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PREFACE

This study of the life cycle costs of rail-highway crossing
warning devices is part of an overall rail-highway crossing
safety program being conducted by the U.S. Department of
Transportation. The results of this analysis will be used to
support a resource allocation model being developed by the
Transportation Systems Center (TSC) to improve the allocation bhy-
states and railroads of funds for improving rail-highway

crossings.

This report documents the findings of Input Output Computer
Services (IOCS) under Contract Number DOT-TSC-1533 to the
Operations and Management Systems Branch, Intercity Systems
Division, Office of Ground Systems at TSC. Dr. Edwin Farr was
the contract technical monitor at TSC. Under the initial
direction of John M. Witten at IOCS, the research for the
project was performed by Joseph Morrissey and Jennifer Heisler.
Charles Erdrich served as a technical consultant for the study.
Samir A. Desal, Vice President of the Systems Research and
Communications DiQision, offered technical and managerial

assistance.

This study required the contributions of many people in the
railroad industry, various state governments, and equipment
manufacturers, although responsibility for the accuracy of the
report rests with the authors. The following organizations and

individuals provided assistance and important documentation:

Association of American Railroads Robert B. Stout,
P.H. Foley
Burlington Northern R.F. Garland
Chicago and Northwestern | J.B. Ragsdale
Conrail Robert Cotter

iii



Maine Central
Missouri Pacific
Seaboard Coast Line
Southern Pacific

California Department of
Transportation

Kentucky DOT
Louisiana Department of
Transportation and Development

Massachusetts Department of
Public Works

Mississippi State Highway
Department -
Missouri State Highway

Commission

Federal Railroad Administration

Federal Highway Administration

Safetran Systems Corporation
Harmon Industries Incorporated

Union Switch & Signal Division of
Westinghouse Air Brake Company

Goodyear Tire & Rubber Company

Fel Pro Products Manufacturing
company

Structural Rubber Products

J.0. Born

Thomas Bryant
T.B. Hutcheson
H.B. Berkshire
D.R. Higgins
James Fehr v
Thomas Roberts
Turner Lux
Charles Sterling
Andrew O'Brien
L.T. Livingston
R. Nelson Sellers

Bennie Holmes

R.N. Hunter
Wayne Muri

Dr. Richard Snow
Bruce George
Rohini Shah

Dr. Gerald R. Stewart
Lucien Bolon

Robert Wyland
Vince Burgett

Robert Karow

‘W.J. Sheeler

Jack Brady

AN

Jack Witlock

The authors are indebted to Dr. Edwin Farr and Mr. Robert \

Coulombre, Chief - Operations and Management Systems Branch, for

their effective direction and participation in the project.
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SUMMARY

The Highway Safety Acts of 1973 and 1976 and the Surface
Transportation Assistance Act of 1978 provide funding authoriza-
tions to individual states to improve safety at public rail-
highway crossings. Safety improvements frequently consist of
the installation of motorist warning devices such as crossbucks,
flashing lights or flashing lights with gates. 1In support of
these safety efforts, several projects have been undertaken by
tne U.S. Department of Transportation (DOT) and the Transporta-
tion Systems Center (TSC) to assist states and railroads in
determining the most effective allocation of Federal funds for
rail—highway crossing warning devices. One of these projects
concerns the development of a resource allocation model that
determines how to achieve maximum safety benefits for the
expenditure of a given level of funding. This computer model
utilizes rail-highway crossing hazard index ratings and the
effectiveness and costs of motorist warning devices as inputs.
The purpose of this study is to provide life cycle cost data for
active rail-highway crossing warning devices in support of the
DOT-TSC resource allocation model. Life cycle costs consist of
the initial costs, such as purchase and installation, and the

recurring or maintenance costs.

The study included active rail-highway crossing warning
systems, crossbucks, and surfaces. The costs of adding addi-
tional active warning devices to a crossing with an eiisting |
active warning system age also examined. The study includes an
analysis of regional cost variability by Federal Railroad |
Administration (FRA) region and an analysis of the factors
influencing life cycle costs. All costs are presented in 1977

dollars.

xi



Life cycle installation costs and maintenance costs were

determined for each of the active motorist warning devices, as

shown in Table A.

TABLE -A. INSTALLATION, MAINTENANCE, AND TOTAL LIFE CYCLE

COSTS FOR MOTORIST WARNING DEVICES (IN $K)

TOTAL
LIFE

INSTALLATION MAINTENANCE CYCLE

MOTORIST WARNING DEVICE COST COST COST

Flashing lightst 26.0 14.1 40.1

Cantilevered flashing 29.4 17.4 46.8

lights '

Flashing lights 39.2 23.2 62.4

with gates '

Cantilevered flashing 44.6 27.1 71.7

lights with gates

Flashing lights upgraded 33.5 23.2 56.7

to flashing lights with

gates

Flashing lights upgraded 42.7 27.1 69.8

to cantilevered flashing
lights with gates

lrhe term "flashing lights" refers only to pdst—mounted'

flashing lights

As Table A demonstrates, 30-year maintehance costs

discounted to present value comprised 54 percent to 61 percent

of the total installation costs; maintenance costs as a

percentage of installation costs increased with the complexity

of the motorist warning device.

xii



Table B presents the breakdown of total installation costs

into their cost components for the motorist warning devices

investigated.

TABLE B.

AVERAGE INSTALLATION COSTS BY MOTORIST WARNING
DEVICE AND COST COMPONENTS (IN $K) '

PRE- MIS-
ENGI- EQUIP- CELLA-
MOTORIST WARNING TOTAL NEERING LABOR MATERIAL MENT NEOUS
DEVICE COST COST COSsT COST COSsT COSTS
Flashing lights 26.0 1.4 7.2 13.8 0.8 2.8
Cantilevered 29.4 1.2 7.9 17.7 1.1 1.5
flashing lights
Flashing lights 39.2 1.2 9.7 25.0 1.2 2.1
with gates
Cantilevered 44.6 1.4 10.3 29.4 1.5 2.0
flashing lights
with gates
Flashing 1lights 33.5 0.7 8.6 21.4 1.4 1.4
upgraded to
flashing lights
with gates
Flashing 1lights 42,7 1.1 g.9 27.6 1.9 2.2

upgraded to
cantilevered
flashing lights
with gates

xiii



The data were analyzed to determine factors influencing
life cycle costs. The following trends were identified:

Region - No consistent regional cost trends were
identified for the life cycle costs of motofist
warning devices. This finding was attributed to
internal railroad policies regarding the type of labor
and/or equipment used, and to the fact that railroads
Cross regional boundaries and costs appeared to vary
more by railroad than by region. Additionally, the
regional samples foered a wide variety of projects
with different operating and locational
characteristics, such as the number of tracks and the
type of existing track circuitry. The costs appeared

to vary by these characteristics more than by region.

Location - Costs for rural installations were slightly
higher than for urban ones. When the data were
further subdivided by the number of tracks and the
location of the crossing, the opposite cost trend was
found. 1In both cases, the differences among average

installation costs were small.

Number of tracks - Average costs increased as the

number of tracks increased at a crossing, although the
additional cost per track was dependent upon other
factors as well. These include train detection type .

and existing track circuitry.

Existence of track. circditry - The data available were

insufficient to perform a statistically meaningful

analysis of this factor.

" oxiv



Track work - The electrical and communications work

necessary to install or modify the track circuitry for
the train detection system contributed between

8 percent and 12 percent of the signal labor costs,
and between 2 percent and 5 percent of the material

costs.

Train detection system - A hierarchy of train

detection systems was established with respect to
costs, not complexity. The hierarchy is as follows
from least to most expensive: motion sensors (MS),
alternating/direct current (AC-DC) track circuits,
audio frequency overlay (AFO), and grade érossing
predictors (GCP).

Xv/xvi
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1. INTRODUCTION

1.1 BACKGROUND

This report documents a study to provide information for
the U.S. Department of Transportation (DOT) to aid in improving
the allocation by states and railroads of Federal funds for

rail-highway crossing safety.

The Highway Safety Acts of 1973 and 1976 and the Surface
Transportation Assistance Act of 1978 provide for funding to
improve satety at public rail-highway crossings. In support of
this program, several projects have been undertaken by DOT.
First, an inventory of all rail-highway crossings was prepared
by DOT and the Association of American Railroads (AAR). The
inventory contains identifying and descriptive information on
approximately 217,000 public at-grade crossings. The second
part of the program is the development of procedures for the
efficient allocation of funds for the installation of motorist
warning devices. To this end, two computer models have been
constructed by the Transportation Systems Center (TSC). The
first computer model is a hazard prediction rnodel.l This
model is derived from the physical and operating characteristics
of the crossings in the DOT-AAR Croséing Inventory and from
actual accident data in the crossing accident history files.
The hazard model determines a hazard index for each crossing
which is equal to the number of expected accidents per year at
the crossing; it then ranks the crossings according to their
hazard index. The second model is a resource allocation model.
This model uses the hazard index and the effectiveness and costs
of motorist warning devices to calculate accident reduction
benetfit/cost ratios for each crossing. The objective of the
model is to maximize the total safety benefit achieved in

reduced accidents for the expenditure of a given sum of money.

lMengert, P., "Rail-Highway Crossing Hazard Prediction Research
Results", Report No. FRA-RRS-80-02, U.S. Department of Transpor-
tation, Research and Special Programs Administration, Cambridge,
Massachusetts, March, 1980.



1.2 ©PURPOSE AND OBJECTIVES

The purpose of this study is to provide life cycle cost
data in support of the resource allocation model on rail-highway
crossing warning systems and surfaces. The specific objectives

of this study are listed below.

1, Determine the life cycle costs of rail-highway cross-
ing warning devices including the documentation of the
following cost components: engineerihg, installation,
equipment, and maintenance for the first year and all

other years.

2. Determine the life cycle cost variation for three
general warning devices: crossbucks, all flashing

lights, and all flashing lights with gates.

3. Determine the costs of upgrading existing motorist
warning devices with additional warning devices. For
the purposes of this study, an upgraded crossing
refers to one in which an active warning device has
been augmented with additional warning devices.
Active warning refers to warning devices which are
train-activated, such as flashing lights or gates,
Passive warning refers to nonactivé equipment such as

crossbucks or stop signs.
4. Determine equipment scrap value and finance charges.
5. Determine regional cost variations for the various

warning devices for each of the five Federal Railroad

Administration (FRA) regions.

lEffective January 29, 1980, the five FRA regions were
restructured. There are currently eight FRA regions.



il

6. Determine and identify the factors influencing life
cycle cost variations and the extent of cost variabil-
ity. These factors might include the number of
tracks, the location of the crossing, or the different

labor costs among railroads.

7. Determine the costs to install and maintain rubberized

crossing surfaces.

1.3 STUDY APPROACH

The study approach was to define and describe the compo-
nents of rail-nighway crossing warning devices, and collect
historical cost data on the installation and maintenance of
these devices. The cost data were analyzed with respect to

variability and the sources of cost variability were determined.

