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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. Depaitment 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 by· 

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. Desai, Vice President of the Systems Research and 

Communications Division, 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 

Burlington Northern 

Chicago and Northwestern 

Conrail 
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Robert B. Stout, 
P.H. Foley 

R.F. Garland 

J.B. Ragsdale 

Robert Cotter 



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 Manufqcturing 
Company 

Structural Rubber Products 

J.O. Born 

Thomas Bryant 

T.B. Hutcheson 

H.B. Berkshire 

D.R. Higgins 

James Fehr 
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 

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 Stir face 

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. In support of 

these safety efforts, several projects have been undertaken by 

the 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 

etfectlveness 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 existing , 
active warning system aie 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. 
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Life cycle installation costs and maintenance costs were 

determined for e~ch of the active m6torist warning devices, as 

shown.in Table A. 

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

MOTOR~ST WARNING DEVICE 

Flashing lights l 

cantilevered flashing 
lights 

Flashing lights 
with gates 

cantilevered flashing 
lights with gates 

Flashing lights upgraded 
to flashing lights with 
gates 

Flashing lights upgraded 
to cantilevered flashing 
lights with gates 

INSTALLATION 
COST 

26. O· 

29.4 

39.2 

44.6 

33.5 

42.7 

MAINTENANCE 
COST 

14.1 

17.4 

23.2 

27.1 

23.2 

27.1 

IThe term "flashing lights" refers ohly to post-mounted 
flashing lights 

TOTAL 
LIFE 
CYCLE 
COST 

40.1 

46.8 

62.4 

71. 7 

56.7 

69.8 

As Table A demonstrates~ 30-year maintenance costs 

discounted to present value comprised 54 percent to 61 percent 

of the total installation costs~ maintenance costs as a 

percentage of in~tallation costs increased with the complexity 

of the motorist warning device. 
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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 COST COST COST 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 lights 33.5 0.7 8.6 21.4 1.4 1~4 
upgraded to 
flashing lights 
with gates 

Flashing 1 ights 42.7 1.1 9.9 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 motorist 

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 bourtd~ries and costs appeared to vary 

more by railroad than by region. Additionally, the 

regional samples offered 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. In both case~, the differences among average 

installation costs were small. 

Number of tracks - Average costs increased as the 

number of tracks increased ~ta crossing, although the 

additional cost pet track was dependent upon other 

factors as well. These include train detection type 

and existing track circuitry. 

Existence of tt~ck.circ~itry - The ~ata available were 

insufficie~t to perform a statistically meaningful 

analysis of this factor. 
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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 crossing 

predictors (GCP). 

xv/xvi 





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 model.
l 

This 

model is derived from the physical and operating characteristics 

of the crossings in the DOT-AAR crossing 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 

benefit/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-BO-02, U.S. Department of Transpor­
tation, Research and Special Programs Administration, Cambridge, 
Massachusetts, March, 19BO. 
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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: engineering, 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 nonactive 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.
l 

lEffective January 29, 1980, the five FRA regions were 
restructured. There are currently eight FRA regions. 
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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-highway crossing warning devices, and collect 

historical cost data on the installation and maintenance of 

tnese 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 of 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 

f~ashing lights with gates, were divided into two categories: 

cantilevered and post-mounted flashing light installations. 

T01S 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 

1Texas 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. 
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to the states. These final billings, available from both the 

r~ilroads and the states, were found to be the most complete 

data available on the install~tion costs of rail-highway cross­

ing warning devices. Maintenapqe cost data were compiled from a 

variety of sources including ~ailroads, 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 

m~intained by FRA. 

Installation costs were qetermined by project totals and by 

project subcategories of preliminary engineering, signal labor, 

m~terial and material handling~ and equipment rental. Mainten­

ance costs were discounted to present value using a 10 percent 

discount rate over a 30-year ~ervice life. All costs were 

ind~xed to 1977 dollars using the AAR Quarterly Railroad Mater-
2 ial Prices and Wages Index. cost variability by factors 

influencing life cycle costs wa~ examined by controlling varia­

bles such as crossing location, the number of tracks, the type 

Of tiain detection subsyste~, ~nd 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 influencing l~fe cycle costs which appear in 

unique combinations at the various crossings. 

lAv~rage annual maintenance co~~~, in 1977 dollars, were 
~~§tf~buted over the service life 9f ~he motorist warning 
dev~Ges using the method outlined in c~rcular A-94, Revised, of 
the Office of Management and ~ydget (OMB). AS recommended, a 
19 percent discount rate was y~ed. 

2~urrent dollars th~oughout th~~ repqrt were determined by 
4tilizing the AAR Quarterly Materials Prices and Wages Index. 
~he most recent quarterly index avai~able was December 1977 
(dated July 26, 1978). Therefore, all costs are presented in 
1977 dollars. 
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2. COST DATA COLLECTION 

2.1 DATA REQUIREMENTS 

In order to apply the concepts of life cycle costing to 

rail-highway 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 requesting 

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 includea 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 
I 

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 devlces, equipment life, cost of capital, and price and 

wage indicators. 
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Types of Systems 

Motorist warning devices - Listed i~ order of increasing 

complexity, cost data were required for flashing light, canti­

levered flashing light, flashing light with automatic gate, and 

c~ntilevered flashing fight ~~eh automatic gate installations. 

Train detection systems ~ These included direct current 

(DC), altern~ting/direct cu{rent (AC-DC), grade crossing 

predictors (GCP) , audio frequeQcy Qverlay ~AFO), and motion 

sensors (MS). 

Passlve systems - Data fo~ the costs of crQssbucks were 

also needed. 

Regional Differences 

It was expected that rail~highway crossing device costs. 

would vary across FRA regions~ Contributing fa.ctors included 

wages and material, differences ~n shipping and material 

handling costs, and individua+ railroad operating practices. 

Types of Installations 

Other factors contributing to 9ifferen~es in cost were 

whether a particular installatiqn was new or an upgrading of 

grossing warning devices was necessary, whether there were 

existing track circuits, and whether surface work was needed. 

Crossing Chpracteristics 

PhYSIcal c~aracteristics of the crossing, such as the num­

ber of tracks and highway lanes, were seen ~s possible factors 

in cost differences. 

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

analyzing cost variations. 
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2.2 DATA SOURCES 

2.2.1 Identification 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 con­

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. In 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 wage 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.) 

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

communications) and overhead 

Personnel expenses - lodging, meals, and other minor 

expenses, if necessary 

Materials - detailed listing of system components 

Material handling - taxes and freight 

Equipment - leased and rented machinery for performing 

signal and track work 

9 



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 

rail~oad. It became evident that the original breakdown of ini­

tial life cycle costs by engineering, procurement, and labor was 

insufficient to show significant cost variations. The original 

categories were then expanded to pre-engineering, labor, materi­

als 1including 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 

wete experienced in the.ir 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 equipment, 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 cros~ing characteristic infOrmation such as the number 

of tracks, highway lanes, the locatioh of the crossing, and the 

existing motorist warning device. 

Other problems, such as illegibility, nonuniformity in 

billing format, and lack of audited cost, cau~ed minor difficul­

ties in data reduction. 

2.3.2 Summary of Usable Install~tip~ Cost Data 

Table 2-1 presents a s0mmaty of usable installation cost 

data received aCcording to r~gioti, type of project~ and source. 

Due to missing data, "mixed syst~mri projects, duplicates and 

oth~r data inadequacies, thes~ numbers represent ofily those pro­

jects utilizSd for the life cydle co~t analysis~ The total 

usable sample includes 321 crossing installations out of a total 

received sample of approximately 450. 

