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FOREWORD

Significant amounts of money are expended each year for safety’
improvements at rail-highway grade crossings. Considerable research
has also been conducted. In spite of these efforts, there is a clear
need for a more systematic and Well defined approach to the rall-'
highway grade crossing problem : ‘

The study contained herein is the first such systematic attempt
to provide the desired approach. We believe it to be a very valuable
effort, although not necessarily the only input which will be evaluated
and considered in attempting to define and implement a long-range
research program. Until such program has been approved by appropriate
levels, it must be recognized that the instant study is not necessarily the
official policy and program of the Federal Rallroad Admlnlstratmn

Appreciation is expressed to the many memebers of the railroad-
industry and state and local agencies who contributed their expertise
and their views to this study. The pI‘OJeCt was conducted for the FRA
by Alan M. Voorhees and Assoc1ates Inc. of McLean V1rg1n1a under
the direction of Mr, David W, Schoppert ’

: )% (/dvéf,fuf%wﬂw*—-—”’

R. N. Whltman Administrator
Federal Railroad Administration
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. CHAPTERI o
INTRODUCTION AND SUMMARY

This is the report of a program definition study which had as its

objectives:

"To develop a program of study related to policy formulation,
program administration ‘and research covering the next five

years (calendar 1970 and 1975); and -

To identify and describe projects which can be initiated with-
in the next six months for the action programs, research

and special studies.

The study included the identification of available information with
respect to the costs of accidents and motor vehicle operations, -aé
well as the preparation of estimates of the numbers of crossings in
classes related to the volume of train movements and the volume of
vehicle traffic, From theSe estimatesl the number of crossings at
which 1mprovements would y1e1d benefits in excess of costs was estl-
mated together with the reduction in acc1dents ‘which those improve-

ments could be expected to bring,

During the course of the study, deficiencies in available in.form‘afi‘on '
were observed in every facet of the problem, Some of these are
serious and require ‘imrhediate attenﬁon. Others are troublesome but’
not critical. The recornmended program lists prOJects to deal with
these in order of thelr urgency and to reduce errors in estimates by

prog'resswely refining the non-critical information base.
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With respect to warranted improvements, ‘it 1s estlmated that there
are 30,000 crossings where train and traffic Volumes justify immediate
improvements. These improvements would cost about $580 million

and would yield net benefits ‘of rOUghlf‘ﬂSGubillion Using techmques de-
veloped in an earlier study, it is estimated that the improvements Would
also reduce accidents to one-half the number which would be expected
if no improvements were made. . The estimates are based:on an "available"
sample of crossings which cannot be assumed to be strictly representa-
tive of all crossings in the country. It was expanded w1th care to agree
with known totals and those elements which could be were checked
against other estimates and were found to be in good agreement. It was,
therefore, concluded that the estimates developed in this report ere
sufficiently representative of the nation as a whole to be used forprel\imi_-

nary planning purposes.

While the estimates are prellmlnary they reflect a general order of
magnitude whlch suggests that a substantlally increased program is
needed to arrest and reverse the upward trend in grade crossing acci-
dents, and that such a program‘ would be justified, Although t_here has
been si.gnificant reduction in accidents in the past, it is cllear that witlﬁn
the past eight to ten years efforts have been sucoessful only in retarding
increases Ln acmdents and not in achieving a maJor reductlon A much
larger program together with greatly expanded and Well directed re-

search wxll be needed to achieve even modest reductions in acc1dents

One reason why so many 1mprovements have been found to be econormcally
justifiable may be the values asmg‘ned to acc1dent costs. The values

used in this study are in line- ‘with more recent estimates of accident
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costs, particularly the cost of fatal injuries. The costs used were
based on th»e potential earnings of the persons fatally injuried. The
values were taken from estimates widely recognized as valid, They
put grade crossing safety on an equal footing with other programs

aimed at prolonging life or improving productivity,

Another feature of the estimates was the use of a discount rate, following
guidelines of the Bureau of the Budget, which provides a basis for
putting the program on an equal footing with other investments which

the federal government might make.