The initial literature search provided information on the
types ot rail-highway crossing warning devices, their subsystems
and subsystem components.l Based on this research, the two
basic active motorist warning devices, flashing lights and
fiashning lights with gates, were divided into two categories:
cantilevered and post-mounted flashing light installations.

Tnis was done to further isolate the factors influencing life

cycle costs.

To obtain the necessary cost information and ensure that
adequate regional sample sizes would be provided for the differ-
ent types of motorist‘warning devices, potential sources of cost
data were identified and contacted. Under the Federally funded
crossing safety program, railroads installing rail-highway

crossing motorist warning devices submit detailed final billings

Llrrexas Transportation Institute, Railroad-Highway Grade

Crossing Handbook, Report No. FHWA-TS-78-214, U.S. Department of
Transportation, Federal Highway Administration, College Station,
Texas, August 1978.

3



to the states. These final billings, available from both the
railrocads and the states, were found to be -the most complete
data available on the installation costs of rail-highway cross-
ing warning devices. Maintenance cost data were compiled from a
variety of sources including railroads, states, and railroad
associations.l Additional information required to analyze

cost variability and determine the factors influencing life
cycle costs was obtained through the DOT-AAR Crossing Inventory
maintained by FRA.

Installatidn costs were determined by project totals and by
project subcategories of preliminary engineering, signal labor, |
material and material handling, and equipment rental. Mainten-
ance costs were discounted to present value using a 10 percent:
discount rate over a 30-year seﬁvice life. All costs were
indexed to 1977 dollars using the AAR Quarterly Railroad Mater;
ial Prices and Wages Index.2 Cost variability by factors
influencing life cycle costs was examined by controlling vafia-
bles such as crossing location, the number of tracks, the type
of train detection subsystem, and combinations of these fac-
tors. A national pooled sample of the cost data was used to
determine the factors influencing life cycle costs. This was
done to ensure adequate sample sizes because there are a multi-
tude of factors influenecing life cycle costs which appear 1in

unigue combinations at the various crossings.

lAverage annual maintenance costs, in 1977 dollars, were
distributed over the service life of the motorist warning
devices using the method outlined in Circular A-94, Revised, of
the Office of Management and Budget (OMB). As recommended, a
10 percent discount rate was used.

2Current dollars throughout this report were determlned by
utilizing the AAR Quarterly Materlals Prices and Wages Index.
The most recent guarterly index available was December 1977
(dated July 26, 1978). Therefore, all costs are presented in
1977 dollars.



2. COST DATA COLLECTION

2.1 DATA REQUIREMENTS

In order to apply the concepts of life cycle costing to
rail-nighway crossing warning devices and analyze the variabil-
ity in costs, it was necessary to collect a wide spectrum of |
cost data. The requirements can best be described by consider-

ing costs and cost variability in several categories.

Cost Elements

Initial or one-time costs - For the purpose of reguesting
data, initial project costs consisted of the engineering, pro-
curement, and labor costs which were expended for the installa-

tion of the devices.

Maintenance and other recurring costs - These costs
included preventive and corrective maintenance over the project
life, inventory needs and labor costs. For the purposes of this
study, maintenance costs were defined as the average annual cost
of labor and materials for maintaining a rail-highway crossing
warning device. Operating costs such as electrical power are
not included in maintenance costs due to the fact that the oper-
ating costs of motorist warning devices were not available in
the final billings reviewed. Other recurring costs not directly
associated with the installation or maintenance of warning‘

devices, such as train delay costs, are also not included.

Other life cycle cost elements

A complete analysis of
life cycle costs required information on the salvage value of
warning devices, equipment life, cost of capital, and price and

wage 1indicators.



Types of Systems

Motorist warning devices - Listed in order of increasing
complexity, cost data were required for flashing light, canti-
levered flashing light, flashing light with automatic gate, ana’
cantilevered flashing iight wiﬁh.automatic gate installations. .

Train detection systems - These included direct current
(bC), alternating/direct current (AC-DC), grade crossing
predictors (GCP), audio frequency overlay (AFO), and motion
sensors (MS). ’

Passive systems - Data for the costs of crossbucks were
also needed.

Regional Differences

It was expected that rail-highway crossing device costs.
would vary across FRA regions, Contributing factors included
wages and material, differences in shipping and material

handling costs, and individual railroad operating practices.

Types of Installations

Other factors contributing to differences in cost were
whether a particular installation was new or an upgrading of
crossing warning devices was necessary, whether there were

existing track circuits; and whether surface work was needed.

Crossing Characteristics

Physical characteristics of the crossing, such as the num-
ber of tracks and highway lanes, were seen as possible factors

in cost differences.

The location of the crossing, urban or rural, was used in

analyzing cost variations.



2.2 DATA SOURCES

2.2.1 1Identification of Sources

Several potential sources of cost data were identified
early in the project. These included railroads, state agencies
administering rail-highway crossing safety programs, other
government agencies such as FRA and the Federal Highway Adminis-
tration (FHWA), equipment suppliers, and railroad associations.
Several suppliers provided valuable information and diagrams
related to the components of crossing devices. The AAR supplied
an important letter of introduction to railroads which is coh—

tained in Appendix A.

For each crossing project funded by a particular state, the
railroad owning that crossing submitted a detailed cost estimate
to the state administering agency, usually the highway depart-
ment, public utilities commission, or department of transporta-
tion. After negotiation, this estimate was revised, the actual
construction was performed, and final audited billings were
received by the state. It was anticipated that these final
billings would provide detailed cost data on engineering, pro-
curement, and labor, as well as a description of previous
equipment and crossing characteristics. The billings from both
states and railroads were the only source which provided the

level of detail required by this analysis.

2.2.2 Selection of Sources

Sources of cost data were selected mainly on the basis of
coverage of the five FRA regions. Other factors, such as will-
ingness to comply with request for data, were also considered.
See Figure 2-1 for a map of the five FRA regions. 1In each
region, one or more states and three or more Class I railroads

were chosen.
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Other required data, such as price and wade indicators,
were available from the Bureau of Labor Statistics and the AAR's
Economics and Finance Department. In addition to the initial
system costs, railroads were asked to provide detailed mainten-

ance cost data for various types of crossings and installations.

After initial telephone contact was made with all sources
to determine the general context and quantity of data which they
could provide, letters were sent which outlined data require-
ments. Examples of these letters outlining data requests to the

railroads are contained in Appendix A.

2.3 DATA RECEIVED

2.3.1 Description of Data Received

The billings supplied by the states and railroads detailed

the initial costs of a project in nine categories.

Pre-engineering - labor and overhead to perform engineering

and planning tasks (drafting, etc.) g

Signal labor - by type (signal, repair, track work, and

communications) and overhead

Personnel expenses - lodging, meals, and other minor

expenses, 1f necessary
Materials - detailed listing of system components
Material handling - taxes and freight

Equipment - leased and rented machinery for performing

signal and track work



Salvage - credit for equipment that was reusable by the

railroads
Accounting and billing

Miscellaneous - other personal expenses, gasoline, securing

permits, and other minor expenses

A cover sheet was provided. This included a general des-
cription of the work, a crossing location identifier, the name
of the owning railroad, the Federal and local share of funding,

and the estimated and final audited total project cost.

The format of the billings was similar for each state or
railroad. It became evident that the original breakdown of ini-
tial life cycle costs by enginéering, procurement, and labor was
insufficient to show significant cost variations. The original
categories were then expanded to pre-engineering, labor, materi-
als (including material handling), equipment rental, and main-
tenance. Accounting and billing was omitted since it proved to
be a small percentage of total cost, less than one percent.
Miscellaneous and personal expenses were also considered negli-
gible and were subsumed in'other categories. Representative

examples of the cost billings are contained in Appendix B.

Although the individual project billings were excellent
sources of life cycle cost information, a number of difficulties
were experienced in their use. These problems were classified

in the following areas.
Cost data dealing exclusively with the installation of pas-

sive devices were only available from Kentucky. This limited

the cost analysis of passive devices.

10



Many of the labor costs tabulated on the billings were
shared costs. That is, if a combination of signal and surface
work was included in a project, it was difficult to separate
which components of labor were attributable to track, surface,
or signal work. Additionally, in most cases it was not possible
to determine to what type of work certain contracted labor

eXpenses should be applied.

In many projects, a mixture of devices was installed at a
crossing. This made it difficult to categorize a particular
installation according to a specific type of motorist warning
device or train detection system. In many cases, the type of
train detection system was not specified. This required
detailed review of the parts listing in order to make an accu-
rate determination. It was difficult to separate the exact
material comprising the train detection system. This was due
primarily to the variety of materials used to install and/or
modify the system and connect the device to the existing track
circuitry. Since the detailed material lists found in the bill-
ings did not distinguish between signal and train detection
system materials, it was not possible to itemize these costs
separately. However, it was possible to distinguish costs for
particular motorist warning devices by the type of train detec-

tion system.

Information specifically allocated to control logic and

interconnection subsystems was not ‘available.

Most projects did not include sufficient data describing
the physical attributes of the crossing nor the DOT-AAR crossing
number. Additional contacts were necessary to obtain the infor-
mation on physical characteristics. For projects which were
upgrading previous eguipment, the type of equipment replaced was
frequently not specified. This data problem was resolved by
obtaining DOT-AAR crossing numbers for the final billing. The

DOT-AAR Crossing Inventory was then accessed. This provided

11



detailed crossing characteristic information such as the number
of tracks, highway lanes, the location of the crossing, and the

existing motorist warning device.

Other problems, such as illegibility, nonuniformity in
billing format, and lack of audited cost, caused minor difficul-

ties in data reduction.

2.3.2 Summary of Usable Installation Cost Data

Table 2-1 presents a summary of usable installation cost
data received according to region, type of project; and source.
Due to missing data, "mixed system" projects, duplicates and
other data inadequacies, thesé numbers represent only those pro-
jects utilized for the life cycle cost analysis. The total
usable sample includes 321 crossing installations out of a total

received sample of approximately 450.

2.3.3 Maintenance Cost Data

Maintenahce costs were obtained from various sources in per
signal unit values or total average annual costs. Signal units
are used to represent the relative complexity of the various
types 6f equipment comprising a rail-highway crossing warning
device. The signal unit measurement technique was developed by
the AAR to ensuré equitable division of the construction and
mairitenance costs of joint signai facilities and intérlocking

plants among railroads who shared these fa“cilities.l

%ASsociation of American Railroads, "Railroad—Highway Grade
Crossing Protection," American Railway Signaling Principles and
Practices, Chapteér 23, 1962.