2.3.3 Maintenance Cost Data 

~aintenance costs were obtainad froM Vari00s sources in per 

si~h~l unit values or total avera~s annUal costs. Signal units 

at~ used to represent the relativ~ co~~laxity of the various 

types 6f equipment comprising ~ r~il~highWay crdssin~ warning 

device. The signal unit measurement technique was develOped by 

th~ AAR to ensur~ equitable diVision bf the construction and 

fu~irit~hahce costs ot joint sigh~l f~6ilities and int~ti0cking 

plants aMOng railroads who shar~d these faCilities. l 

lAssociation of Arnarican Railroads, "Raiiro~d-Highway Grade 
cr ass ing Protect ion," Arner ican Ra il\<.1.3.y Signal ii1g Pr inc iple sand 
Ptactices, Chapt~r 23, 1962. 
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TABLE 2-l. 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 

DA'rA SOURCE 

State of Massachusetts 12 

Conrail 2 

Maine Central 3 

Seaboard Coast Line 5 92 

State of Kentucky 19 

Missouri Pacific 8 17 

State of Missouri 16 

Burlington Northern 17 10 

Chicago & Northwestern 13 

State of Louisiana 10 

Southern Pacific 13 4 

State of California 80 

13 



The basic maintenance cost (lata received i!? summarized in 

Table 2-2. The signal unit cost::; are converteq 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 Centra~ Railroad, conr~il, and the Texas 

Railway Association (TRA), provided data on actual maintenance 

costS.TRA's figures are based on a survey of tne maintenance 

costs incu.rred at 188 publ~c rail-highway crossings, while the 

other two sou.rces represent averages o·f recent maintenance 

expenditures. The other sou.rqes provided data on amounts that 

were negotiated between states and railroads. These negotiated 

values are used as the basiij 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 e}{ceptions 

of Wisconsin and California which contribute 2~ percent and 

100 percent, respectively. 

iJ 
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3. COST FINDINGS 

3.1 LIFE CYCLE COST PROCEDURE 

The cost information received consisted of installation 

costs for projects incurred over the four-year period from 1975 

to 197a 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 

obtaln 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 

intormation. An interview with an expert on railroad deprecia­

tion rates at the Interstate Comm~rce Commission (ICC)l 

revealed that the Depreciation Branch of the ICC periodically 

studies individual Class I railroads to determine the economic 

life of railroad signal equipment; These unpublished studies 

are not formally documented. However, their results indicate 

that the average ICC signal equipment depreciation period in 

1977 for the 20 largest, by operating revenues, Class I rail­

ro~ds was 30 years.2 In addition, the State of California 

Public Utilities Com~ission in its study of the effectiveness of 

automatic protection of rail-highway crossings, assumed a 

IHostetepler, E., Depreciation Branch, Interstate Commerce 
Commission, Washington, D.C. 

2Ibid. 
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3D-year economic life for motorist warning devices. l This 

figure applies to both motorist warning devices and train 

detection systems. 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. 

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 Freguency and Severity 
at Public Grade Crossings in California, San Francisco, 
California, June 30, 1974, p. 130. 

17 



3.2.1 Installa tioncost component"s 

The installation cost element· of .the t:otal.life cycle costs 

for motorist warning deviges~re composed of five cost compo­

nents wh"ich sUbstantiallycontr ibuted .to the total one-time cost 

of installation. These components "a~e descr ibed below. 

1. Preliminary engineering - labor a.ndov.erhead. 

2. Signal labor - si~nal, ~ra9k, pommunications, signal 

repair (assembly) labo.r costs, and the associated 

labor overhead. 

3. Material - the total 90stof all material utilized to 

install motorist warning d~vices and train detection 

systems. This incluqes track materi.als.uch as pal­

last, as weI). as signal equipment. Material handling 

costs, such as states?11e$ q.nq use t·axes, storage 

costs, and f~~ight ~nd tr~nsportation costs are also 

included. 

4. Equipment leas,e a,nd reD-tal -th~ ,cost to rent or lease 

heavy equipment SUCJl ,as pack hoes, tractors, or rail­

road cars nec~§sary tp transpor·t or install signal 

equipment. 

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 and 

comprised only 0.001 percent to 5 percent of the total 

initial costs. Personal expenses depended on the 

location of the crossing in relation to the crew's 

horne 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. How­

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) 

MOTORIST WARNING 
DEVICE 

Flashing lights 
(60) 

Cantilevered 
flashing lights 
(40) 

Flashing lights 
with gates (97) 

Cantilevered 
flashing lights 
with gates (40) 

Flashing lights 
upgraded to 
flashing lights 
with gates (40) 

Flashing lights 
upgraded to 
cantilevered 
flashing lights 
with gates (21) 

PRE 
ENGI-

TOTAL NEERING LABOR MATERIAL 
COST COST COST COST 

26.0 1.4 7.2 13.8 

29.4 1.2 7.9 17.7 

39.2 1.2 9.7 25.0 

44.6 1.4 10.3 29.4 

33.5 0.7 8.6 21.4 

42.7 1.1 9.9 27.6 

(n) = sample size 

20 

EQUIP­
MENT 
COST 

0.8 

1.1 

1.2 

1.5 

1.4 

1.9 

MIS­
CELLA­
NEOUS 
COSTS 

2.8 

1.5 

2.1 

2.0 

1.4 

2.2 



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 costs, 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. 

21 



, :',l 

TABLE 3-3. '~OST COMPONENTS AS A PERCENTAGE OF TOTAL MOTORIST 
'::WARNING DEV'ICE INSTA·LLATION COSTS. 

. LABOR MATERIAL· EQUIPMENT 
., (PERCENT) .«PERCENT): - (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)/· 

Total cost 

Signal labor 

Material 

Equipment 

FLASHING LIGHTS 
WITHOUT GATES 

3.4 

0.7' 

2.4' 

0.3 

22 

FLASHING LIGHTS 
WITH GATES 

5.4 

0.6 

4.4 

0.4 



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-engineering 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) 

Flashing lights 

Cantilevered flashing 
lights 

Flashing lights with 
gates 

Cantilevered flashing 
lights with gates 

Flashing lights 
upgraded to gates 

Flashing lights 
upgraded to canti­
levered flashing 
lights with gates 

23 

CONFIDENCE 
INTERVAL 

25.3 - 26.7 

27.5 - 31.3 

36.8 - 41.6 

40.4 - 48.8 

30.3 - 36.7 

38.7 - 46.7 

MEAN 
COST 

26.0 

29.4 

39.2 

44.6 

33.5 

42.7 



3.2.3 Factors Influencing Installation 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, ~lternating/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 approximately 34,500. This assumed a sample of 

15 observations for each permutation. This is demonstrated in 

Figure 3-1. As shown in this tree diagram, there is a very 

large number of possible combinations for anyone 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 operating 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 qy 
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 controlled, 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 

circuitry existing at the crossing, the Seaboard Coast 

Line Railroad provided a 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) 

LOCATION 

Urban 

Rural 

LOCATION 

Urban 

Rural 

MOTORIST WARNING DEVICE 

CANTILEVERED 
CANTILEVERED FLASHING FLASHING 

FLASHING FLASHING LIGHTS LIGHTS 
LIGHTS LIGHTS WITH GATES WITH GATES 

28.1 (14) 29.3 (12 ) 38.0 (26) 42.6 (22) 