The costs at a railroad crossing include not just those related to colli-
sions but to motor vehicle and train operation. No reliable information
on train operating costs were found but motor vehicle operating costs.
were available from the Bureau of Public Roads. The cost and benefit -
calculations do not include any allowance for reduction in train operating
costs. An early project in the recommended program would develop

such information.

As a result of the calculation of potential cbsts and benefits from dif-
ferent types of improvements it became clear that the vast majority of
crossings do not have sufficient volumes of trains and vehicles to war-
rant the installation of available devices such as automatic flashing

lights and gates. The benefits those devices bring in terms of reduced
accident costs at crossings with a low probability of vehicle-train col-
lisions do not make them an attractive investment at their present

initial and recurring costs. This finding helps to define a need for a
new device or devices which has low initial and recurring costs and which

can significantly reduce accidents at locations with relatively low hazard.



The recommended research and development program includes pro-
jects to develop appropriate devices and treatments for crossing in

these categories.

The general level of fact gathering and reporting on such'essential
things as the-number of crossings in existence, the accidents which
occur at them, and the scale and results of improvements leaves a
great deal to be desired. The process is plagued with inconsistent
‘definitionsl., divided responsibilities and exemptions from re'porting"re—"
quirements. The result is that an uninitiated person can draw incor-
rect conclusions from incompiete data published by, and appearing to
carry the concurrence and endorsement of, the federal government.
Accidéfits which do not result in fatalities or personal injuries or in
damages to railroad propérty amounting to more than $750 are not re-
pbrted. ‘Grade crossing accident costs sustained by railroads are in-
cluded with costs caused by other types of train accidents, More than
one raiiroad company may report inventory data pertaining to a single

crossing,

The recommended program includes projects designed to correct these
deficiencies and develop a comprehensive information system for ‘the
Federal Railroad and Highway Administrations. Some improvement
has been made in gathering.and coordinating information in the past two
years, largely as a result of the coordinated program of the Department" -

of Transportation.

Finally, there are serious issues of finance and support for a major -
public works program to improve operation and reduce hazards' at rail-

highway grade crossings. Most of the crossings in need of improvement



are on roads not eligible for federal aid. If even modest proportions
of the total cost were éssigned to the railr'oéd's, their ability to parti-
cipate in a sustained program may not be{_;‘adequate to the need, Sub-
stantial benefits may be possible from the closing of crossings as part
of an overall improvement program, but closings may be difficult or
impossible to obtain in many locations because of local pressures to
keep crossings open. Accordingly the recommended program includes
demonstrations of total improvement projects in cities to develop-
working relationships, measure costs and benefits and show how the

legal, financial and social problems can be solved,

In addition to the estimated number of crossings which now warrant improve-
ment there will continue to be a need for new grade separation and pro-.
tection in the years ahead. This need will come from the following

sources:

1. New crossings.
The expanding urban areas require new roads and streets to
serve new development. It is eétimated from Transport
Statistics that about 2700 new crossings were opened in the
five year period from 1962 to 1966. In addition to roads and
streets built simply to serve new develdpment, relocations of
old roads and wholly new ones produce a-need for rail-highway

crossings.

2. Growth in vehicular traffic.
The growth in vehicular traffic is expected to increase at a
rate between 4.0 and 5. 0 percent. While this increase will
be felt uniformly over the road anrd street system it will re-
sult in many erossings reaching the point where protective de-

vices are warranted. Precisely how many crossings will



reach the warranted condition is a matter for speculation.
However, improvement of the information system should =
provide better estimates of this number. Additionally, if

the cost of automatic devices could be reduced by 10 percent
 another large increment of the total would immediately be-
come eligible for improvement. Both improvemient of the’
information system and research to find devices which can
be installed and maintained at costs below present levels are -

recommended in this report.