12



TABLE 2-1. SUMMARY OF USABLE INSTALLATION COST DATA
REGION 1 2 3 4 5 TOTALS

TOTAL NUMBER OF 22 111 54 40 94 321
PROJECTS
TYPE OF PROJECT
Passive 0 3 0 0 0 3
Flashing Lights 4 26 19 1 10 60
Cantilevered 2 19 6 8 5 40
Flashing Lights
Flashing Lights with 8 33 19 15 62 137
Gates
Cantilevered Flashing 4 30 7 9 16 66
Lights with Gates :
Rubberized Surface 4 0 3 7 1 15
DATA SQURCE
State of Massachusetts 12
Conrail
Maine Central
Seaboard Coast Line 92
State of Kentucky 19
Missouri Pacific 8 17
State of Missouri 16
Burlington Northern 17 10
Chicago & Northwestern 13
State of Louilsiana 10
Southern Pacific 13 4
State of California 80

13



The basic maintenance cost data received is summarized in
Table 2-2. The signal unit costs are converted to total average
annual costs by using the number of signal units for the various
motorist warning devices and train detection systems. Three
sources, the Maine Central Railroad, Conrail, and the Texas
Rallway Associlation (TRA), provided data on actual maintenance
costs. TRA's fiqures are based on a survey of the maintenance
costs incurred at 188 public rail-highway crossings, while the
other two sources represent averages of recent maintenance
expenditures. The other sources provided data on amounts that
were negotiated between states and railroads. These negotiated
values are used as the basis for sharing the maintenance costs
between the two parties. The states listed-in Table 2-2 con-
tribute 50 percent of the maintenance costs with the exceptions
of Wisconsin and California which contribute 25 percent and

100 percent, respectively.

14
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3. COST FINDINGS

3.1 LIFE CYCLE COST PROCEDURE

The éost information received consisted of installation
costs for projects incurred over the four-year period from 1975
to 1978 and maintenance costs from 1965 to 1977. To compare
these costs on an equal basis, it'was necessary to convert the
costs into 1977 dollars, the base year assumed for this study.
The AAR Quarterly Material Prices and Wages Index was used to

obtain the necessary conversion factors for this purpose.

To calculate total life cycle costs for the various types
of warning devices installed, average annual maintenance costs
were distributed over the service life of the device. A service
life of 30 years was assumed, based upon several sources of
inftormation. An interview with an expert on railroad deprecia-
tion rates at the Interstate Commerce Commission (ICC)l
revealed that the Depreciation Branch of the ICC periodically
studies individual Class I railroéds to determine the economic
life of railroad signal equipment. These unpublished studies
are not formally documented. However, their results indicate
that the averagé ICC signal equipment depreciation period in
1977 for the 20 largest, by operating revenues, Class I rail-
roads was 30 years.2 In addition, the State of California
Public Utilities Commission in its study of the effectiveness of

automatic protection of rail-highway crossings, assumed a

lHostetepler, E., Depreciation Branch, Interstate Commerce
Commission, Washington, D.C. ‘

21bid.
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30-year economic life for motorist warning devices.1 This
figure applies to both motorist warning devices and train
detection svstems. The average annual maintenance costs were
discounted to 1977 dollars using the method outlined in the OMB

Circular A-94, Revised.

3.2 NATIONAL LIFE CYCLE COSTS

Life cycle costs were calculated on a national basis for
each of the four motorist warning devices. The results are
shown in Table 3-1 as total life cycle costs comprised of the

two elements, installation and maintenance costs.

f

TABLE 3-1. INSTALLATION, MAINTENANCE, AND TOTAL LIFE CYCLE
COSTS FOR MOTORIST WARNING DEVICES (IN $K)

TOTAL
LIFE
INSTALLATION MAINTENANCE CYCLE
MOTORIST WARNING DEVICE COST COST COST
Flashing lights 26.0 14.1 40.1
Cantilevered flashing 29.4 17.4 46.8
lights
All flashing lights 27.4 15.4 42.8
Flashing lights with gates 39.2 23.2 62.4
Cantilevered flashing 44.6 27.1 71.7
lights with gates
All flashing lights 40.8 24.3 65.1
with gates
Flashing lights upgraded 33.5 23.2 56.7
to flashing lights with
gates
Flashing lights upgraded 42.7 27.1 69.8
to cantilevered flashing
lights with gates
All flashing lights upgraded 36.7 24.5 61.2
to all flashing lights with
gates

lcalifornia Public Utilities Commission, The Effectiveness of
Automatic Protection in Reducing Accident Frequency and Severity
at Public Grade Crossings in California, San Francisco,
California, June 30, 1974, p. 130.
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3.2.1 InstallétionACOSt components

The installation cost element of the total life cycle costs

for motorist warning devices are composed of five cost compo-

nents which substantially contributed to the total one-time cost

of installation. These components are described below.

1.

Preliminary engineering - labor and .overhead.

Signal labor -,signal, track, communications, signal
repair (assembly) labor costs, and the associated

labor overhead.

Material - the total cost of all material utilized to
install motorist warning devices and train detection
systems. This includes track material such as bal-
last, as well as signal equipment. 'Material handling
costs, such as state sales and use taxes, storage
costs, and fpeight_and transportatioh costs are also

included.

Equipment lease and rental - the cost to rent or lease
heavy equipment such as back hoes, tractors, or rail-
road cars necessary to transport or install signal

eguipment.

18



5. Miscellaneous costs - three cost components (personal
expenses - signal crew meals and lodging, salvage
value, and billing and accounting) were deleted from
the components list. They were highly variable andg
comprised only 0.001 perceht to 5 percent of the total
initial costs. Personal expenses depended on the
location of the crossing in relation to the crew's
home work-base and the amount of contract labor
utilized. Contract labor purchase vouchers and ,
accounting costs differed by railroad rather than by
motorist warning device installation type. This
latter cost component appears to be dependent upon the
type of internal railroad organization rather than the
project type. Salvage value was negligible, averaging

between $50 to $100 per crossing.

The final billings were grouped by motorist warning device
and cost components were isolated and averaged. Table 3-2 shows

these calculations for each motorist warning device.
In Table 3-2, several cost trends were identified.

As the motorist warning device installed increases in

complexity, the average total cost also increases.

Signal labor, material, and equipment rental increase
consistently among the component costs as the complex-
ity of the motorist warning device increases. jHow-
ever, material costs increase at a faster rate than
the others and account for the major cost differences

among the various motorist warning devices.
Pre-engineering costs do not vary in any consistent

manner. This seems to indicate that engineering costs

may be dependent upon the locational characteristics

19



TABLE 3-2.

AVERAGE INSTALLATION COSTS BY MOTORIST WARNING
DEVICE AND COST COMPONENTS (IN $K)

PRE MIS-
ENGI- EQUIP- CELLA-
MOTORIST WARNING TOTAL NEERING LABOR MATERIAL MENT NEOUS
DEVICE cosT COSsT coSsT COsT cosT COSTS
Flashing lights 26.0 1.4 7.2 13.8 0.8 2.8
(60) a
Cantilevered 29.4 1.2 7.9 17.7 1.1 1.5
flashing lights
(40)
Flashing lights 39.2 1.2 9.7 25.0 1.2 2.1
with gates (97) o
Cantilevered 44.6 1.4  10.3 29.4 1.5 2.0
flashing lights
with gates (40)
Flashing lights 33.5 0.7 8.6 21.4 1.4 1.4
upgraded to
flashing lights
with gates (40)
Flashing lights 42.7 1.1 9.9 27.6 1.9 2.2

upgraded to
cantilevered
flashing lights
with gates (21)

(n)

sample size

20



of the crossing, the type of accounting system used by
the railroad to allocate these costs, or the type of

contract/railroad labor employed.

Material cdsté, as a percentage of total costs,
increase as the motorist warning device complexity
increases, while labor costs as a percentage of total
costs decrease. Equipment rental costs as a percent-
age of total costs, remain fairly constant for all
types of warning devices, as shown in Table 3-3. This
suggests that while total labor costs increase as the
complexity of the motorist warning device increases,
they proportionately comprise a smaller percentage of
the total costs.

The major cost differences between cantilevered flash-
ing lights and flashing light installations occur in
the material cost component. Table 3-4 demonstrates
the cost differences. The sample yielded cost differ-
ences which are very similar for flashing light and
flashing light with gate installations. The material
cost for installing cantilevered flashing lights with

gates is higher than for nongate installations.
Upgrade projects are less expensive than new installa-

tions. Table 3-5 shows the comparative costs for

upgrades and new installations.

3.2.2 Installation Cost Confidence Intervals

Confidence intervals at the 0.025 level (95 percent) were
established for the average cost figures for each motorist warn-
ing device installation and upgrade. Table 3-6 shows these cost
ranges. The method used to calculate the confidence intervals

is contained in Appendix D.
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TABLE 3-3. COST COMPONENTS AS A PERCENTAGE OF TOTAL MOTORIST

WARNING DEVICE INSTALLATION: COSTS.

LABOR  MATERIAL

EQUIPMENT
g (PERCENT) : (PERCENTY” {PERCENT)
Flashing lights 30 53 3
Cantilevered flashing .27 60 4
lights
Flashing lights with 25 64 3
gates
Cantilevered flashing - 23 66 3

lights with gates

TABLE 3-4. TOTAL INCREASE IN INSTALLATION COSTS OF MOTORIST

WARNING DEVICES DUE TO CANTILEVERS (IN $K)w
FLASHING LIGHTS FLASHING LIGHTS
WITHOUT GATES. WITH GATES
Signal labor 0.7 0.6
Material 2.4  4.a
0.4

Equipment 0.3

S22



TABLE 3-5. COMPARISON OF UPGRADE AND INSTALLATION COSTS
FOR MOTORIST WARNING DEVICES (IN $K)

UPGRADE TO INSTALL
CANTILEVERED CANTILEVERED
UPGRADE FLASHING FLASHING
TO INSTALL LIGHTS LIGHTS
GATES GATES WITH GATES WITH GATES
Total cost 33.5 39.2 42.7 44.6
Pre-engineer ing 0.7 1.2 1.1 1.4
Signal labor 8.6 9.7 9.9 10.3
Material 21.4 25.0 27.6 29.4
Equipment 1.4 1.5 1.9 2.9

TABLE 3-6. 95 PERCENT CONFIDENCE INTERVALS FOR AVERAGE
INSTALLATION COSTS BY MOTORIST WARNING
DEVICE (IN $K)

CONFIDENCE MEAN
INTERVAL COST

Flashing lights 25.3 - 26.7 26.0
Cantilevered flashing 27.5 - 31.3 29.4
lights
Flashing lights with 36.8 - 41.6 39.2
gates
Cantilevered flashing 40.4 - 48.8 44,6
lights with gates
Flashing lights 30.3 - 36.7 33.5
upgraded to gates
Flashing lights 38.7 - 46.7 42.7

upgraded to canti-
levered flashing
lights with gates

23



3.2.3 Factors Influencing ;nstallation Costs

The next step in the analysis was to isolate those factors

which influence

the total cost of an installation. It was hypo-

thesized that three factors would be influential.