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 
LIGHTS LIGHTS WITH GATES WITH GATES 

26.3-29.9 25.3-33.1 29.3-46.7 42.5-45.5 

24.0-28.9 25.5-32.1 35.5-42.3 40.6-52.3 
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Urba,n 

Rural 

'rABLE ·3 -9. AVERAGE,:I~ST~L.LA.TION . C.OSTS,FOR ,MOTORIST WARNING 
DEVICE BY. LOCATION ,SINGLE 'TRACK (IN $K) 

MOTQRISr WARNING DEVICE 

CANTILEVERED 
c:ANTILEVERED :FLASHING FLASHING 

FLASHING FLASHJNG LIGHTS LIGHTS 
LIGHTS ;LI.GHTS WITH GATES WITH GATES 

- 1 Track 26.7 28 .• 3 33.1 41. 6 

- 1 Track 23.6 28.:8 32,.0 40.5 

TABLE 3-10. 95 PERCENT CONFlbENCE INTERVALS FOR MOTORIST WARNING 
DEVICE INSTALLATION £OSTS BY LOCATION, SINGLE 

Urban 1 Track 
'; 

Rural - 1 Track 

TRACK (IN $K) . 

FLASHING 
LIGHTS 

24.9-28.4 

?1.4-25.9 

,MOJ'.oE.IST 'WARNING DEVICE 

CANTILEVERED 
FLASHING 

LIGHTS 

23.6.,.33.0 

26.3-34.5 

28 

FLASHING 
LIGHTS 

WITH GATES 

28.9-37.3 

30.6-33.0 

CANTILEVERED 
FLASHING 

LIGHTS 
WITH GATES 

32.2-49.0 

35.6-45.3 



'. 

TABLE 3-11. AVERAGE INSTALLATION COSTS BY NUMBER OF TRACKS 
(IN $K) 

NO. OF 
TRACKS 

1 

2 

3 

TRACKS 

1 

2 

3 

MOTORIST WARNING DEVICE 

CANTILEVERED 
CANTILEVERED FLASHING FLASHING 

FLASHING FLASHING LIGHTS LIGHTS 
LIGHTS LIGHTS WITH GATES WITH GATES 

PERCENT PERCENT PERCENT PERCENT 
$ INCREASE $ INCREASE $ INCREASE $ INCREASE 

24.3 27.2 32.1 41.1 

26.5 9 31. 6 16 44.1 37 48.1 17 

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 
LIGHTS LIGHTS WITH GATES WITH GATES 

22.2-26.8 24.4-31.1 30.9-33.6 36.9-45.1 

23.7-33.8 25.7-37.0 42.4-46.6 41.6-54.5 

Sample size not large enough for meaningful calculations 
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Track wOTk - There are two types of track work which 

may occur during a signal installation. The first 

type, crossing surface work, involves the repair or 

r~placement 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 percent 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 ~evice 

type should be compared to determine the hierarchy of 

train detection system costs, because the number of 

trac~s 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 c·ases, 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) 

Train 
Detec­
tion 
System 

Tracks 

Grade 
Crossing 
Predictors 
(GCP) 

Audio 
Frequency 
Overlay 
(AFO) 

Alternat­
ing/Direct 
Current 
(AC-DC) 

Motion 
Sensors 
(MS) 

Direct 
Current 
(DC) 

FLASHING 
LIGHTS 

1 

25.9 

22.6 

22.3 

MOTORIST WARNING DEVICE 

CANTILEVERED 
FLASHING 

LIGHTS 

1 

33.3 

26.9 

28.5 

FLASHING 
LIGHTS 

WITH GATES 

2 

54.3 

46.2 

43.6 

39.0 

CANTILEVERED 
FLASHING 

LIGHTS 
WITH GATES 

2 

45.9 

44.2 

44.2 

39.2 

Sample size not large enough for meaningful 
calculations. 
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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 age 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 updated to 1977 dollars to provide 

a consistent basis for analysis.. The resulting average annual 

and 30-year life cycle mainte.nance 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. In 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 

90StS are shown in Table 3-15. Maintenance costs as a per­

centage of installation costs increased with the compl~xity 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 

MOTORIST WARNING 
DEVICE 

Flashing lights 

Cantilevered flashing 
lights 

Flashing lights with 
gates 

cantilevered flashing 
lights with gates 

PERCENT OF 
INSTALLATION COSTS 

54 

59 

59 

61 

PERCENT OF 
TOTAL LIFE 
CYCLE COST 

35 

37 

37 

40 

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 appeare~ 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 2.3.1, 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 most 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 6f the service life of the 

crossing surface. Table 3-16 shows the cost per track foot of 

the rubberized crossing ~urfaces 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 crosBing will vary by the number of 

tracks, number of highway lanes, and 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 rubb~rized 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 this 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. Th~ 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 dat~ 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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t. 

1) 

2) 

3) 

4 ) 

5) 

TABLE 3-16. MATERIAL COST PER TRACK FOOT FOR RUBBERIZED 
CROSSING SURFACES 

COST PER SERVICE 
SOURCE: TRACK FOOT LIFE TYPE OF MATERIAL 

Final billings (15 ) $220 mixed 

Goodyear Tire Co. $227 30 yr. rubber pads with 
steel inserts sold 
in 3 I pads 

Park Rubber Co. $220 30 yr. rubber pads with 
steel cables used 
instead of spikes 
to secure pads 

Fel-Pro, Inc. $225 30 yr. epoxy and rubber 
aggregate mixture 
molded to tracks 

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 COSTS COST PER TRACK FOOT 

Total costs $389 

Labor costs $70 - 85 

Material costs $220 - 227 

Maintenance costs l $5 

lTexas 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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APPENDIX A 

SAMPLE LETTERS TO STATES AND RAILROADS 
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TRANSPORTATION SYSTEMS OfVlSION 

July 26, 1978 

Mr. ~. B. Hutcheson 
Assistant Vice President of Engineering 
Seaboard Coast Line Railroad 
500 vJater 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 \-lhere active equipment 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 
gates, 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 Frequency 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 Seanoard 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.· 

6e9 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 
very important. 
site information 
Bob Stout of the 
1978 (attached), 
road industry. 

is of short 'du~ation and these data needs 
We hope that you can provide the requi­
before August 14, 1978. As stated by 
AA..'tl. in his letter to you dated June 1, 
this study will be helpful to the rail-

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

Jl!:mr 
attachment 
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c:J~ Morrissey 



ASSOC/A TlON OF 

§J!JJIJg[f]JJ@!JJfR!j [fJfJ:j[]!l,fXl@!JJ@0 
OPERATIONS AND MAINTENANCE DEPARTMENT. STATE·RAIL PROGRAMS DIVISION 
AMERICAN RAILROADS BUILDING . WASHINGTON, D.C. 2003e 

J. E. MARTIN 
Vice·Presiderrt 

c. L AMOS 
Executive Director . 

Operations and Maintenance Department 

/ 

June 1, 1978 
R. 8. STOUT 

Maneger·Rail Highwey Progrema 

The Transportation Systems Center of the U. S. Department 
of Transportation has awarded a contract to Input Output Com­
puter Services, Inc. CIOeS), 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. 

laCS 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 ir.dustry J 

I would appreciate any assistance which you can render to 
this team. 

,;g;;~b 
~Robert B. Stout 

S:y 

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

June 28, 1978 

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 
of the five FRA regions. 
due to its extensive work 
thorough oversight of the 

from at least one state in each 
We have selected California 
with the railroads and its 
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 
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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 
quite important". ~ve hope that you can provide the requi­
site data before July 24, 1978. We will gladly pay 
phot.ocopying expenses. 