Special conditions.
Examples of special cases which prodﬁc'e needs for new grade

separations and protective devices are:

- corridors where high speed train srervvice is insti-
tuted. sSome corrirdérs which would benefi.t from
high speed train service have already been identli-
fied, others will develop over the next several

decades.

- areas (pa'rticularl__y in or near the hearts of cities)

| whefe -rhéjor envir_;onm_ehtai improvements are
needed, Railroad trackagé.is often located in these
.aréas in such é wayvthat ac‘cess ris impaired, Even
when accidents ére not a serious part of the problem,
the cohflicts betwee-n. rail service on the one hand
and street access, land use and urban design on the
other can only be satisfactorily resolvedﬂby major
improvements designed as an integrated set of

systems.



CHAPTER I
BACKGROUND

GENERAL BACKGROUND

This chapter describes in general terms the. present status of'grac-ie
crossing inventories, improvemént programs andl other significant' con-
siderations., This study involved the preparation of evstiinatés of the
number of crossings in various categories in an attempt to better define
the numbers and kinds of improvements which could be undertaken in
the near future. The estimating techniques are also explained in this

chapter.

Research covering the probability of a vehicle-train collision has been
conducted and reported by many organizations and individuals. The
results are generally consistent with respect to the major factors

which influence the probability of a collision, They are also generally
consistent with respect to the relative effectiveness of grade crossing
protective devices. The studies, fo1 the r nst part, were concerned
with limited samples of crossings. They do not describe the total grade
crossing inventory nor do they identify specific groups of crossings

which should have some type of improvement.

The general situation is also reasonably well known, There are approxi-
mately 225, 000 grade crossings in the United States. Of these about

45, 000 have some special kind of protection, Accidents at crossings
result in 1500 to 1800 deaths, 3500 to 4000 injuries each year and

economic losses in excess of 300 million dollars.

Between these two extremes - the broad, general statistics and detailed
analyses of individual crossings - there is a void which has never been

dealt with explicitly,
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As a result, altefnative approaches to grade crossing improvements

on a programmed basis have not been evaluated. Until recently, no
effort has been made to establish on a national basis, the number of
crossings located on federal aid routes, on state routes and local roads.
Benefits other than safety are certain to accrue to road and rail users
from elimination, separation and improved signalization of grade
crossings. But the information has never been assembled in the past

in such a way that these benefits could be estimated.

RAIL-HIGHWAY GRADE CROSSING ESTIMATES FOR THE UNITED
STATES ' ' '

The number of rail-highway grade crossings in the United States is
available from several sources. The most widely recognized source is
the anpual summary published in Transport Statistics which is based
on reports by individual railroad companies. The report may be sub-
ject to some error due to double reporting and mis-interpretations of -
terms used. The most recent tabulation shows a total of 213, 723
crossings on Class I railroads as of December 31, 1967. In addition: it
is estimated that there are approximately 11, 250 créssings on Class II

railroads, bringing the total to 225, 000 for the nation,

A second source is a tabulation prepared by the Bureau of Public Roads.
It is based on invenfories and estimates prepared by State Highway De-

partments. This» tabulation is incdmpleté because some states have ‘n’Of
inventdriéd all roads and streets. h Hov(rever, it proVides reliable in-

formation for some states and for most of the federal aid systems.

The two sources were used to develop an estimate of the number of

crossings by different administrative systems. BPR figures were used



-9 -

where available and supplemented by the Transport Statistic table.

The resulting totals for each system are shown below.

ESTIMATED NUMBER OF GRADE CROSSINGS

Federal Aid Federal Aid Roads and Streets Not
Primary Systemm ~  Secondary System on Federal Aid System

On State : On Local
Highways - Roads and

Streets

14,420 14, 630 18, 060 177, 890

The total 225, 000 crossings include 43, 869 with active protection such
as gates and flashing light signals while 181, 131 have no special pro-
tective devices. The sample on which this study was based was expanded

to these control totals.