Type of train detection system - From the initial

literature search, a hierarchy of train detection

systems was determined in terms of their relative

complexity. This hierarchy is, from simplest to most

complex: direct current, alternating/direct current,

audio

frequency overlay, motion sensors or detectors,

and grade crossing predictors. The total costs were

expected to vary according to the type of train

detection system installed.

Number of railroad tracks - Costs were expected to

increase by the number of tracks as circuitry work

would

be more extensive and complicated.

Location of the crossing - Costs were expected to vary

depending upon whether the crossing was rural or

urban.

The costs of transporting the material and

crew to the site and the extent of circuitry work were

hypothesized as influential factors.

It was determined that the number of sample crossings

required to determine the influence of each factor for each

region would be
15 observations
Figure 3-1. As

large number of

approximately 34,500. This assumed a sample of
for each permutation. This is demonstrated in
shown in this tree diagram, there is a very

possible combinations for any one motorist warn-

ing device in each region. Since the initial analysis had indi-

cated no regional variations in cost, the regional samples were

pooled to form one national sample for analysis of the factors.
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Additionally, detailed operétihg and locational data for each
crossing were obtained by utilizing the DOT-AAR Crossing Inven-
tory. Costs were then calculated for the crossings using the

DOT-AAR Crossing Inventory data to control for cost factors.

Location - When the sample data were grouped by urban
or rural location, the cost figures shown in Table 3-7
resulted. This shows that the cost differences by
urban and rural location are very small and inconsis-
tent. Confidence intervals calculated for the urban
and rural costs shown in Table 3-8 also indicate con-
siderable overlap in costs. When the number of tracks
at the crossing is controlléd, a similar inconsistent
trend is found. Tables 3-9 and 3-10 show average
costs and confidence intervals for one-track urban and

rural crossings.

Number of tracks - The number of tracks at each cross-

ing was expected to affect the total costs. As

Table 3-11 demonstrates} this hypothesis was veri-
fied. The additional cost for two-track crossings
ranges between 9 percent and 37 percent of a one track
installation. Confidence intervals for the installa-

tion costs by track are found in Table 3-12.

Existence of track circuitry - This factor refers to

whether or not the crossing was equipped with track
circuitry for control of train operations or other
warning devices. While none of the bills obtained for
the study provided information on the type of
éircuitry existing at the crossing, the Seaboard Coast
Line Railroad provided é list of a few crossings with
track circuitry. However, the sample of crossings was
not large enough to permit a statistically meaningful

analysis of this factor.
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TABLE 3-7. AVERAGE INSTALLATION COST FOR MOTORIST WARNING

DEVICES BY LOCATION (IN $K)

MOTORIST WARNING DEVICE

CANTILEVERED
CANTILEVERED FLASHING FLASHING
FLASHING FLASHING LIGHTS LIGHTS
LOCATION LIGHTS LIGHTS WITH GATES WITH GATES
Urban 28.1 (14) 29.3 (12) 38.0 (26) 42.6 (22)
Rural 26.5 (46) 29.5 (28) 39.0 (71) 46.5 (23)

(n) = Sample size

TABLE 3-8. 95 PERCENT CONFIDENCE INTERVALS FOR AVERAGE

INSTALLATION COSTS OF MOTORIST WARNING
DEVICES BY LOCATION (IN $K)

MOTORIST WARNING DEVICE

‘ CANTILEVERED
CANTILEVERED FLASHING FLASHING
FLASHING FLASHING LIGHTS LIGHTS
LOCATION LIGHTS ‘ LIGHTS WITH GATES WITH GATES
Urban 26.3-29.9 25.3-33.1 29.3-46.7 42.5-45.5
RUral 2400-28-9 25.5-3201 35-5-4203 40-6—52-3
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TABLE -3-9.

AVERAGE -INSTALLATION COSTS FOR-MOTORIST WARNING
DEVICE BY LOCATION, SINGLE ‘TRACK (IN $K)

'MOTORIST WARNING DEVICE

CANTILEVERED
CANTILEVERED ‘FLASHING FLASHING
FLASHING FLASHING LIGHTS LIGHTS
LIGHTS LIGHTS WITH GATES WITH GATES
Urban - 1 Track 26.7 128.3 33.1 41.6
Rural - 1 Track 23.6 28.8 32.0 40.5

TABLE 3-10.

95 PERCENT CONFIDENCE INTERVALS FOR MOTORIST WARNING
DEVICE INSTALLATION COSTS BY LOCATION, SINGLE
TRACK (IN $K) ‘

MOTORIST WARNING DEVICE

‘ CANTILEVERED
CANTILEVERED FLASHING FLASHING
FLASHING FLASHING LIGHTS LIGHTS
LIGHTS LIGHTS WITH GATES WITH GATES
Urban - 1 Track  24.9-28.4 23.6-33.0 28.9-37.3 32.2-49.0
Rural - 1 Track  21.4-25.9 26.3-34.5 30.6-33.0 35.6-45.3

28



TABLE 3-11. AVERAGE INSTALLATION COSTS BY NUMBER OF TRACKS

(IN $K)
MOTORIST WARNING DEVICE
CANTILEVERED
CANTILEVERED FLASHING FLASHING
FLASHING FLASHING - LIGHTS LIGHTS
LIGHTS LIGHTS WITH GATES WITH GATES
NO. OF - PERCENT PERCENT PERCENT PERCENT
TRACKS $ INCREASE $ INCREASE $ - INCREASE $ INCREASE
1 24.3 -—- 27.2 -=- 32.1 --- 41.1 ---
2 26.5 9 31.6 16 44.1 37 48.1 17
3 34.7 31 No Data 48.8 11 50.2 4

TABLE 3-12. 95 PERCENT CONFIDENCE INTERVALS FOR AVERAGE

INSTALLATION COSTS FOR MOTORIST WARNING
DEVICES BY NUMBER OF TRACKS (IN $K)

MOTORIST WARNING DEVICE

CANTILEVERED
CANTILEVERED FLASHING FLASHING
FLASHING FLASHING LIGHTS LIGHTS
TRACKS LIGHTS LIGHTS WITH GATES WITH GATES
1 22.2-26.8 24.4-31.1 30.9-33.6 36.9-45.1
2 23.7-33.8 25.7-37.0 42.4-46.6 41.6-54.5
3 Sample size not large enough for meaningful calculations
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Track work - There are two types of track work which

may occur during a signal installation. The first
type, crossing surface work, involves the repair or
replacement of the crossing surface material. The
second type involves electrical and communications
work necessary to install or modify the track cir-
cuitry for the train detection system, e.g., insulate
joints for DC or AC-DC circuitry. The latter was
hypothesized to influence costs. Many of the final
billings provided signal labor and material costs
itemized by track, communications, and electrical
work. Track and communications costs contributed
between 8 percent and 12 percent of the signal labor
costs and between 2 pércent and 5 percent of the

material costs.

Train detection system - To‘determine if the type of

train detection system installed affected the total
installation costs, the data were divided by motorist
warning device, train:detection system, and number of
tracks. Table 3-13 shows the variations in costs.
Only the costs within each motorist warning device
type should be compared to determine the hierarchy of
train detection system costs, because the number of
tracks for the different devices is not consistent.

As Table 3-13 shows, Grade Crossing Predictors (GCP)
comprise the most expensive train detection system and
are frequently installed with gate devices. Audio
Frequency Overlays (AFO) were the second most costly
to install, followed by Alternating/Direct Current
(AC/DC) in three out of four cases, and Motion

Sensors (MS). It is interesting to note that although
Motion Sensors are among the more sophisticated and
complicated detection systems, they are consistently

the least costly.
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TABLE 3-13.

AVERAGE INSTALLATION COSTS FOR MOTORIST WARNING
DEVICES BY TRAIN DETECTION SYSTEM AND NUMBER OF

TRACKS (IN $K)

MOTORIST WARNING DEVICE

CANTILEVERED
CANTILEVERED FLASHING FLASHING
FLASHING FLASHING LIGHTS LIGHTS
LIGHTS LIGHTS WITH GATES WITH GATES
Tracks 1 1 2 2
Train Grade -- -- 54.3 45.9
Detec- Crossing
tion Predictors
System (GCP)
Audio 25.9 33.3 46.2 44.2
Frequency
Overlay
(AFO)
Alternat- 22.6 26.9 43.6 44.2
ing/Direct
Current
(AC-DC)
Motion 22.3 28.5 39.0 39.2
Sensors
(MS)
Direct Sample size not large enough for meaningful
Current calculations.
(DC)
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3.2.4 Maintenance.Costs

The maintenance data received were not itemized by year
over the life of the equipment but were expressed as total aver-
age annual costs. These costs were determined by summing the
maintenance costs incurred in a year for each type of motorist
warning device and dividing by the number of crossings. Motor-
ist warning devices of varying ége and condition were therefore
included in the compilation of average annual costs. Although
maintenance costs may increase with the age of the device, the
average annual costs do not reflect this type of variation. For
this reason, life-cycle 30-year maintenance costs were deter-
mined on the basis of discounting average annual cost over the

life of the equipment.

The original maintenance cost data received for the study
and shown in Table 2-2 were based on various years. All main-
tenance costs were therefore up&ated to 1977 dollars to provide
a consistent basis for analysis. The resulting average annual
and 30-year life cycle maintenance costs are shown in
Table 3-14. It should be noted that the maintenance costs shown
in Table 3-14 based on negotiated values do not represent the
actual costs contributed by the states. 1In all cases, the
states contribute no more than 50 percent of these amounts as

shown in Table 2-2.

The resulting 30-year life cycle maintenance costs
expressed as a percent of installation and total life cycle
costs are shown in Table 3-15. Maintenance costs as a per-
centage of installation costs increased with the complexity of

the motorist warning device.

3.3 REGIONAL COST FINDINGS

The average total installation cost and installation compo-

nent costs for each active motorist warning device were compared
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TABLE 3-15. LIFE CYCLE MAINTENANCE COSTS AS A PERCENTAGE OF
MOTORIST WARNING DEVICE COSTS

PERCENT OF
MOTORIST WARNING ~ PERCENT OF TOTAL LIFE
DEVICE INSTALLATION COSTS CYCLE COST
Flashing lights 54 35
Cantilevered flashing 59 37
lights ‘
Flashing lights with 59 37
gates
Cantilevered flashing ‘ 61 40

lights with gates

on a regional basis. It was hypothesized that labor and mate-
rial costs, including freight and handling charges, would vary
geographically. By isolating these two component costs and
comparing them by region, regional trends in installation costs
were expected to be identified. To accomplish this, the final
billings were grouped by FRA region and motorist warning
device. Averages were then calculated for the total and com-

ponent costs.