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

Sincerely, 

\\~ J;ht~~ 
) Joseph Morrissey 

JM:hw 
cc: Curtis Priest, IOCS 
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STATE CF ARKA~SAS 
STATE ~I(H~~Y DEPT. 
P.r.. BOX L261 
LITTLE RCCK ARKAN~AS 

BIll A UD 1 T r~ 0 -
MONTHS ACCOUNT­
ACCTG DEPl NO­
DATE MAf)E 
Sh- G090451B 

J~STALLING CRC5SIN~ WA~NING ~YSTE~S AT STATE HIGH~AY 
lAl XI~G ~( rc~ 287.7? A1 lTTTLF ROCK BR~NCH ARKANSAS 
r.M(1-~0451 

FI1'I.AI RILL PER STATEMENT AJ1AChELJ 
DAlE FIRST WCRK PFR~nRMFf) JUL-l~77 

OATF LAST peRK PERFIIR"'Ir::C FER-IC;7H 

24274.07 

THE RfCCRCS SLJPPORTrNG Tt-;f CHARGES IN THIS dILL ARE LOCATED IN THE 
GFFTCE CF ~ANAGER n~ nISBURSFMF~TS ACCOUNTING.SAN FkANCISCO. CAlIFORN1A 

l-I~Sl~LL SIGNdLS 
?-PRF.lIMIN~RY ~Nr.~ 

3-ACCIG. f. PRF? 

1 eTA l Rr l L 

SU~MARY 

49 

23455.96 
681.51 
136.'513 

24274.07 



STATE OF ARKA~S~~ 

SlATE ~lG~~AY o~pr. 
P.C.BOX :!261 
lITTLE RCCK ARKAN~AS 

P A (, E 

B ILL A UO I T N C -
,"10NTHS ACCOUNT­
ACCTG DEPT NG­
DATE MADE 
SA- G0904518 

1 

---;------------------------------------~---------------------------------------

l-II'\STAL L SIGNAlS 

I ArrR 
17 77 SYS.SJeI\Al SHn,J 7.00 HRS AT <;.5098 
1 ? 77 SVS.SIGNAl S H(jiJ 4.00 HRS AT 7.1700 
'2 77 SYS.5IGNAl Srlf}1l b4.0u HRS 4T 7.6600 

1 711 SIGNAL GANG #7f-. 4A.OO HRS AT 9.5094 
1 78. SJG/\Al GAI\(; #2h Sf-.OO HR~ AT 7.6600 
1 7P S J GN At GANG #.7"" 4A.OO HRS AT 6.5800 
1 7R SIGI\Al GA~r; tt2;., itA.OO HRS AT 6.4900 
7 7A SIGr-.;Al GANG Ii.?f-. 64.00 HRS AT10.4604 
? 18 SIGI\Al GA/I,G tOn C;f..OO HRS AT 1.6600 
? 7F. SIGi\Al GANG #.?~ 64.00 HRS AT 6.5800 
? 7P SIG/I;t.l GAI\G Il?;., 24.l)Q HRS AT 6.4900 

Pl.lJS- 7.25(;; \lACATnN All nN 4341.21 
3.5CC~ PC Hnll OA Y Otl: 4341.21 

23.1C(~ RR(;UI I AX E~ CN 4E07.8C; 
5.CCC~ HFALTH fa ... l:lFARF GN 4341.21 
3.CCC~ (C~P I \I S ON 4t55.<;5 
1.CCC~ PLl:P!) INS ON 4655.<;5 

0.125/~R E)C TA:'l nN 55d.CGO HRS 

f.'AlFRJAl 
l.CO 7(781 elChER F~N 

ul\rr P~Ir.F rs 
TO T Al w~ I (;H TIS 

2 FRC,"1 A 
11.4500 fA 

0.0 U3S 

50 

19.02 
31.06 

4~O.2 4 
456.45 
735.36 
315.84 
311.5~ 
669.4t, 
735.36 
421.12 
155.70 

4341.21 
314.74 
151.<;4 

1110.67 
211.06 
139.6h 
46.56 
69.75 

11.45 

63S1.56 



~lATE OF ARKA~SAS 

~TATE ~I(H"AY DEPT. 
P.D.BOX ~261 

I ITILE R(CI< ARKAI\j"AS 

1.Cr. JE20t TnER~OSTaT 2 FROM A 
U~IT PRI(F IS 13.6400 EA 
TCTAL ~~IGHT IS 0.0 LBS 

4f..CC SCRE~ eRASS RH iiloxl" 2 FRO~ A 
U~IT PRIf.F IS 0.060C EA 
TCTAL W~Ir,HT IS 0.0 LBS 

10.rr. scpo. eRASS RH #10X3/4" 2 FRCM A 
U~lT PRJf.F IS C.0400 fA 
TOT~L w~IGHT 15 0.0 LAS 

~l.()C seRE\-. ~AChINF 1/4"x2CX7/8." 2 FRO~. A 
UNIT PRIf.F IS C.OSOO fA 
TCTAL 'r/I=TGHT. IS 0.0 LBS 

140.r.r: FT ~If.;~ 116 BONllSTRAI\C 2 FROM A 
UNIT PKICF IS 0.5000 FJ 
TCTAL w~ Ir.HT IS J.O lBS 

300.rr. FT hIRE # 10 Allor. FLEX 1 FROM A 
UNIT Pk.I(F IS O.098D FT 
T C T ~ L 0'/ ~ I ,"; H TIS 0 • 0 L B S 

300.rc FT hIRE FLEX .414 A~G 1 FRO~ A 
UNIT PRICF IS 0.0510 FT 
T eTA L ..,1= J (; H TIS lJ • aLB S 

?34~.nr FT hIRE 1-(O~O #6 AhG 1 FRCM A 
UNIT P~ICF IS 0~1750 FT 
TCTAL W~lGHT IS 0.0 LBS 

1.r.O CAPACITCR -;900 MFD. 2 FROM A 
UNIT PRI(F IS 6.0000 EA 
TGTAL W~IGHT IS 0.0 LBS 

1.00 CLM!P CAPAC ITC]I.! #VR3 2 FROM A 
UNIT PRI[F IS C.2000 EA 
TCTAl irI~Ir,HT IS 0.0 U-IS 

?OO RESI~lCR ~C nH~ ~C hAlT 2 FROM A 
UI\IT PRICF IS ?6500 EA 
Tr.TAL w~lr,HT IS 0.0 LBS 

7.rc PADLCCK ASSY ~~9-6 2 FROM A 
U~IT PRI(F IS 4.7500 EA 
T eTA l \oj ~ I l"; H TIS 1 • 5 0 L B S 

l.oe TRA~SFGRMFn ~-~oo 1 FROM A 
U~[l PRI(F IS ?JA.1400 FA 
TCTAL wFyr,HT IS 0.0 LBS 

51 

P AGE 2 

BILL AULJIT t-.G -
M(jt~ THS ACC OUNT­
ACCTG DEPT NG­
DATE MADE 
SA- G0904518 

13.64 

2.76 

0.40 

1.55 

70.00 

29.40 

15.:)0 

410.37 

6.00 ! 

0.20 

5.30 

9.50 

238.14 



SlATE CF ARKA~SAS 

STATE ~I(HhAY O~~T. 

P.G.flCX ~261 

LITTLE ReCK ARKAN~AS 

--------------------------------------------------. . - . - -.' 