The expansion was done by dividing the total crossings by location,
urban or rural. The total road and street mileage in the United States

divides urban-rural as follows:

Miles Percent
Urban ' 521, 203 14,03
Rural 3,183,711 o 85, 97
TOTAL © 3,704,914 IOQ.OO

The total mileage in the States providing sample data divided urban-rural

only: .
Miles Percent

Urban 38,216 | 9.09
Rural ' 360, 210 ‘ 90, 91

TOTAL 396, 426 100. 00
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It was, therefore, assumed that these States were more rural in
character than the United States as a whole and a factor of 1. 53 was

applied to the urban crossings to adjust for this difference. .'

Next it was assuined that the inventories made By the States on their
federz{al aid systems included crossings with both Class I and II rail-
roads since the two afe hardly dis_ting‘uishéble to an-inventory é;?.gw,
the difference being more one of finance than operations. Therefore,
the Bureau of Public Roads data-were used fdrl federal aid routes.
Where no inventory or estimate was available, one was made using

factors from States in the same B. P.R. Region.

The final control then was on the number of crossings with automatic
gates, flashing light signals and other types of protection including
crossbuck signs. - The proportions of these were determined from ICC
statistics, It was assumed that Class II road crossings had the same .
distribution of protective devices as Class I. This gave the following

estimated totals against which to expand the sample.

Federal Aid Primary Highways

Automatic Gates 1720

Flashing Light Signals 4792
All Other Types-of Protection © - 7908
B 14420
Federal Aid Secondary Highways

Automatic Gates .39zt
Flashing Light Signals 5615
All Other Types of Protection 23148
o T - ‘ 32690

Non-Federal Aid Roads

Automatic Gates i 2248
Flashing Light Signals _ ‘ 25567

All Other Types of Protection 150075 .
' ‘ . 177880
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Appropriate. expansion factors were developed for each of these
categories and then applied to the sample. The expansion yielded

a total of 225, 040 crossings, only 40 more than the original estimate.
Other totals checked very We]l iﬁlrith the original estimates and no"
attempt was made to adjust for the very minor discrepancy of 40

crossings in the expanded total,

The Sample

The sample of 14, 956 crossings was drawn from inventories made by
five states.—l-‘,' The inve'nt—ories included detailed information about
each crossing including the number of tracks, train movements and
vehicle volumes, the type of protective devices and administrative
system. These data were converted to a common base and summarized
in various ways, The summary of greatest interest involved the clas-
sification of the road and rail elements according to function, This
classification was necessarily preliminary because the actual roaa and
rail routes were not identifiable, The exercise was usefﬁl in that it
demonstrates the distribution of crossings across different systems,

In the absence of detailed route information, the réil systeni claési-
fication was developed as described below,

]
i

Classification of Railroads

The information which was available did not permit a fuxlictionél'classi-'
fication of the rail system, Such a classification would require a quite .
detailed inventory of the entire system which in turn would. requiré ex-
tensive field data collection and assembly of information from several
sources. The approach which was used was simpler and was based on

the number of mainline tracks and the daily train volume, These two

—I-/Minnesota, Maryland, Oregon, Tennessee, Wyoming
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factors were readily available and together they express the general
use of the railroad at the crossing. Six volume classes were selected .

after inspection of the basic information, ' They were:

Volume Class | "Train Volume®
1 . ’ 0to 2
) ‘ R ) 3to5 |
6 to 10
11 to 20
21 to 40
over 40

S W DN

These were further divided into 18 grou‘.ps‘by using the number of main+
line tracks Three general categorles were established. (1) Those
with no main tracks generally devoted to switching movements (2)
those w1th one main track and no passmg track and (3) those with

two or more main and passmg tracks

By 1ook1ng at the total mventory in this breakdown, it is possible to-
estimate the number of crossings on very important rail lines and to
estimate the number whleh might have to be improved in one way or

another to achleve obJectlves Wlth respect to certam systems.