Regional variations in total and component costs did not
follow any consistent patterns. No region demonstrated constant
high or low costs in any of the cost component categories. One
explanation for the lack of consistent variations is that the
railroads cross regional boundaries and the costs appeared to
vary more by railroad than by region. The results of the
regional analysis are presented in Appendix C. Both maintenance

and installation costs are itemized.
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3.4 PASSIVE WARNING DEVICES

As indicated in Section 2.3.1l, cost data on passive warning
devices was very limited. The only available information con-
sisted of three estimates for the costs of installing crossbucks
at nine locations in Kentucky. These estimates, combined with
information obtained from the material listings of the billings,
indicate that the average material cost per crossbuck was
approximately $72. This includes the signs, posts, and related
hardware. In the Kentucky estimates, labor costs per crossing
were $80 to $85.

3.5 RUBBERIZED CROSSING SURFACES

Rubberized crossing surfaces are a relatively new product
and are not installed as frequently as other types of surfaces.
The cost information received on rubberized surface installa-
tions was very limited in terms of sample size and in many cases
was incomplete. This was due to the fact that moét of the bill-
ings on rubberized surfaces contained cost data on other track
and signal work performed at the crossing. It was difficult to
isolate labor, equipment rental, and total costs for the
rubberized crossing work. However, several steps were taken to

determine the relevant costs.

Material costs were analyzed in two ways. First, the
detailed materials listed in the billings were examined and the
costs of the rubberized surface were isolated. The number of
track or linear feet of rubberized surface installed at each
crossing was obtained from the work description and the cost per
foot of rubberized pads was then calculated. To check these
calculations, manufacturers of rubberized crossing surfaces were
contacted to obtain quoted sales price on their cost of rubber-
ized surfaces per track foot. The manufacturers provided

detailed information on the types of material available, the
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installation process, and estimates of the service life of the
crossing surface. Table 3-16 shows the cost per track foot of
the rubberized crossing surfaces obtained from the actual bill-

ings and the manufacturers.

The material costs per track foot are fairly consistent
between manufacturers' information and the billings. The actual
material costs for any given crossing will vary by the number of
tracks, number of highway lanes, énd the angle of the crossing.
Additionally, the age and condition of the tracks, ties and bal-
last will affect the total cost of the project as the manufac-
turers recommend new tracks and ties be in place before the

surface is installed.

Maintenance costs for rubberized surfaces are estimated to
be almost nonexistent. For rubberized pads, preventive mainten-
ance consists of periodic sweeping out of debris from the
flangeways. Other maintenance costs may occur only once every
several years when the trackage is retamped. If a rubberized
pad is found to be defective at tbis time, a new pad may be
inserted in its place. For the epoxy and rubber aggregate mix-
ture, maintenance consists of cutting out the damaged portion of

the pad, and recasting it with the rubberized material.

Labor costs for installing the rubberized surfaces also
vary by the type and size of the crossing. From the final bill-
ings, labor costs were calculated per trackfoot. The sample
size for labor costs was very small; only eight billings pro-
vided separate labor costs. The labor costs per track foot of
rubberized surface installed ranged from $70 to $85.

‘Equipment rental and total costs were difficult to isolate
because billings contained cost data on other types of crossing
work. However, equipment rental costs vary by the type of
material installed. The epoxy and rubber aggregate mixture

surface requires special machinery. This equipment along with
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TABLE 3-16. MATERIAL COST PER TRACK FOOT FOR RUBBERIZED
CROSSING SURFACES

COST PER SERVICE
SOURCE: TRACK FOOT LIFE TYPE OF MATERIAL
1) Final billings (15) $220 mixed
2) Goodyear Tire Co. $227 30 yr. rubber pads with
steel inserts sold
in 3' pads
3) Park Rubber Co. $220 30 yr. rubber pads with
steel cables used
instead of spikes
to secure pads
4) Fel-Pro, Inc. $225 30 vr. epoxy and rubber
aggregate mixture
molded to tracks
5) Structural Rubber $225 30 yr. rubber pads with
Products, Inc. steel inserts
(n) = sample size

supervision is provided by the manufacturer. The manufacturer
estimated the cost per track foot to be $295 to $300 if the
equipment and personnel are included. The other rubberized
surfaces require standard equipment and tools for installation.
The costs for each crossing installation will vary by the amount

of equipment each railroad owns.

Total costs for the installation of rubberized surfaces
were also calculated per track foot. Only ten billings had a
sufficient cost breakdown to determine total costs. The total
costs ranged from $319 to $535 per track foot, and the mean
total cost was $389 per track foot. Since the sample size was
small and the costs were difficult to allocate according to the
type of crossing work, these figures must be viewed as approxi-
mations. Table 3-17 summarizes the rubberized crossing surface
cost data.
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TABLE 3-17. SUMMARY OF RUBBERIZED CROSSING
SURFACE COST DATA

TYPE OF COSTSV COST PER TRACK FOOT
Total costs , $389
Labor costs $70 - 85
Material costs $220 - 227
Maintenance costsl $5

lrexas Transportation Institute,
Railroad-Highway Grade Crossing Handbook,
Report No. FHWA-TS-78-214, U.S. Depart-
ment of Transportation, Federal Highway
Administration, College Station, Texas,
August, 1978.
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TRANSPORTATION SYSTEMS DIVISION

July 26, 1978

Mr. T. B. Hutcheson

Assistant Vice President of Engineering
Seahoard Coast Line Railroad

500 Water Street

Jacksonville, Florida 32202

Dear Mr. Hutcheson:

Input Output Computer Services (IOCS) of Cambridge,
Massachusetts, is under contract to the Transportation
Systems Center (TSC) of the U.S. Department of Transpor-
tation to collect, analyze, and document life cycle cost
data on grade crossing warning systems. This research
is being done for the Federal Railroad Administration.

As discussed with you in a phone conversation on
Tuesday, July 25, 1978, we are looking for copies of the
detailed final billings for at least twenty grade crossing
warning system projects where active eguipment was installed
new or as an upgrading. We are interested in a package
that includes each of the four active equipment configura-
tions: namely, flashing lights, flashing lights with
éates, cantilevered flashing lights, cantilevered flash-
ing lights with gates. The package should also cover the
variety of train detection systems: constant warning time
devices, motion sensors, AC-DC rectified circuits, DC cir-
cuits, and Audio Freguency Overlay. A variety of projects
that includes one or more sets of tracks, single lane or
multi-lane roadways, and the presence of existing track
circuits is desired as is the FRA crossing number. We are
interested in information on projects from January 1, 1975,
to the present which encompass several of the states in
which Seahoard does business. ;

Included in the scope of our study are maintenance
costs incurred by the railroads to maintain a grade cross-
ing and its equipment. You spoke of a payment scheme
whereby Florida, North Carolina, and Virginia pay Seaboard
a fixed fee for maintenance per year per crossing. Please
include in the package these fee schedules as well as any
other information that is available on grade crossing
maintenance costs.

A DIVISION OF::
INPUT OUTPUT COMPUTER SERVICES, INC.

6£9 CONCORD AVENUE, CAMBRIDGE, MA 02138, (617) 661-8700
BRANCH OFFICE: ARUNGTON, VA (703) 979-6266
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Mr. T. B. Hutcheson
July 26, 1978
Page Two

Our project is of short duration and these data needs
very important. We hope that you can provide the requi-
site information before August 14, 1978. As stated by
Bob Stout of the AAR in his letter to you dated June 1,
1978 (attached), this study will be helpful to the rail-
road industry.

We appreciate your cooperation and hope to hear from
you soon. If you have any guestions, please feel free to

call us.

oseph Morrissey
JM:mr
attachment
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ASSOCIATION OF

CAVIERIGANN [RAVILIROAVDSS

OPERATIONS AND MAINTENANCE DEPARTMENT . STATE-RAIL PROCGRAMS DIVISION
AMERICAN RAILROADS BUILDING . WASHINGTON, D.C. 2003¢€

J. E. MARTIN i . C. L AMOS
Vice-President Exsecutive Director .
Operations and Maintenance Department
A. 8. STOUT
June 1 , 1978 Manager-Rail Highway Programs

The Transportation Systems Center of the U. S. Department
of Transportation has awarded a contract to Input Output Com-
puter Services, Inc. (IOCS), to collect, analyze, and document
grade crossing warning systems life cycle cost, This research
is being done for the Federal Railroad Administration.

The study has important implications regarding the future
of the grade crossing warning device installation program.
Of even greater importance is the impact it may have with
respect to the future of maintenance responsibilities. There-
fore, it is to our benefit that the study be done right. Good
cost data is essential if this is to be a useful tool for
public policy development and if it is to be helpful to our
industry.

IOCS has selected your railroad as one of those from
which they may seek to obtain data. Mr. Curtis Priest,
Mr. Charles Erdrich, or other members of the OICS research
team will likely be in contact with you in the near future.

Since the data needed can only come from the railroad industry,
I would appreciate any assistance which you can render to

this team.
Slncerely, .
/44&1—/4//5%

Robert B. Stout

S:y
cc: W. Curtiss Priest, Ph.D.
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TRANSPORTATION SYSTEMS DIVISION

June 28, 13278

Mr. Donald Higgins

Chief of Local Assistance

California Department of Transportation
Sacramento, CA

Dear Mr Higgins:

Input Output Computer Services (IOCS) of Cambridge,
Massachusetts is under contract to the Transportation
Systems Center (TSC) of the U.S. Department of Trans-
portation to collect, analyze, and document life cycle
cost data on grade crossing warning systems. The data
will be used as input into a computer model that TSC

has developed for the Federal Railroad Administration

that will improve the methods by which states prioritize
and allocate funds for grade crossing improvement programs.

We intend to collect data from at least one state in each
of the five FRA regions. We have selected California

due to its extensive work with the railroads and its
thorough oversight of the crossing improvements.

We understand that the operating railroads submit detailed
cost estimates as part of the federal funding process.

As discussed with you in our phone conversation on
Wednesday, June 28, we would like copies of these esti-
mates and the detailed final billings for approximately

- 100 grade crossing improvement projects where active
equipment was installed either new or as an upgrading

of an existing active system. We are interested in
information on consecutive projects from January 1, 1975 to
the present.

The level of detail in which we are interested includes
information on engineering, procurement, installation,
and labor costs for all subsystems and subsystem compo-
nents of the crossing warning system. For our purposes
these subsystems are: train detection, control logic,

A DIVISION OF:
INPUT OUTPUT COMPUTER SERVICES, INC.

689 CONCORD AVENUE, CAMBRIDGE. MA 02138, (617) 661-8700
BRANCH OFFICE: ARLINGTON, VA (703) 979-6266

44



crossing surface, vehicle warning, and interconnection
(cable and power hook-ups.) The FRA crossing number
is also desired. .

Our project is of short duration and these data needs
guite important. We hope that you can provide the requi-
site data before July 24, 1978. We will gladly pay

photocopying expenses.

We appreciate your cooperation and hope to hear from you
soon.