P A G f 3 

BIll AUDIT (\;0 -
MONlH~ ACC.oUNT­
ACCIG DEPT NO­
DATE MAGE ..,. 
SA- G0904518 

-'-:"-:-------------------------------------~---------:---~---~-. -,-----------------

1 • c: C RELAY DN-22A 40HM ?FP. 2 FRO'" A 
UNIT PRr(F IS g4.C80C EA 
ICTAL \oo~lr.HT IS 0.0 lBS 94.0b 

?r.e RELAY PI\-150~ .. /rJ.ASF. 1 FROM A 
UNIT PR' (F IS 249~ 7200 EA 
TCTAL w~ I (".HT IS 0.0 l BS 49g.44 

1.CO RELAY P ""-1 ~ OHD \ow/bASE 1 fROM A 
UN IT PRlr.F rs 2s7.11sos fA 
TCTAL ..,F HaH IS 0.0 l tiS 297.1.2 

1.r.C PEL A Y PN-150P .... /HASf 1 FRO'! A 
UN IT PRl(F IS 251.920C fA 
TCTAL w~ 1 (-;HT IS 0.0 LBS 251.9"2 

?oc RELA'I' PF-256 .,,/RA$F 1 FROM A 
Ufd T PRICF IS 3'56.9299-fA 
TCTAl \<,F 1 ';rH IS 0.0 lRS 713.86 

l.ro SP-19.2A SURGF PHOTfCTOR 2 FROM A 
UN IT PP,.I(F IS 36.7'500 fA 
TCTAL loot-: n;l-n r s C.O l RS 36.7,:> 

?co MUDEl SM xING C; A l' E h/24'F/GAR 1 'FRU" A 
UN IT PRI(F r S 2C31.6599 FA 
TCTAl WJ.: ll-;H T [5 0.0 l5S 4063.32 

?r.c A47SfJ. 5 FL ASH I I C; SIG 2 \-.AY 1 FROM A 
UI\ IT PRIr.F IS 731!,OOJC EA 
TCT Al w~ I r.HT IS 0.0 lBS 1462.00 

l.oe ?hAY .) r r.G AR~." h/4FA 12"l rGHT 1 FR.Cf'J A 
UN IT ?Rl(F IS 46b.00OO EA 
TCTAL v,;:' rr.HT 1 S 0.0 L BS 468.00 

?nn ALUt-I/lUM C( x I \j G dEll 5"f>AST 1 FRCt-l A 
UNIT PRI CF J S 144.0000 EA 
TOTAL wF- T r.1i T fS 0.0 LBS 268.00 

?rc r~STRU'<\ENT CA 51=- 18-1/2" 1 FRO/oj A 
U/\ IT PRr(F IS 11.500C EA 
TCTAL w~Ir.HT IS u.o l bS 67.00 

1.r,0 lB f'-.C-OXICr: GR~ASF 2 F R [1;'~ A 
UNIT PHI (F IS a.cooe lfl 
leT H Wi=- J GH T IS 0.0 l RS 6.00 

0_ Cia (:J 1. pvc SCL\F;\JT (H~F~T 2 FRO' .4 
UI\ JT PRICF IS 5.5000 OT 
TCT~L h~I(-;HT IS :J.O l5S 2.75 

52 

t 



S1A1E CF ARKA~SAS 
STATE rICHIo.~Y OFP{. 
P.[.BfJX ~2tl 

l T1TLE RCCK ARKAN,AS 

AoOCO BCNC )lIRE suppn R T 
U/\ IT PRIr.F 

(LAMP 2 FRCM 
IS 0.7200 EA 

TCTAl wF I r.H T IS 0.0 l BS 
7 .. 0.0 LB JUlE RCPE PACKING 2 FROM 

UNIT PkTf.F IS O.~800 LB 
Te T AL w~ I GHl IS 0.0 lBS 

7.rr. GAT E FCLI\CATIO\l C;ALV 1 FROM 
UI'I;TT PRIr.F IS 146.0000 EA 
TeTlll WF 1 (;HT IS 0.0 lBS 

')oOro CCNOLIT CCUPUNG 11/4" 2 FRO~ 
Uf\:IT PRJ CF IS C.?40C EA 
TeT AL ... F 1 r.H T IS JoOO L BS 

40oOCO FT.CCtlDliIT ll/4. II r.Al V 2 FRC~ 
UI\TT PRJ C F IS 0.302 a FT 
TOTAL wF I r.HT IS J.O lBS 

q.r:c F 0-24 C tATTERI~S'3r.EllTRAY) 1 FROM 
UNIT P;Ur.F IS &5.4900 EA 
rCT AL ... 1=' Ir.HT 1~ 0.0 LBS 

':\.oc INSl.f;AIl JO r N 1 S 81) LES 1 FR(1/11 
UN IT PRJ CF IS 14C;.OOCO EA 
TCTAl W .... Ir,HT IS 0.0 l6S 

lOFlOoOr.C FToO'¥.II<E l-c.O:-.Jn ~10 sellr. 1 FROt-' 
UN I1 Pf'd CF 1 S U.OS,8C FT 
T[]TAL wF- I r.H T r S 0.0 LP-S 

l.r.C "'CTI(~ SFNSOK .hA31)0-1~t-7.C 1 FR(;M 
Ui\IT PRICF IS 1 scnoO 0000 EA 
TCTAL WFJr.HT IS 0.0 LBS 

IRO.r.C FT.CU'DUIT 3"PIlr. 2 FROf.4 
UN IT PRICF IS 1.7900 FT 
TCTAL ~;F rr.HT IS c.a L BS 

f:.r.c L=LBC'n 9C ':lll 2 FRC/J. 
UNIT PRIr.F J S IJo<=iOOO EA 
TCTAL WF I r.H T IS 0.0 LBS 

70.CO rCLJPLING "] II 2 FROM 
U~IT PRICF IS 1.56UC EA 
TCTAL .... 1= J(~HT IS J.O L 6S 

A 

A 

A 

A 

A 

A 

.4 

A 

A 

A 

A 

A 

1 • r. 0 POL E S CRFO PIN;" SIG 4C Fl 2 FR Dr-: ~ 

Uf\ IT Pf\.JCF IS 7'-1.0000 Ell 
TOT AL wl= I GHT IS J.O L BS 
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P AGE 4 

BILL AUDIT NC -
MON1HS ACCUUNT­
A('CTG DEPT NC­
OA T E "',ADE 
SA- G0904518 

1.76 

O.7h 

2 ~2oO 00 

1.20 

12.08 

7bc;..41 

447.00 

105.64 

19<7Z.0() 