Protection Types

The crossings were classified into four basic protection types. The

four types selected were:

Crossbucks and Other Crossing Identification Signs. - This type

includes all crossings which had no special protective devices or

traffic control features.

‘«'=Average number of railroad movements. per day,
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Flashing Light Signals. - This type include crossings with either

flashing lights or wigwags,

Automatic Gates With Flashing Light Signals. - This type includes

those with manual gates.

Others. - This type included crossings with stop signs, flagmen and
various other devices which did not fit the three categories described
above, Approximately one-third of these crossings had stop signs.

The other two-thirds had a variety of devices. In the samples, the
expected accidents for this group were predicted using frequenc1es

for stop signs. Individual crossings might have higher or lower
accidents, but the results reflect a reasonable estimate of the accidents

expected at these erossings.

Classification of the Highway System

The highway element of each crossing was classified according to
functionﬁby a combination of traffic volume and administrative system.
While this, like the rail classification, is an imperfect method, it
can be used to gain insights into the number of crossings on roads of

different importance.

A more specific classification of highways and streets could be made
when the eropqsed funetionel classification of all roads and streets

is complete. In the meantime, the results ef this claesification serve
as an example of the tech.mque and can be used to estimate the number
of crossings on each adm1n1strat1ve system and m dlfferent volume |

classes.
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The combined classification of train and vehicle volumes was used

in the calculation of potential accidents for each protective type.

Administrative classes used were:
- federal aid primary

- federal aid secondary

- “non-federal aid

Motor vehicle volume classes were:
Volume Class | ‘Rabge of Volumes
1 | 0 to 500
S ‘ 501 to 1000
1001 to 5000
5001 to 10000

10001 to 20000
over 20000

[=p I LRV SO o6

Location

Crossings were further tabulated according to the type of area in which
they were located. Thus separate tabulations were made for urban

and rural areas.

RESULTS OF THE INVENTORY EXPANSION PROCESS

The invebfbrjf expahded to rlllatidhél'totals was then arrangéd into a
serieb of fablés' similar to the one éhoﬁn”in‘ Table 1. T'b‘at‘ table
shows the number of crossmgs m each cell of the table for urban
crossmgs Wl‘th 51g'ns only and dlfferent numbers of main tracks Thus‘

the numbers in each should be read



- 15 -

. TABLE.1

CROSSING IN URBAN AREAS
WITH CROSSBUCK SIGNS ONLY

HIGHWAY VOLUME CLASS.

TRAIN VOLUME CLASS

i 2 3 4 5 6
8640 2000 4410 1820 1160 70 —E
3860 820 1590 330 230 100§
150 40 40 _ 20 0 0
12650 2860 6040 2170 1390 170§
440 150 230 100 180 0
1230 280 460 70 0 50 ‘
160 20 50 0 0 0
1830 T450 740 170 180 50 ¢
690 50 380" 100 130 50 |
1150 150 370 80 40 0 |
_160 _20 _50 -3 0 _0 {
2000 220 800 180 170 50 |
1

90 70 200 70 50 0

740 160 500 40 100 50 5
260 0 40 0 0 0 %
1090 230 740 110 150 50

90 20 80 0 20 0o |

50 40 20 20 0 o f

70 20 20 0. 0 0

210 80 120 20 20 T

i

0 0 0 0 0 0

20 0 0 0 0 0
0 0 0 0 0 0

20 0 R 0 0 0 i
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000 - number of crossings with no main tracks
000 number with one main track

000 number with two or more

000 total crossings '

L

Similar tables were prepared for each protection type, for both urban
and rural areas. In the analysm of accident frequencies and net bene-
fits, the same format was used so ‘that any number of crossmgs could
be related to expected accidents, to potential benefits or to cost-
benéf_it ratios and so on. The tables, therefore, provide a readyf way
to analyze different program ’levelsr‘and their possible costs and con-

sequences,

Table 2 is a summary of the expanded totals by administrative system .

and protection type. Other tabulations are shown in the Appendlx

FEDERAL AID FOR IMPROVEMENTS

Grade crossing improvement projects on federal aid routes are élig'ible
for federal funding either from regular matching funds or as special 'G"
projects.