Sincerely,

Vet sy b

Joseph Morrissey

JM: hw
cc: Curtis Priest, IOCS
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STATE CF ARKANSAS BILL AUDIT &0 -
STATE FICHWAY DEPT. MONTHS ACCOUNT-

P.CO.BTX 2261 ACCTG DEPT NG-

LITTLE RCCK APKANSAS DATE MADE -
SA- 60904518

TNSTALLING CRCSSING WARNING SYSTEMS AT STATE HIGHWAY
161 XING NC TCN 287.72 AT LITTLF RCCK BRANCH ARKANSAS

GMN-504¢51

FINAI RILL PER STATEMENT ATTACRED 24274.07
DATE FIRST WCRK PERFORMFD JUL-1977 ‘
NATF LAST ®CRK PERFNIRMELC FER-1578

THE RECCRES SUPPORTING ThHE CHARGES IN THIS BILL ARE LDCATED IN THE
 NFFICE CF MANAGER OF DISBURSFEMFNTS ACCOUNTING.SAN FRKANCISCO. CALIFORNIA

S UMMARY

1-INSTALL SIGNALS - 23455,98
J-PRELIMINARY FNGR 631.51
3-ACC1G. £ PREP. 136.58
1TCT AL BT LL ‘ 24274.07
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PaAa6GE - 1

STATE CF ARKAANSAS BILL AUDIT NC -
STATE FICGRWAY DEPT. MONTHS ACCOUNT-
P.L.BOX 2261 ‘ ACCTG DEPT NC—
LITTLE RCCK ARKANSAS - ‘ DATE MADE -

’ : SA- G0504518

1-TNSTALL SIGNALS

{ ARCR
12 77 SYS.SIGNAL SHOW 2.00 HRS AT S.5098 19.0?2
12 77 SYS.SIGNAL SH(® 4.00 HRS AT 7.7700 31.06
12 77 SYS.SIGNAL SHO® 64.00 HRS AT 7.6600 490.24
1 78 SIGNAL GANG #2a 48.00 HRS AT 9.5094 456,45
1 78 SIGNAL GANG %26 Sé.00 HRS AT 7.6600 735.3¢6
1 78 SIGNAL GANG #2a . 48R.00 HRS AT 6.5800 315.84
1 76 SIGNAL GANG #2A 48,00 HRS AT 6.4900 311.52
7 78 SIGNAL GANG 42a £4.00 HRS AT10.4604 669 40
2 78 SIGANAL GANG #2a G&.00 HRS AT 7.6600 735.30 .
2 78 SIGNAL GANG #24 64.00 HRS AT 6.5800 421.12
2 78 SIGNAL GANG #2Aa 24.00 HRS AT 6.4900 155.76
o 4341.21
PLUS- 7.25C% VACATIAON ALL On 4341.21 314.74
3.5CC% PC HOLI DAY oN  4341.21 151.94
23.1CC2 RREUI T AXES CN 4 E07.85 1110.67
E«C((Y HFALTH & WELFARF CGN 4£341.21 217.U6
3.CCCE CCMP INS aN 4655455 139.66
1.CGC%E PLEPYD INS CN 4655.65 46 .56
0.125/kR EXC TAX OGN  558.CCQ HRS - 69.75 6351.56
MATFRTAL
1.€0 2C781 BLCWER FaN 2 FRCM A
UNIT PRICF IS 11.4500 EA
TOTAL wFIGHT IS 2.0 LBS 11.45
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P AGE - 2

STATE CF ARKANSAS BILL AUDIT NC -
STATE FICHWAY DEPT. MONTHS ACCOUNT-—
P.0.BOX ZzZ61 . ACCTG DEPT NCG-
PITTLE RCCK ARKANSAS DATE MADE -
. SA- 60904518
1.CC 2E20¢& THERMDSTAT 2 FRCM A
UNIT PRICF IS 13.6400 EA
TCTAL wFIGHT IS 0.0 LBS 13.64
46.C0 SCREW BRASS RH #10X1M 2 FRCM A
UNIT PRICF IS 0.060C EA
TCTAL WRFIGHT 1S 0.0 LB8S 2.76
10.CC SCREW BRASS RH #10X3/4" 2 FRCM A
UNIT PRICF IS C.040C EA
TOTAL WFIGHT 1S 0.0 LB8S 0.40
31.0C SCREW MACHINE 1 /4vx2CXx7/8n 2 FROM A
UNIT PRICF 1S C.0500 EA
TCTAL WFIGHT IS 0.0 LBS 1.55
140.0C FT WIKE #6 BONDSTRAANL 2 FROM A
UNIT PRICF IS 0.5000 FT
TCTAL wrIGHT IS 0.0 LBS 70.00
300.0C FT WIRE # 10 AwG FLEX 1 FROM A '
UNIT PRICF 1S 0.0680 FT
TCTYAL wFIGHT IS 0.0 LBS 29.40
2300.0C FT WIFRE FLEX &14 AWG 1 FRGM A
UNIT PRICF IS J.0510 FT
TCTAL WFIGHT IS .0 LBS 15.50
7345.0C FT WIRE 1-COND #6 AWG 1 FRCM A
UNIT PRICF 1S 0.1750 FT
TCTAL wrFIGHT IS 0.0 LBS 410.37
1.00 CAPACITCR 2900 MF(. 2 FROM A
UNIT PRICF IS 60000 EA
TCTAL WFIGHT IS 0.0 LBS 6.00
1.00 CLAMP CAPACITIR &#VR3 2 FRCGM A
UNIT PRICF 1S C.200C EA
TCTAL WFIGRHT IS 0.0 LB8S 0.20
?2.00 RESISTICR EC OHM &§5C WAIT 2 FROM A
UNIT PRICF 1S 7.6500 EA
TOTAL WFIGHT IS 0.0 LBS 5.30
2.0C PADLCCK ASSY #w9-6 2 FROM A
UNIT PRICF IS 4.,7%00 EA
TCTAL WFIGHT IS 1.50 LBS 9.50
1.0C TRANSFCRMFR W-RQQ0 1 FROM A
UNIT PRICF IS 738.1400 Fa
TCTAL WFIGHT 15§ 0.0 LBS 238.14
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STATE CF ARKANSAS
STATE FICHWAY DOFRPT.
P.C.BCX 2261

LITTLE RCCK ARKANSAS

s ——— A ——— — — —— — - " —— . — T — — ———— — — — — ————————

2 FROM A

1.0C RELAY ON=-22A 40HM 2FR
UNIT PRICF IS 94.080C EA
TCTAL wFIGHT 1S 0.0 LBS
2.CC RELAY PA=1508 w/HASF 1 FROM A
UNIT PRICF IS 245.7200 EA
TCTAL WEIGHT IS 0.0 LBS
1.CC RELAY PN=150HD W/BASE 1 FROM A
UNIT PRICF IS 267.115% EA
TCTAL WFIGHT IS 0.0 LBS
1.CC PELAY PN~150° w/HBASE 1 FRCK A
UNIT PRIGF 1S 251.92CC FA
TOTAL whIGHT IS 0.0 LBS
2.0C RELAY PF-256 w/RASF 1 FROM A
UNIT PRICF IS 256,529 FA
TCTAL WFIGHT IS 0.0 LBS
1.00 SP-1S.2A4 SURGF PROTECTOR 2 FRGM A
UNIT PRICF IS 36.7500 €A
TCTAL WFIGHT IS C.0 LB8S
2.C0 MUDEL SM XING GATE W/24*'F/GAR 1 FRCM A
UNIT PRICF IS  2G31.659G FA
TCTAL WEIGHT IS 0.0 LBS
2.CC A47SA 5 FLASH | IG SIG 2 WAY 1 FROM A
UNIT PRIGF IS 721.000C EaA
TCTAL wFIGHT IS 0.0 LEB8S
1.00 2wAY XING ARMS W/4FA 12°LIGHT 1 FRCM A
UNIT PRICF IS 465.0000 EA
TCTAL WFIGRT IS .0 LBS
2.00 ALUMINUM CC XING BELL S“NAST 1 FRCM A
UNTIT PRICF 1S 144.0000 EA
TOTAL WEIGHT IS 0.0 LBS
2.CC TASTRUMENT CASF 18-1/2¢ 1 FROM A
UNIT PRICF IS 33.500C EA
TCTAL wFIGHT IS J.0 LBS
1.00 LB AC-OXICF GRFASF 2 FROM A
UNIT PRICF IS 6.C00C LB
TCTAL WEIGHT IS 0.0 LBS
0.50 QT.PVC SCLVENT CFMFNT 2 FRCM 4
UNIT PRICF IS 5.5000 QT
TCTAL WEIGHT IS 9.0 LBS
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BILL AUDIT NG -
MONTHS ACCOUNT-
ACCTG DEPT NO-
DATE MADE =

SA- G0S04518

94.06
499 .44
297.12
251.92
713.86

36.75

4063.32
1462.00
468.00
288.00

67.00



P AGE -

BILL AUDIT NC -
MONTHS ACCUUNT-—
ACCTG DEPT NC-

STATE CF ARKAASAS
STATE FICHWAY DFPI.
P.C.BCX z2¢€1

LTTTLE RCCK ARKANSAS DATE MADE -
SA— G0904518
.00 BCNC WIRE SUPPART CLAMP 2 FRCM A
UNIT PRICGF IS 0.7200 EA
TCTAL WFIGHT IS 0.0 LBS 1.76
2.00 LB JUIE RCPE PACKING 2 FROM A
UNIT PRICF 1S 0.3800 L8
TCTAL WFIGHT IS 0.0 LBS 0.76
2.0C GATE FCUNCATION GALV 1 FRCOM A
UNTT PRIGFE IS 146.0000 EA
TCTAL WFIGHT IS 0.0 LBS 2%2.00
5.00 CCNOLIT CCUPLING 11/4" 2 FROM A
UNIT PRICF 1S C.?240C EA
TCTAL WFIGHT IS J.0 LBS 1.20
40.C0 FT.CCADUIT 1l1/4%"GALV 2 FRCM A
UNTT PRICF IS 0.3020 FT
TCTAL WFIGHT IS J.0 LBS 12.08
S.0C FD-24C EATTERIFSI3CELLTRAY) 1 FRCM A
UNIT PRICF 1§ £5.4900 EA
TCTAL wFIGHT IS 0.0 L8S 765 .41
3.0C TNSL.FAIL JCINIS 85 LES 1 FROM A ‘
UNIT PRICF IS 145.00C0 EA
TCTAL WFIGHT IS 0.0 LBS 447.00
10R0.CC FT.wIRE 1-COND »10 SGLIT 1 FROM A
UNIT PRICGF 1S U.098C FT
TOTAL WFIGHT IS 0.0 LRS 105.64
1.CC MCTICMN SFNSOR «68350-1%€6-2C 1 FROM A
UNIT PRICF IS  1$92.0000 EA
TCTAL WFIGHT IS 0.0 LBS 1962.00
180.0C FT.CLADUIT 3%Puv( o 2 FROM A
UNIT PRICF IS 1.7600 FT
TCTAL WFIGHT IS C.0 LBS 322.20
£.0C ELBCh SC 2 2 FRCM A '
UNIT PRICGFE IS 13.5000 EA
TCTAL WFIGHT IS 0.0 LBS 81.00
. 20.00 CCUPLING v 2 FROM A
UNIT PRICF 1§ 1.560C EA
TCTAL WwFIGHT IS J.0 LBS 31.20
1.00 PCLES CRFO PINF SIG 40 F1 2 FROM A
UNIT PRICF TS 75.0000 EA
TQTAL wEIGHT IS 0.0 LBS 79.00