322.20 

81.00 

,j1.20 

79.00 



STATE OF ARKA~SAS 
STATE I-ICH~AY o;::pr. 
P.D.BOX 2261 
I. IT T L E R ( C K ~ R K A i\j 0;. AS 

l.ce Rl TAFE P.lK FRICTION 
U/d T PRICF IS 
TOTAL \<t~ I (';HT 

4.rc RU13EER BCCTL~(~ 

UNIT PRrCF IS 
TCTAL wI=- I GHT 

3/4/1 

IS 

IS 
c;.Ge STRAI\C PJI\ RAcn #.6?4-6 

UN IT PIH CF IS 
TCTAL w~ I (;H T IS 

R.r.C CLAt-'P RACO I ~~ SI 
Ui\ t1' ?IUCF IS 
TCTAL .,.F- I {;H T IS 

400. rc B(NeS CACwELD 
Ui\IT PRICF IS 
TCTAL wI=- I r.H T IS 

?()O RCD GRD ~ / E I )ni ' 
UNIT PRICF IS 
TrTAL WI= I r.tH IS 

?ne CLt.tJP~ GRG WJRI- HUBBARD 
UidT PkTCF IS 
TCTAL \oiF- I r.H T IS 

17.ClO FT.PAI\[ll;IT DUU COVER 
UNIT PR/[F IS 
TGTt.L wI=- I r.H T IS 

2 FRCt-' 
O.7caORl 

u.o U:~S 
2 FROM 

C.';QOO fA 
0.0 LBS 

2 FRO'" 
(.";800 ·EA 

0.0 L BS 
2FR(W 

C.26GC .EA 
0.0 l8S 

2 FR(J"~ 

O.A900 EA 
0.0 LBS 

2 FRO~ 
7.26CCEA 

16. GO LRS 
2 'FRel-: 

0.7~00 fA 
0.170 LBS 

? FROf-\ 
0.4100 FT 

0.0 l HS 
h.'iC FT.U/\;lSTKUT CHa.NNEL UP-nOOO 2 FR(jM 

UN IT Pkl CF IS 0.';000 , FT 
lCTtlL w~ I(;HT IS o. o· lBS 

If..r.C U~; ISH L 1 r--LT ~I S P R I ~. r, 2 F RC~~ 
UI\IT DiU CF IS 0.1500 EA 
T C T Al ~I=IGHT 15 a .ll LBS 

lA.OC ;)14-1t \<;IRE R Fr. F PTA elF S 2 FRCM 
U~: IT PRTCF -IS C.Roce fA 
TCTAL \o,f-Ir.HT IS D.O LBS 

~6.CC t: 1 u-12 IdRF RFr.FPTACLES 2 FR(JM 
UI\IT Pkl(F IS O.ROOO E;A 
TCTAl WI=- I C;H T IS 0.0 l BS 

f,.OG #4 SCLDER LliG 2 FROM 
UI\IT PRICr: IS 0.]600 EA 
TCTAL ~F I GHT IS 0.0 LEIS 
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A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

P AGE 

B ILL A un I r NO 
MONTHS ACCOUNT­
ACCTG Of:PT NC­
DA T F. I-!ADE 
SA- G090451B 

:0.70 

·2.6'c 

5.22 

2.08 

356.00 

14.,2 

1.50 

6.97 

4.25 

2.40 

14.40 

28.80 

0.'.;6 

5 

<. 

, 
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-

STAlE CF ARKA~SAS 
SlATE t-l(HhAV DEPI. 
p.n.BOx ;261 
I I 11 L E R C C I< ARK M~' AS 

3A.CC 6 28-H 1\ 1 ERM 11\1 SL 
Ut\ IT PRICF 

U 14-1 f A ... G 2 FRCM A 
IS D.OAOO EA 

TCTAl Wf- I GH T IS 0.0 lBS 
3A.rc f>2R-liN IN SL TFR," #. 10-12 A..,(; 2 FRCM A 

UN IT PRrCF IS C.OBOO EA 
TOTAL ... ~ TGHT IS 0.0 LBS 

4.rc f. 2 .:3-1 lEST T F:R'" ~14-1t:flwG 2 FROI' A 
UN IT PRTCF IS O.500C EA 
TeT Al w~ I GH T IS 0.07 lBS 

1U.rc f 28-2 TEST TER~ ~IO-I2 A\..G 2 FROM A 
UI\ IT PRICt-: I S c. 540 a EA 
TCTtL wr-: I GHT JS 0.54 lRS 

1.r.C 320-Etl API Sj.JL\ n T FRI-1 lillt-16 2 FROM A 
UI'. IT PRI U': I S C.llUG EA 
TCTAL .... F I t-;HT [S 0.0 L BS 

2.r.C A2E-ZC FLAG TEi. M #14-lt AI.G 2 FROM A 
UNIT PK'CF IS o.o')()O EA 
TCTAl ~~ I (;HT IS 0.0 LBS 

10.CO 321:C;E R 11\ G- T (l~ G TFRf'I 6 A~ ... c; 2 FRCM A 
UNIT PIU CF I S C.1500 F.A 
TOT ~l ... 1- I i;HT IS 0.0 L BS 

"i.GO CCt'iI\ECTGR # 8 jg- '5 12" LO N(; 2 FRO/-\ A 
U~IT PR'CF IS C.7900 EA 
TeT Al wl= I (~HT IS 0.0 l BS 

'1.(10 12-PC~T T E R'~ ST RIP # 3QO-ll '/ FRO.'-1 A 
UNIT PR'CF I S 4.750a EA 
1 CT AL WF I GH T IS 0.0 LBS 

1?(0 ?-PCST TER~ #61]-5X 2 FROM A 
ur-.IT PR I C F IS 1.1BOO EA 
TCTAL ~~lr.HT IS 0.0 lHS 

7R.r.C FLEXIlE PLASTIr. ,-1ARt<.1 NG lURES ? FRGr-' A 
UNIT PR I r. F I S C.07CO Elo 
TCTAL wi= I (~Ii T 1 S 0.0 L BS 

RR.CC TAGS HACK F I p,F R 2 FRC,., A 
UI\ IT PRJeF IS 0.1040 FA 
TCTAL WF J(-;H T , S 0.0 LBS 

7.CC tlL,C8 II'I S L I\UT 2 FROi'1 A 
UI\IT PFd C F IS O.7g00 F.A 
TrTAL WF I (;H T IS 0.0 L BS 

55 

P AGE 6 

BILL AUDIT NU -
MONTHS ACCOUNT­
ACCT~ OEPT NC­
DAlE: MADE 
SA- G0904518 

2.8A 

2.88 

2.0G 

16.20 

0.33 

0.1U 

1.50 

3.C) 5 

42.75 

14.10 

5.4f. 

9.15 

5.53 



~TATE CF ARKA~SAS 
SlATE I-IGH~OV DE;>I. 
p.r.BOX ~261 

lITTLE RCCK ARKANI\AS 

P AGE 1 

B III A uo 1 T NO -
MON THS ACC OUNT­
ACCTG DEPT NC­
DATE MADE 
SA- Gu~045I8 

---~---~------------------------------------------------------------------------

1.DC hHO-£ a CFF-SH NIPPLE 2 FRO'" A 
UN IT PRl CF IS 0.3800 EA 
TCTAL ~F r (;H T I S 0.0 LAS 0.38 

?r.o C(~CUIT LceK Nil T 112" 2 FROM A 
UtdT PRrCF IS ?0700 EA 
TCTAL WF I fonT IS u.o las 4.14 

) • no ~C;:C2-./;AS t3RF.AK~R AUX 2 FR[if'l A 
UN IT P~T (F IS 4.750C EA 
TeT AL ~~ I (;H T IS 0.0 LOS 4.75 

I.CO #CC ElFEAKF.R #l-=l0 3CA 2 FRO."1 A 
U1\IT PkJCF IS 1.AIOO EA 
TCTAL ~F I GHT IS 0.0 LBS I.Al 

1.r.C (C-11'.: GRe FAlJl T INTERLPTFR 2 FROM A 
UN[T PRJCF IS 28.5000 EA 
TOT At IoIIF [ GH T IS 0.0 lBS 213.50 

1.()C PK-4GTA GRr: A Ait I<IT 2 FRCM A 
Uti. IT PRICF IS O.Aoec EA 
TCTAl .. 1= I (;H T IS o .ll las 0.80 