[P

Grade Crossing ""G'" Proj ects

Special projecfs are financed by the States from their regular Federal'-
aid apportlonments by using the permlsswe prov151ons of Sectlon
120(d), Title 23, U.S. 'Code. The Federal share of the cost of work
financed under these provisions may amount to up to 100 percent of

~ the total cost except that not more than 50 percent of the cost of the
underlying right-of-way and property damages can be financed with
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TABLE 2

ESTIMATED NATIONAL TOTALS EXPANDED FROM
FIVE STATE SAMPLE BY ADMINISTRATIVE

SYSTEM AND PROTECTION TYPE
Protection Type

Signs Flashing
Only Lights
Urban
Federal Aid
Primary 2100 - 1570
Secondary 1290 2890
Non-Federal Aid 31520 20480
Sub-total (Urban) 34910 24940
Rural
Federal Aid
Primary - 1740 3220
Secondary 12030 2730
Non-Federal Aid 64720 5080
Sub-total (Rural) 78490 11030
Urban & Rural
Federal Aid
Primary 3840 4790
Secondary 13320 5620
Non-Federal Aid 86240 25560

TOTAL 113400

35970

Othér‘r s

Gates . Types Total
910 2720 7300.
940 3050 8170
1890 24650 78540
3740 30420 94010
810 1330 7100
2990 6770 . 24520
360 29250 99410
4160 37350 131030
1720 4050 14400
3930 9820 32690
2250 53900 177950
7900 67770 225040
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Federal-aid highway funds, Also, not more than 10 percent of the
total annual Federal-aid fi'ind apportiohment to a State' may be-used -

1/

in this manner.=

Regular Matching Funds

These finds and the work represented relate to the regular Federal-
aid highway funds apportioned to the States for the various highway
systems. Participation in the costs of projects financed with these

funds is at the normal matching ratio for that state, 2/

Under these provisions funds are available for improvements on the
Federal-aid system. Crossings involving roads and streets not el1g1b1e |
for Federal-aid represent about 80 percent of the total crossings in'the
country, Furthermore, a lower proportion of the crossings on:''local"

systems have automatic devices as can be seen by the following: '

' Percent of All Crossings Specially
Protected with Automatic Devices

Category Percent Within that System
Federal-~Aid Primary System ‘ _ 45
Federal- Ald Secondary System : : 29
Non Federally Alded Roads and Streets 18

To determine whether this in only the natural result of lower vehicle
volumes on non-federally aided roads and streets, tabulations were made
to show by percentages the highway classification of the warranted cross-

ings now protected by signs only. The results are shown below.

Ve /nghway Railway Grade Crossing Safety Program, U,S. Depart-

ment of Transportation, March 1969.
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Percentage of Crossings with Signs Only ,
Which Warrant Automatic Devices or Separations

_ Urban Rural Total
On Federal Aid Systems 10 5. 15

Not on Federal Aid Systems 61 24 . 85
' 71 29 . 100

Of the 30, 000 crossings which warrant improvements, only 470 or

less than two percent, warrant grade separations. Projects financed with
federal ABC funds over the past five years included 775 new structures
and 1486 protection improvements. A program which would include

only those projects which (based on average conditions at crossings)
would yield net benefits in excess of costs would call for a substantial
change in the locale of expenditures - that is from the federal aid system
to the local system - and a shift in the types of projects undertaken -
that is a larger proportion of flashing light signals and gates relative

to the number of separation structures. The present ratio is about two
devices to one separatioh. The proposed ratio would be about ten devices

to one separation structure.

