

violation rates)

HOV and adjacent facility speeds

HOV and adjacent facility speeds

Design guidelines for widths, clearances, design speeds, and

grades
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APPENDIX A

CONSUMER PRICE AND COST INDICES
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APPENDIX B

BACKGROUND INFORMATION ON RAIL TRANSIT
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TABLE B-7
RAPID TRANSIT TRAIN AND CAR CAPACITIES

LENGTH WIDTH AREA SEATED

TOTAL
PASSENGERS MAXIMUM

SEATED
PASSENGERS/

(FT) (FT) (FT^) PASSENGERS SCHEDULE CRUSH CARS/TRAIN TRAIN

New IRT 51.33 8.79 451.2 M 140 180 10-11 440—484

1°'^ IND
City " "

Authonty R^

60.50

75.00

10.0

10.0

605

750.0

50

72-76

180

225

220

225

290

10

8

500

576-608

Port Authoniv

of N.Y. and NJ.
(PATH)

51.25 9 473.0 42 140 200 7 294

Chicago Transit

Authority 48.25 9.33 450.1 c50 125 135 8 400

Philadelphia

(SEPTA)

Broad St. 67.50 10.00 675.0 67 NA 281 (est.) 6 450

Market St. 55.33 9.08 502.4 55 115 200 8 (esL) 440

Massachusetts

Bay Transportation

Authonty
Blue Line 48.75 8.58 418.3 48 125 191 4 192

Orange Line 55.31 9.28 513.3 54 175 240 4 216

' Red Line 69.81 10.35 722.5 63 208 275 4 252

New Jersey (PATCO) 67.83 10.12 686.4 80 100 200 8 640

Toronto Transit

Commission
1962-1975 74.76 10.33 772.3 84 230 310 6 504

195?- 1958 57.00 10.33 588.8 62 174 233 8 496

Bay Area

Rapid Transit
75.00 10.5 787.5 72 144 216 8 576

Montreal Urban
Community
Transit Commission

56.42 8.25 465.5 39 157 208 29 351

Greater Cleveland

Regional Transit

Authonty
Airponer 70.25 10.41 731.3' 80 120 140 4 320

Other 48.75 10.33 403.6 54 100 197 6 324

Washington
Metropolitan

Area Transit
75.00 10.15 761.2 80 175 240 6 480

Authontv



TABLE B-7 (continued)

TOTAL PASSENGERS/
SEATED

PASSENGERS/

TOTAL PASSENGERS/
ft"/

SEATED

PT' /TOTAL
TRAIN FOOT OF LENGTH PASSENGERS

DESIGN CRUSH FOOT OF LENGTH SCHEDULE CRUSH PASSENGERS SCHEDULE CRUSH

New IRT 1,400 1.800 0.86 2.72 2.51 10.2 3.22 2.50

1°"^ IND
City

1.800 2.200 0.83 2.97 3.64 12.; 3.36 7*

Transit R-44

Authonty R-46
1,800 2.240 0.96-1.01 2 77 9.<;-ic.i 2.3" 2.6"

of N.Y. and NJ.
(PATH) 980 1.400 0.82 2.73 3.90 1 1.3 3.37 2.36

Chicago Transit

Authontv 1.000 1.480 1.03 2.59 3.83 9.0 3.60 2.43

rnuaQcipnia

(SEPTA)

Broad St. NA 1.686 0.99 NA 4.16 10.1 NA 2.40

Market Sl 920 1.600 0.99 2.07 3.61 9.1 4JJ7 2.51

Kiassachusetts

Bay Transportation

Authomy
Blue Line SCO 764 0.98 2.56 3.91 £.7 3.34 2.19

700 960 0.98 3.16 4.34 9.5 2.93 2.14

Red Line 832 1,100 0.90 2.98 3.94 11.4 3.47 2.62

Neu' Jersey (PATCO) 800 1.600 1.01 1.47 2.95 8.6 6.68 3.43

Toronto Transit

Commission
1962-1975 1.380 1.860 1.12 3.08 4.14 9.2 3J6 2.49

1955-1958 1,392 1.864 1.09 3.05 4.09 9.5 3J8 2.52

Bay Area

Rapid Transit
1. 1 Ze 0.96 1 07 10.9 5.47 3.64

Montrea] Urban
Community 1.413 1.872 U.07 2.78 3.69 2.96 2.23

Transit Commission

Greater Cleveland

Regional Transit

Authonty
Airporter 480 560 L14 1.71 1.99 9.1 6.09

Other 600 1.182 1.11 2.05 4.04 9.3 5.04 2.55

Washington

Metropolitan

Area Transit
1.050 1.440 1.07 2.33 3.20 9.52 4J5 3.r

Authonty

SOURCE: Computed by Hertoen S. L*vm»on from dau obtained <rom Roiier of North Aroencan Rapid Transit Can l945-19To. Aroencan Public Tr»ttu\ Ajuociauor.

Schedule and crush load dau are based on in/onnauon received from AFTa.
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BACKGROUND INFORMATION ON AUTOMATED GUIDEVVAY TRANSIT SYSTEMS
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TABLE D-2
SERVICE AND EMPLOYEE DATA FOR LABOR INPUTS-AGT SYSTEMS

System Vehicle-Miles

Equivalent

Place-Miles

(millions)

Vehicle-Hours

Equivalent

Full-Time

Employees

Atlanta Airport

Busch Gardens

Chicago O'Hare Airport

Dallas/Fort Worth
Airport AIRTRANS

Denver Airport

Detroit DPM

Disney World

Duke

Fairlane

Houston WEDway

Jacksonville DPM

Las Vegas McCarran
Airport

Las Colinas APT

Miami Airport

Morgantown

Newark Airport

Orlando Airport

Pearlridge

Seattle-Tacoma Airport

Tampa Airport

Tampa Airport -

Parking Garage

818,140

24,210

489,984

2,817,668

964,800

423,446

5,760,000

92,845

72,749

200,621

73,200

228,600

108,000

289,230

911,857

3,701,100

288,888

11,420

596,200

328,022

151,200

40.9

2.1

27.9

78.9

54.0

42.3

115.2

1.7

1.7

2.4

6.7

11.9

4.9

15.0

19.1

40.7

14.7

0.2

34.0

16.4

2.6

81,814

1,345

21,304

281,767

87,709

35,287

320,000

6,632

3,829

33,437

4,575

13,447

6,000

28,923

60,790

274,156

32,099

2,855

66,244

36,447

37,800

61

22

60

146

N/A

122

64

15

N/A

12

8

11

9

19

56

N/A

15

13

13

8

N/A

Equivalent full-time employees are computed on the basis of 2,000 man-hours per

year.

Equivalent place miles are computed by multiplying equivalent passenger places per

vehicle by the vehicle-miles travelled for each system.
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NOTICE

This document is disseminated under the sponsorship of the U.S.

Department of Transportation in the interest of information exchange.
The United States Government assumes no liability for its contents or

use thereof.

The United States Government does not endorse manufacturers or

products. Trade names appear in the document only because they are

essential to the content of the report.

This report is being distributed through the U.S. Department of

Transportation's Technology Sharing Program.
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