~4.r.e LPC-le17S ARRF, Hlf< 2 FROM A 
U1\IT P!{ICF ] 5 H.7000 EA 
TCTAL \011= 1 (;HT IS 0.0 las 2g5.80 

Afl.r.O lPC-IC181 ARRE"lOR CLIP 2 FRat-: A 
UNIT PRJ(F 15 0.6000 EA 
ICTAL \.I~ I hHT IS 0.0 LBS 40.ClO 

1.r.C ELASTII'oICU; PROl Ef. TOR 2 FRCM A 
Ut..r T P'{l CF r s O.700e EA 
TCTAL \oj1-1r.HT IS 0.0 L BS 0.70 

l.ne 1 230-C 1 SURGF ~Rrn FeTUR 2 FROM A 
Utd T PR I C F r S 4?4400 EA 
TCTAL ~~IhHT rs 0.0 L ~S 42.44 

1. no nLTLEl fl r x 2"X 3" 2 FRGM A 
UN IT PRJ CF I S 0.7800 EA 
TCTAl W~ I GH T IS 0.0 LaS 0.78 

1.r.O 52'.:2 (lJPlEX RFr.EPTACLF 2 FROM A 
U"'IT Pf{ICF 15 1.4700 EA 
rCTlll h~ [(;HT IS 0.0 L BS 1.47 

1.CO S1532 RECEPTAf..1 F C[)'vEf< 2 FRU~ A 
U/\ IT PRTCF IS Co3300 EA 
TCTAl .... F rr.HT 15 0.0 l8S 0.33 
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~TATE CF ARK~~S~S 
qATE }- I(Hlotl't [JEPT. 

P.G.sOX ;:261 
I 11 T L F R ( C K ARK MJ <\ A S 

1.rr. ALUr-' FRII\l POCK F T 
U~lT PRJCF IS 
TCTAL wF IGI-11 

3.((; U.G.CtBLF FlI SF~ 
Ur\IT PRIr.F IS 
TeTAL hFTr.HT 

1.CO CAS E ~Ll:l~ 61-114" 
UNIT p,,1 (F IS 
TCTAL 'r/F J(~HT 

2 
3.7500 

IS 0.0 
2 

1').40CO 
J S 0.0 

2 
570.0000 

IS J.O 
l.ee ~tlG SLC-BLC 3A FlJSF FOR fAN 2 

UI\ IT PRICF I S 0.7AOO 
TCTAl '"~ J ~HT IS 0.0 

l .. r:e II\-LI"E FL5E Hill DER COMPo 2 
UI\IT PRI(.F IS 0.7000 
T(Tt)L \o.if.:IGHT (S 0.0 

l,).OC 1/4-2C TEE NuT, 2 
UNIl PR. r F J S a.OS20 
TCTAL I.jt-IGHT 1 S 0.0 

1. C G PT.PAECC 1>2 ACIO RFST.PAINT 2 
U 1\ IT PRI C F J S 1.5000 
TCTAL ",,1= Ir.HT IS 0.0 

l.ne RESIS10R 5C [)H'vI c; ~ATT 2 
UNIT PRlrF IS 2.6500 
TCT Al WF I r.H T IS 0.0 

17. C G F1.PAr-.CLIT IooIRf- ourT 2 
UNIT PRJ C F IS 1.~SOO 
ICTAL w~Ir.HT IS 0.0 

L..co RC L 1 S STtJ(I\LES'\ ST F EL 11/4"Xl 2 
UNIT PRJ CF 1 S C.3000 
TCTAL \oj': I hH r IS C.O 

If .• CC r.LTS STAltl.LESS STFFL 1/4" 2 
U/,-; IT PRI CF T S 0.06JC 
TC T AL wF((~Hl IS 0.0 

1~.(1( SIAl' \.ASrEPS SIAINLESS STFEL 2 
UI\IT PR.I CF ( S 0.1000 
TCTAL wF I '~HT IS 0.0 

1 • () e RUBBEF:\lAT :E-1I4"X12" 2 
ut\ IT PRICF J S 2.1000 
TCTAl \-I;: J ,;HT IS 0.0 

FROM 
EA 

L BS 
FROM 
EA 

li:~S 
FROM 
fA 

LBS 
FRO'" 
FA 

L BS 
f-RCT'A 
EA 

L BS 
FRCM 
EA 

U3S 
FROM 
EA 

LBS 
FRO~ 

Ell 
LBS 

FROI-1 
FT 

L BS 
FRO~ 

FA 
l BS 

FRO~ 

EA 
LBS 

FROM 
F:A 

L BS 
FR[lM 
EA 

L I3S 
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A 

A 

A 

A 

A 

A 

A. 

A 

A 

A 

!i. 

A 

A 

P AGE 8 

BILL AUlJIT NO -
MONTHS ACCfjUNT­
ACC TG DE P r NO­
DATE MADf: 
SA- (;0904518 

3.75 

4[,.20 

520.00 

O.2E 

0.70 

0.7b 

1.50 

2.65 

21.93 

1 .J 0 

0.9h 

l.30 

2.10 



STATE GF ARKA~SAS 

~lATE ~I(H~AY 8F.PT. 
P.lj.BOX ~2tl 

LITTLE RCCK ARKAN~AS 

. . 

PA G E <; 

BILL AUDI T NO -
MUNTHS ACCOU1\iT­
ACCrG DEPT N[j­
DATE MAUl:: 
SA- G0904518 

----------------------------------------------'-..... ------------------:---------

1.0e '3/4"C(PPER GRO STRAP 2FRGM A 
U~IT PRICF IS 2.0000 fA 
TCTAL ioi~IGHT IS 0.0 LBS 

s.en A~P TEST TER~.~lA-14 321~?4 2'FRO~ A 
UNIT PRI(F JS 0.0300 E~ 
TCTAL ~I-I"HT IS 0.0 lBS 

1.00 31-251 hTRE lLJkF 2 FRCM A 
'UNIT PRICF IS C.5000 GAL 
TCTAL wl-]GHT IS 0.0 lB~ 

? r. c 11/4 SO GAL V. FI R n f> S 2F ROM A 
U~IT PRICF IS 0.8200 E~ 
T r. TAL wl=] r. H f J SO. 0 l 8 S 

AD.re FT.kIRE #2 TH~ Sf RAN ALACK 2 FRC~ A 
U~IT PRI(F TS 0.0110 FT 
fCTAL wl= IGHT IS 0.0- lBS 

~6.oc FT.hIFE ~e TH~ STRAN WHJfF 2 FRG~ A 
UNIT PRf(F IS 0.011C FT 
TCTAl ~I-I~HT IS 0.0 lBS 

?rc CC 13C S'''C''CI~CLJIT BREflKFj~ 2 FROl'-1 A 
U~IT PRJ(F IS 2.5200 EA 
TCTALw~Tr.HT IS ~.O L6S 

l.()() P.-125 BUShiNG 11/4 RAH~ TT(;HT 2 FRC"" A 
U~IT PRI(F IS C.7~CC EA 
TnTAl Wf-I(;HT IS 0.0 u~S 

l.ne C[ l?C SC C Rnx FXiFRIO~ ? FRCM A 
u~rT PHI(F IS 1.3200 EA 
TCTAl wI=Ir.HT rs 0.0 LBS 

?cc AL 12~ AFFl 11/4 8UShl~r. 2 FROM A 
U~IT PRICF JS 0.1200 EA 
TCTAI. W":'Ir.HT lS G.O lBS 

~.r.o P.U 12~ APPl 11/4 RUSH[~r, 2 FROM A 
UNIT PRrr.F JS O.120C EA 
TCT/ll w~ IGHT IS 0.0 LBS 

6.CC 114 T~-2 2 HOl~ PIPFCLfI~Pll/4 2 FROM A 
UNIT PRI(F IS C.Q200 EA 
T C TAL \0;'1= rc; .. iT J SO. 0 l 8 S 

i . n 0 1 1/4 I' ): 6 " GAL V NIP P L F 
U~IT PRICF rs 
TeT AL I~I= Il~HT [S 

2 FRU-~ A 
0.')')00 EA 

0.0 LBS 

58 

2.00 

0.15 

0.1)0 

1.64 

0.66 

0.66 

5.04 

0.75 

1.32 

0.24 

D.7? 