CURRENT EXPENDITURES

It would be difficult to determine how much is spent each year on rail-
highway grade crossing projects. The amountoffederal aid funds, plus that
spent by others to meet matching provisions has been reportéd for the

five year period 1963 to 1967 by the Department of Transportation, The
total was $95‘5, 124, 095 of which $593, 423, 474 were spent on projects

on the Interstate Highway System.
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Expenditures on Federally-Aided Rail-Highway
Grade Crossmg Pro_]ects for the. Years 1963 1967

R o Lo Federal Funds Total Funds
Primary Funds ‘ $ 82,338,325 - $108,922, 650

Secondlary thds__h- ‘ 69, 350,372, . 89,330,438
Urban Funds : 102, 971, 931 163, 447, 532

Sub-total 254, 660, 628 361,700, 621
Interstate Funds 553,044,025 593 423,474
~ ToTAL | $807,704,653  $955, 124, 095

Source: 'Federal Aid Highway Railway, Grade Crossing Pro;ects
1963 1967, U.S. Department of Transportatlon

QUALIFICATION OF THE FINDINGS

The fmdmgs are based on the best avallable information. Hodx‘)vever”
‘the techmques whlch were used to select warranted proj ects and expand
the sample inventory to totals for the nation both have certain Weak-
nesses and probabilities of error which should be l;ept inn mind when

interpreting the findings.

Sample Expansion

The sample used in this study was not ''selected" in the sense that re- .
searchers prefer to use, It was, instead, an 'available'' sample and,.

it was therefore necessary to expand the sample by the use of as many
factors as could be determined to assure that the totals would be reason-

ably representative of all crossings in the country. Those elements
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which could be were checked against othér estimates and fou_ﬁd to be in
good agreement. It was, therefore, concluded that the .expanded totais
were sufficiently representative of the nation as a whole to be used for
preliminary planning purposes. Even so, the finer breakdowns of the
inventory, for example, the number of crossings with a certain type of
protection with certain train movements and vehicle volumes are subject
1o large errors. The estimates can and should be improved over the
next few years with a modest expenditure of funds and this will make

possible more accurate planning information.

Costs of Operation

The info‘rm_ationron costs of several elements of operation, device in-
stallation, accidents and construction was limited to national averages
or to similar situations. Accordingly the benefits and costs are sub-
ject to some inaccuracy énd costs at individual crossings might be
significantljr more or less tﬁan the averages used. With these limita-
tions the estimates of costs and benefits are usable only for scaling

national needs for planning purposes,

Estimating Costs and Benefits

In estimating costs and benefits for groups of crossings, average con-’
ditions were, of necessity, assumed for all crossings in the group.
Special conditions, such as impaired sight distance, at any individual
crossing could advance its need for improvement well above that of

the group. It was noted, for example, that both flashing lights and

automatic gates have been installed at crossings with very low train



and vehicle volumes. It is probable that these are crossings with
unique conditions which pose unusual hazards rather than that devices -

have been installed at inappropriate crossings.

Gates o - .

The fact that half-road gates do not ap;pear as ‘warrante'c‘i ffom this

- analysis should not be construed as ev1dence that they should not be )
used. There are a number of factors which rnake gates preferable to '
flashing light signals at a particular crossmg These factors have to |
do primarily with the fact that gates are a p051t1ve mdlcatlon wh1ch |
require a driver to remain stopped until it is safe for him to proceed
while flashing light signals although requiring the driver to fnake a -
full stop, leave the deterinination of when it is safe to proceed to éach
driver, There are many situations where a driver either cahnot

make such a deternﬁnétion or where a substantial portion of drivers
are likely to misjudge the hazard, One obvious situation'is restricted

sight distance along the track from the stopped position,

Other situations include heavy train activity in the vicinity of the cross-
ing or other distractions which could lead drivers to misjudge the hazard
or fail to see a train approaching the crossing. High train s-‘pe"edS“ are
another factor which, because of the limit of driver capabilities to

judge the rate of closure, would make a gate installation desirable.