53



STATE OF ARKANSAS
STATE FICHnAY DFPI.
P.0.BOX 2261

LITTLE RCCK ARKANSAS

G.0C

t7.00

1¢.CC

18.0C

36.0C0

RL TAFE RLK FRICTION 374" 2 FRCM A
~ UNIT PRICF IS 0.7C00 RL
. TCTAL wWRIGHT IS T U.0  LBS
" RURPER BQRCTLEG 2 FROM A
UNIT PRICGF IS C.5000 EA
TCTAL wWFIGHT IS 0.0 LBS
STRANL PIN RACA #624—6 . , 2 FROM A
UNIT PRICF IS C.580C EA
TCTAL WFIGHT IS 0.0 LBS
CLAMP RACG INS 2 FRCM A
UNIT PRICF 1S C.26GC FA
TCTAL wWFIGHT IS 0.0 LBS
RCNLCS CACWELD 2 FRGM A
UNIT PRICF IS 0.8900 EA
TCTAL wFIGHT IS 0.0 LBS
RCOC GRD E/Et xat 2 FROM A
UNIT PRICF IS 7.26CC EA
TCTAL WFIGHT IS 16.60 LBS
CLAMPS GRD WIRF HUBBARD 2 FRCOM A
UNIT PRICF IS 0.75C0 EA
TCTAL WFIGHT IS 0.50 LB8S
FT.PANDUIT DUGCE COVER ? FROM A
UNIT PRICF IS 0.4100 FT
TOGTAL WFIGHT IS 0.0 LBS
FT.UNISTRUT CHaNNEL #P-6000 2 FRGM A
UNIT PRICGF 1S 0.5000 FT
TCTAL WFIGHT IS 0.0 LBS
UNISTRELT ALT W/ SPRING 2 FRCM A
UNIT PRICF IS G.1500 FA
TCTAL WFIGHT 1S 0.0 LBS
$14-1¢ WIRE RFCLEPTACLES 2 FROM A
UNIT PRICF -IS C.B0CC EA
TCTAL WFIGHT IS 0.0 LBS
#10-12Z wWIRF RFLEPTACLES 2 FRUM A
UNIT PRICF IS 0. 8000 EA
TCTAL WFIGHT IS 0.C LBS
£4 SCLDER LUG 2 FROM A
UNIT PRICF IS C.1600 EA
TCTAL WFIGHT IS 0.0 LRS-
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BILL AUDIT NO —
MONTHS ACCLUNT-
ACCTG DEPT NC—
DATE MADE -
SA- 60904518

356.00

14.52

14.40

28.80



A

STATE CF ARKANSAS
S1ATE FIGHWAY DEPI .
P.N.BOX <2¢1

1 JTTLE RCCK ARKANSAS

36.0G

3L.CC

.00

S.00

17.¢C

 7R.CC

T RR.(C

628-1¢éN TERM INSL #14-1¢ AnG 2 FRCM A

UNTT PRICF IS 0.0800 EA
TCTAL WFIGHT 15 0.0 1LBS
628=-17N INSL TFRM #1C—12 AWG 2 FRCM A
UNIT PRICF 15 C.C80C EA
TCTAL wWFIGHT IS G.0 LEBS
£23-1 TEST TFRM #14—-1¢AWC 2 FROV A
UNIT PRICF IS G.500C EA
TCTAL WRIGHT IS 0.07 LBS
€286-2 TEST TERM &#10~-12 AWG 2 FROM A
UNIT PRICE IS C.5400 EA
TCTAL WFIGHT IS 0.54 LBRS
> 320-€€1 API SPAD TERM #14-16 2 FROM A
UNIT PRICF IS C.1100C EA
TCTAL WFIGHT IS 0.0 LBS
6£28-20 FLAG TERM #14-1¢ AWG 2 FROM A
UNIT PRICF IS 0.0500 EA
TCTAL WFIGHT IS 0.0 LBS
321E8G¢& RINC=TONG TFERM & AKG 2 FRGOM A
UNTT PRICF IS G.1500 £A
TGTAL w-IGHT IS 0.0 LBS
CCNNECTCR #839-5 12"LONG 2 FROM A
UNIT PRICF 1S C.7500 EA
TCTAL WFIGHT IS 0.0 LBS
12—-PCST TERM STRIP 4%#390-11 2 FRCM A
UNIT PRICF IS 4.7500 EA
TCTAL WFIGHT IS 0.0 LBS
7—FPCST TERM #5612-5X 2 FROM A
UNIT PRICF TS 1.1800 EA
TCTAL W-1GHT IS .0 LRS
FLEXITE PLASTIC HARKING TUBES 2 FROM A
UNIT PRICF IS C.07C0 E&
TCTAL wFIGHT 1S 0.0 LB8S
TAGS ELACK FIRFR 2 FRCVM A
UNIT PRICF IS 0.1040 FaA
TCTAL WFIGHT S 0.0 LBS
#4C8 INSL NUT 2 FROM A
UNIT PRICF IS 0.7300 EA
TCTAL WFIGHT IS 0.0 LB8S
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STATE CF ARKARSAS
STATE FICGHwWRY DEPT .

BILL AUDIT NO -
MONTHS ACCOUNT-

P.C.BOX 2261 ACCTG DEPT NC-
I ITTLE RCCK ARKANSAS DATE MADE -
SA- GUY04518
1.0C #HO-ZzZ1 CFF~SET NIPPLE 2 FRCVM A
UNIT PRICF IS 0.3800 EA
"TCTAL WFIGHT IS 0.0 LBS 0.38
2.0 CCACUIT LCCK NUT 1727 2 FROM A
UNIT PRIGF IS 2.070C EA
TCTAL WEIGHT IS 0.0 LBS 4.14
1.00 #CCZ-4AS BREAKFR BRUX 2 FROM A
UNIT PRICF IS 4.750C E&
TCTAL WrIGHT IS 0.0 LBS 4.75
1.GC #CC BFEAKER #130 3CA 2 FROM A
UNET PRICF TS 1.8100 EA
TCTAL WFIGHT IS 0.0 L8S 1.81
1.6C GC-11% GRC FAUI T INTERLPTER 2 FROM A
UNIT PRIGF IS 28.5000 EA
TOTAL WFIGHT IS 0.0 LBS 28.50
1.0C PK-4GTA GRT RAk KIT 2 FRCM A
UNIT PRICF IS 0.80CC EA
TCTAL WFIGHT IS 0.0 LBS 0.80
34.0C LPC~1C17S ARRFSTOR 2 FRCM A
UNIT PRICE 1S 4.7000 EA
TCTAL WFIGHT IS 0.0 LBS 295.80
AR.CO LPC-1CL81 ARRESTOR CLIP 2 FROM A
UNIT PRIGF IS 0.6000 EA
TCTAL WFIGHT 1S 0.0 LBS 40.80
1.CC ELASTIMCLE PROIEGTOR 2 FRCM A
' UNIT PRIGF IS 0.700C EA
TCTAL wrIGHT IS - 0.0 LBS 0.70
1.0C 1230-Cl SURGF PROTFCTOR 2 FROM A
UNIT PRIGF TS 42.4400 EA
TCTAL WFIGHT IS 0.0 LBS 42 044
1.00 GLTLET BCX 2"x 3w 2 FRCM A
UNIT PRICF IS 0.7800 EA
. TCTAL WFIGHT IS 0.0 LBS 0.78
1.00 5252 L[UPLEX RFREPTACLF 2 FROM A
UNIT PRIGF IS 1.4700 EA
TCTAL WFIGHT IS 0.0 LBS 1.47
1.C0 S1522 RECEPTACIF COVER 2 FROM A
UNIT PRIGF IS C.3300 EA
TCTAL WFIGHT IS 0.0 LBS 0.33
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P.O.BOX 2261 ACCTG DEPT NG-
LITTLE RCCK ARKANSAS ‘ DATE MADE -
SA— 60904518
1.CC ALUM FRINT POCKFT 2 FROM A
UNIT PRICGF IS 3.7500 EA
TCTAL wFIGHT IS 0.0 LBS 3.75
3.0 U.G.CABLF RISFk 2 FROM A
UNIT PRIGE IS 15.40C0 EA
TCTAL WFIGHT TS 0.0 LEBS 46.20
1.C0 CASE ALUM €1-17/4" 2 FRCM A
UNIT PRICF 1S £20.000C FA
TCTAL WFIGHT 1S J.0 LBS 520.00
1.CC 2AG SLC-8LC 3A FUSF FOR FAN 2 FROM A
UNTT PRICF 1S (0.7800 FA
TCTAL WFIGHT IS 0.0 LBS 0.2F
1.0C IN-LINE FUSE HULDER COMP. 2 ERCM A
UNIT PRICF IS 0.7000 EA
TCTAL WFIGHT IS 0.0 LBS 0.70
15.0C 1/4=-2C TEE NUTS 2 FRCM A
UNIT PRICF IS $.0520 EA
TCTAL wrIGHT IS 0.0 LBS 0.756
1.C0 PT.PAECC %2 ACIND RFST.PAINT 2 FROM A .
UNIT PRICF IS 1.5000 EA
TCTAL wFIGHT IS 0.0 L8S 1.50
1.0C RESISTOR SC DK% 5 WATT 2 FRCM A
UNIT PRICGF IS 2.6500 EaA
TCTAL WEIGHT IS 0.0 LBS 2.65
17.CC FT.PANCLIT wWIRF DUGT 2 FRCM A
UNIT PRICF IS 1.2500 FT
TCTAL WFIGHT IS 0.0 LBS 21.93
4.C0 RCLTS STAINLFESS STFEL 11/4"X] 2 FROM A
UNIT PRICF 1S C.3000 FA
TCTAL wFIGHT IS c.0 LBS 1.20 .
16.CC NUTS STAIANLESS STEFL 174" 2 FRCM A
UNIT PRICF TS 0.060C EA
TCTAL WFIGHT IS 0.0 LBS 0.96
13.0C STAR WASFERS STAINLESS STFEL 2 FROM A
UNIT PRICE IS 0.1000 FA
TCTAL WFIGHT IS 0.0 LBS 1.30
1.0C RUBBERMAT ES&—1/4"x12" . 2 FROM A
UNIT PRICF IS 2.1000 EaA
TCTAL WFIGHT IS 0.0 LBS 2.10
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1.0C 3/4"CCPPER GRD STRAP 2 FRCM A
UNIT PRICF IS 2.0000 EA
TCTAL WFIGHT IS 0.0 LBS 2.00
5.00 AMP TEST TERM.416—14 321524 2 FRCM A
UNIT PRICF TS 0.0300 EA
TCTAL wWHIGHT IS 0.C LBS 0.15
1.00 21-251 WIRE LUWF 2 FRCM A
UNIT PRICF IS C.5000 GAL
TCTAL W-IGHT IS 0.0 LBS 0.50
2.CC 11/4 <3 GALV.F! BIaS 2 FROM A
UNIT PRICF IS D.8200 E&4
TCTAL WFIGHT IS 0.0 LBS l1.64
f0.CC FT.RIRE #& THw STRAN BLACK 2 FRCM A
UNIT PRICF TS 0.0110 FT
TCTAL WFIGHT IS 0.0- L8BS 0.66
" 60.0C FT.RIFE #8 THW STRAN WHITF 2 FRGM A
UNIT PRICF TS 0.011C FT
TCTAL WFIGHT IS U.0 LBS 0.66
?2.0C CC 12C SCUC"CIKCUIT BREAKFR 2 FROM A
UNIT PRICF IS 2.5200 EA
TCTAL wFIGHT IS Jo0 LBS 5.04
1.00 R=12% BUSRKING 11/4 RAIN TIGHT 2 FRCM A
UNIT PRICF IS C.75CC EA
TOTAL WFIGHT IS 0.0 LBS 0.75
1.06 QC 123C SC C RiIX FEXTERIOR ? FRCM A
UNIT PRICF 1S 1.3200 EA
TCTAL WFIGHT IS 0.0 LB8S 1.32
?7.CC RL 1Z%5 AFFL 1174 BUSKING 2 FRCOM A
UNIT PRICF IS 0.1200 EA
TCTALL WFIGHT IS Q0.0 LB8S 0.24
6.00 RU 12¢ APPL 1174 BUSHKING 2 FRCOM A
UNIT PRIGF TS 0.120C EA
TCTAL WFIGHT IS 0.0 LBS 0.72
'6.CC 114 Tw=2 2 HOLF PIPFCLAMPL1/4 2 FROM A
UNIT PRICF IS C.9200 EA
TCTAL WFIGHT TS 0.0 LBS 5.52
1.00 11/4"Xx6"GALV NIPPLF © 2 FRCM A
UNIT PRIGF IS 0.550C EA ‘
TCTAL WFIGHT IS 0.0 UBS 0.55
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STATE CF ARKANSAS : BILL AUDIT NC -
STATE +FICHWAY DEPT. MONTHS ACCOUUNT-—
F.C.BOX zz61 ACCTG DEPT NO-