5.52 

0.55 

. -,' 
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STATE OF ARK~~SA~ 
STATE r-1(H~AY DEPT. 
PeC.BGX ~261 
lITTLE ReCK ARKAN~AS 

P AGE 10 

BILL AUiJIT NO -
MONTHS ACCOUNT­
ACCTG DEPT NO­
DATE MADE 
SA- G0904518 

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

l.re ~EH ll~ ~EAVER ~P E~TRA~(F11/ 2 FROM A 
U~IT PRICE IS 6.7500 EA 
TCTAL ~FTGHT IS 0.0 lBS 

').00(1':1: HAt\CLIf--G f11\ 7388.82 
.~.rcc~ uSE TAX [;/1; 147S8.S4 
C.~CG~ PURCHASII--G F.l.PFNSE C~ 12410.12 
7.GCC~ FCRfIGN LJNF FREIC,HT m; 2388.81 
I).(lce'! C~.-llNE F R F I r~ H T rl\ 0.00 

FRFl(;r-1 wEIGHT 
lq 

MJ TON MILES 
FRr~ A-E.Sl.LCUIS 288 3 

TC~ ~I AT (.eIC/TM 3 

FCllJP"'Er--T f: EN T At 
1 7A 36621(: ~ TO:\4 "" /!"lOOM f. ALC,FR ~ 

f.. ao() OA AT <;C.4Jon OA 
1 711 42623!4 LT ILlTY TKlR 

6.oon OA AT 14. fl,) C 0 fJA 
? 7R 3U::21C: 5 TON .. / R(")OI~ E. Al.JGFR 

e.oon OA AT C;0.4000 DA 
? 7F 42623~4 UTILITY TRLR 

E .oon OA AT 14.8000 DA 

TOTLoL INSTALL SIGNALS 

... ?'=- P R F lIM I f-- t f: 'y EN r; R 

LAHfR 
I 77 ~.K.KtI'IYA 

7 77 A.R.R~ll-1 

4.00 HRS AT 7.9167 
R.OO hR5 AT 9.9108 

59 

6.75 

14198.94 
119.43 
443.St 

62.05 
1t-1.2l 

0.00 155'71.59 

542.40 

B8.hO 

723.20 

11 A. 40 

31.67 
7'7.2'7 

0.03 

1472.80 
! 

23455.98 



STATE CF ARKA~SAS 

STAlE ~IGHhAY DFPI. 
p.n.A(J;.\ L261 
LITTLE RCCK ARKAN~A~ 

P AGE 11 

BILL AUDIT NO -
MONTHS ACCUUIIjT­
ACCTG DEPT NC­
DATE MADE 
SA- G090451B 

-~~------------------------------------------------------------------------------

7 77 .A.KLE~ENS JR 3.00 HRS AT 8.3929 
7 77 M.R.FE<ANKF ?OO HRS AT 9.6429 

1 0 77 E.FERf\Af\CEZ 14.00 HRS AT 9.8215 
10 77 T.J.hI'IGfiT 1';.00 HRS AT 7.6191 
1 (') 77 r.l)t~LRA 1.0(0 DAYS AT 56.1400 

PIIJS- 7.2~C% VACATT1N ALL ON 4b3.36 
3.5CC~ pr HOLI DAY 0/\ 463.36 

23.1(C~ RRl:UI TAXES ON 513.17 
5.CCC~ I1E!lLTH l: hFLFARF eN 463.36 
3.CCct Ccr-p I \i S CfI; 4g6.<;5 
1.CCC~ PL€PI') J NS ON 4S6.S5 

0.125/~R E)C TAX ON 54.0CO HRS 

TOTAL PkElI~J~A~Y ENGR 

3-A[.rTC:. Eo PJ:EP. 

I A Ar R 
~ 7A ACCTG l: PREP 

60 

25.18 
19.29 

137.5C 
114.2g 
56.14 

---------
463.36 
33.54 
16.2? 

118.54 
23.1 7 
14.91 
4. c;7 
6.7~ 

92.76 

92.76 

681.51 

631.51 



STATE rF ~RKA~SAS 
STATE t-lCH\o.A'y DFP1. 
p.n.BnX ;261 
llTllE fHCK ARKANC;;AS 

... ----------------------------------------------

PLUS- 7.2~(~ VACATlll1\; ALL ON 92.76 
3.:CC'f PC HOLI OA Y ON 42.76 

23.1CC~ R R f:U I , A XES ON 102.74 
5.((0: HEALTH f. WFlFARF Ct\ 92.76 
3.CCC~ (CliP l~ S ON C;9.49 
1.CCC~ PL£PD INS ON '19.49 

O.12~/rR E):C TAX 01\1 12.000 HRS 

TOTill ACCTG. f, PRFP. 

rnlAL E ILL 

61/62 

P AGE 12 

BIll AUDIT NG -
MO~THS A('COUNT­
ACCTG DEPT NO­
DA T E MADE 
SA- G0904518 

6.73 
3.25 

23.73 
4.64 
2.90 
o.qq 
1.50 136.58 

136.5b 

24274.07 



/' 

, 
.' 



": 

APPENDIX C 

REGIONAL COST FINDINGS 
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MEAN INSTALLATION COSTS FOR ACTIVE MOTORIST WARNING DEVICES 
BY REGION 

(Numbers in thousands of dollars) 

',. COST 

" 

\""./ 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 

Flashin9 Li9hts 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 Li9hts 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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CONFIDENCE INTERVAL COMPUTATION 
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For the analysis of small samples when the population 

variance is 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 normally or 

near-normally distributed. 

Where 

The t-statistic may be written as: 

t = x - m 

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: 

Where 

1. Write an appropriate probability statement. 

1 - a = level of confidence required 

n - 1 = degrees of freedom 

69 



2. Isolate the parameter of interest. 

p( x - ~ t .. _< m _< ~ + ~ t 1 = 1 - a rn 0./2, n-1 rn o./2,n--l· 

3. Substitute in the inequality the observed value of the 

sample statistics, x and s. The (1 - a) 100 percent 

t~o-sided confidence interval 6h m is theh 

- s x 
rn 

t o./2,n-l to x + ~ t r- . a/2, n-l yn 

As an example~ refer to the data below. These data 

represent the total initial costs of 24 projects involving the 

installation of flashing light$ and gates with motion sen~or 

train detection devices. 

~ 

33,388 33,303 x = $32,26'6 

39,025 39,874 s - 1325.4 

32,532 22,573 n - 24 

30,048 3d~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 27,942 

Then, a ~5 pe~cent cOhfidenc~ inte~va1 on the mean Wo01d bei 

32,266 - 7325.4 t 
124 0.025;23 

70 



-~ 

From standard statistical tables, t o.
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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