* . LITTLE RCCK ARKANNAS DATE MADE -
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- —— . —— —— — i — i — — ————  —— — —— Y — — — — — " ——— . T — T ——" ——— . —_— ——— ———— T — — e o o 7t e

1.0C WEH 114 WEAVER WP ENTRANCFl1l/ 2 FROM A

UNIT PRICE TS 6.7500 EA
TCTAL WFIGHT IS 0.0 LBS 6.75
14798 .54
5.0002 HANCLIANG N 2388.82 115.43
3.0CCE USE TAX (N 14758.54 443 .,6G¢
C.5CC% PURCHASING FxPFNSE CN 12410.12 62.05
7.GCC% FCREIGN LINF FREIGHT 0N 2338.82 167.21
5.0CC% Ch=LINE FRFIGHT N 0.00 0.00 15561.59 .
FRFIGFT WEIGHT M1 TCON MILES
TON ¥1 AT (.ClC/T# 3 0.03
FCQUIPMENT FENTAL
1 78 Z26521C5 & TON w/800M & ALGFR
: €.000 DA AT SC.4JG0 DA 542.4C
1 78 42622°%4 LTILITY TRLR
6.000 DA AT 14.80C0 DA 88 .EOD
7 TR 2¢¢£21€5 5 TON «/8BG0OM & AULGFR
g.000 DA AT SC.4000 DA 725.20
? TF 42€22f¢4 UTILITY TRLR
€.000 DA AT 14.8000 DA 118.4C 1472.80
_________ |
FOTul INSTALL SIGNALS 23455,68
e 2=PRELTIMINAFY ENGR
. "LAHCR
T 77 PoKKENIYA 4.00 HRS AT 7.5167 31.67
T 77 AR.R2TH R8.00 HRS AT 99,9108 15.26
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STATE CF ARKAANSAS BILL AUDIT NO -
STATE FICHWAY CFPI. ‘ MONTHS ACCUUNT—
P.G.BUOX 22¢€1 ACCTG DEPT NC- )
LITTLE RCCK ARKANNSAS ‘ DATE MADE - ‘
: : SA— 60904518
7 77 A.KLEMENS JR 3.00 HRS AT 8.3929 25.18
7 77 M.R.FRANKF ‘ ?.00 HRS AT 9.6429 19.29
1C 77 E.FERNANCEZ 14.00 HRS AT 9.8215 137.5C
10O 77 TedeWRIGHT 15.00 HRS AT 7.6191 114.26
10 77 C.D*ALRA : 1.0CG DAYS AT 56.1400 56.14
463.36
PLUS-— 7.25C% VACATION ALL ON 453,36 33.59
2.5CC2 Pr HOLI DAY GN 463.36 16.22
23.,1CC% RREUI TAXES ON 513.17 118.54
5.CCCZ HEALTH & WFLFARF Ci 463.36 23.17
2.CCCE CC¥P INS GN 456455 14.91
1.CGCZ PLEPN TNS ON 456.55 4.57
0.125/FR EXC TAX ON 54.000 HRS 675 681.51

TOTal PRELIMINARY ENGR 631.51

3-AGCTG. & PFREP.

P ARCR
& 78 ACCTIG & PREP 1.5C0 DAYS AT 61.8400 92.76

92.76
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STATE CF ARKANSAS
STATE FICHwWAY DEPI.
P.N.BOX 2261

LITTLE RCCK ARKANSAS

PLUS- T7.285(2%2 VACATIUN ALL GN

3.5C(% PC HOLI DAY ON

22.1CC% RREUT 1§ AXES GN

E.CCC(2% HEALTH & WFLFARF CN

2.LCC2 CCNP TINS N

1.CCCZ PLEPD INS CN
C.12S/FR EXC TAX 0ON 12.000 HRS
TOTalL ACLTG. & PRFP.

ToT AL O E T LL

. ——— — ——— g —— i —— — —— — A —— A ———— ——— i —— —— . ————— — —— — .

92.76
92.76
102.74
92.76
59.49
99.49
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REGIONAL COST FINDINGS
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MEAN INSTALLATION COSTS FOR ACTIVE MOTORIST WARNING DEVICES
BY REGION )

{Numbers in thousands of dollars)

CcOST

REGION TOTAL PRE-ENGINEERING LABOR MATERIAL EQUIPMENT

Flashing Lights

1 21.1 0.9 7.1 11.8 1.1
.2 18.9 1.1 5.2 11.9 1.0
3 24.7 0.8 7.5 14.5 0.6
4 22.3 1.2 7.8 12.5 0.8
5 34.5 1.2 11.3 19.9 1.2
Cantilevered Flashing Lights
1 25.5 0.8 7.1 14.6 1.1
2 31.1 1.6 9.2 20.4 1.5
3 27.9 0.8 8.2 16.4 0.7
4 29.3 0.9 7.6 19.2 0.7
5 46.6 1.1 14.8 28.7 2.2
Flashing Lights with Gates
\
1 39.7 1.4 12.5 29.5 1.6
2 41.1 1.7 10.9 25.1 1.7
3 47.9 1.2 12.3 29.7 1.8
4 36.0 1.0 8.3 24.3 1.4
5 33.7 0.6 8.3 21.8 1.6
Cantilevered Flashing Lights with Gates
1 53.1 2.3 14.4 30.5 2.2
2 43.4 1.9 9.9 27.7 2.1
3 48.5 1.2 13.9 30.9 1.5
4 46.4 0.8 10.4 32.2 1.3
5 48.2 0.8 10.5 32.1 2.3
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For the analysis of small samples when the population
variance 1s unknown, the t-statistic may be used to set
confidence intervals about the sample mean. This assumes that
the sample is derived from a population which is normaily’or

near-normally distributed.

. The t-statistic may be written as:

Where
X = sample mean
m = population mean
s = standard deviation of the sample
n = sample size

By knowing the distribution of this statistic, a confidence

interval on m can be calculated by using the following steps:

1. Write an appropriate probability statement.

PI~ tap,n-1 S = S * tayp, gl =1 -0
/2,n-1 SA/; /2,n-1
Where \
1l - o = level of confidence required
n - 1 = degrees of freedom
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2. Isolate the parameter of interest.

% - =5 ¢ » X + = 1= 1 -
pix Jn ta/Z,n—l sm<xA /n tu/Z,n*l] 1 -o
3. Substitute in the ineguality the observed value of the

sample statistics, X and s. The (1 - o) 100 percent

two-sided confidence interval o6n m is then

x|
1

to x +

ta/2,n-1 to/2,n-1

31 |w
3w

As an example, refér to the data below. These data
représent the total initial costs of 24 projects involving the
installation of flashing lights and gates with motion sensor

train detection devices.

33,388 33,303 X = $32,266
39,025 39,874 s = 7325.4
32,532 22,573 n = 24
30,048 30,994

31,292 27,046

31,455 24,974

26,630 29,886

29,267 27,144

53,536 31,072

51 392 31,400

28,502 27,332

31,862 27,9432

Then, 4 95 percent confidence interval on the mean would be:

, _ 1325.4 < % < 32 966 + 1325.4 .

70



F tandard isti t ’ = 2.
rom standard statistical tables t0.025,23 2.069

Therefore, the 95 percent confidence interval is:
32,266 + 3,094 or 29,172 < x < 35,360

This interval may be calculated for any desired level of

confidence.
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This report describes the results of a study designed to
collect, analyze, and document life cycle costs of rail-highway
¢crossing warning systems. Costs were analyzed by components
consisting of pre-engineering, labor, material, equipment rental
costs, and maintenance costs. Factors contributing to cost
variability were identified and quantified. While no new
inventions have resulted from this work, important new
information about these life cycle costs have been obtained.

The new findings include:
1. Thirty-year maintenance costs discounted to present
value were found to be between 53 percent and

61 percent of the total installation costs.

2. More reliable installation cost data for flashing

lights and automatic gates were determined.
3. No consistant regional variation in costs was found.

4. Average costs of warning systems increased with the

number of tracks.

5. A hierarchy of train detection systems was established
with respect to costs.

These results will be used by Federal, state, and railroad

planners involved in the application of grade crossing warning

equipment to improve rail-highway crossing safety.
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