Finally, multiple trackage can result in train-meeting situations com-
monly referred to as a ""scissors' 'in which a driver who has waited for
a train from one direction cannot see another train approaching from

the opposite direction. The driver can therefore conclude that the crossing
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is clear when the first train has passed, even though the second is
approaching, If he starts to cross at that time he may be struck by

the second train.

RESPONSIBILITY FOR CROSSING IMPROVEMENT S

The history of grade crossing improvefnenfs reveals a gradual shift in
the responsibili’cy for improvements from the railroads to the general
public., This shift has been noted in the paper '"The Division of Respon-
sibility for the Elimination and Protection of Highway-Railroad Grade
Crossings'' which is available through the Federal Railroad Administra-

tion. Some key points from the paper are:

® In the course of the history of thé‘ grade crossing safety
problem the changes in Federal and State> policies .have
clearly demonstrated public acceptance of the concept of
public responsibility for the elimination and protection

of grade crossings.

e The original concept that railroads have the primary or
sole responsibility, financial or otherwise, for the elimi-
nation or protection of grade crossi.ngs has gradually
changed, particularly in situations where Federal partici-
pation or Federal funds are involved., On the Federal-aid
highway system projects the railroads are required to pay
a maximum of up to 10 percent of the cost of constructing

grade separations and installing grade crossing protection.

e At the state level there also have been very significant

changes in the old concept of railroad responsibility. The
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present trend in many states is towards assuming a
substantial degree of pubhc respon31b111ty for the elimi-
nation and the'protection of grade crossi_ngs. Some
states have already taken action, legislative or otherwise,
to relieve the railroads of the maJor financial respon31b111ty
for such safety prOJects ' Ten states have establlshed '
grade crossmg protectlon funds to assist in the costs for

) grade crossing protectlon because they have recogmzed |
‘that the avallablllty of funds is the controllmg factor 1n
I‘determmlng the number of crossmgs wh1ch will be e11m1—
nated or protected Several states also are part1c1patmg in

the maintenance costs for grade crossmg protectmn

Notwithstanding the gradual change in policy the states could
reqiiire"the railroads to bear the entire responsibility for"
safety at grade crossings, as they did nmany years ago when

the problem arose.
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FORMS OF GRADE CROSSING SAFETY INSTALLATIONS
INITIAL, RECURRING AND USER COSTS

INTRODUCTION

Grade crossing safety installations come in many forms, broadly ‘
classified as protective devices or grade separations. The protectlve o
devices.‘rna‘y be active or passive, and a complete list of them would
fill this page. For the purposes of the present study, the focus was
on a few major categorles of grade crossmg safety installations:
crossbuck s:.gns flashing 11ght s1gnals ‘automatic gates, grade separa-

tlons stop SLg'ns and others,

Grade crossing safety installations have other impacts than simply
preventlon of accidents. Grade seb'arations for instance, eliminate
the motor vehlcle operating costs of slowmg down; possubly stopping,
and acceleratmg at a grade’ crossmg and simultaneously eliminate the’ -

delay to vehicle passengers

Cost Fact'or DeveIgpment

The maJorlty of cost factors mcluded here reflect averages that are ’
representatlve of the general magnitude of the true costs that may be
1nvolved As is generally the case where averagmg techmques are
utilized, much information is lost at both ends of the averaged spec-
trum. When necessary, we employed relatively gross factors that are
S'llb] ect to further valldatlon rather than purposely omitting their usage

until they may be refined and verified. Such gross factors reflect the’
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- diversity of the degree of sophistication' of ‘syste‘m cornpbnén’ts 'and
‘the variation in the physwal and env1ronmenta1 character1st1cs of the
site. The cost factors reﬂected herem ‘we: beheve prov1de area-
sonable point of departure from which to pursue interim project

objectives of the Federal Railroad Administration. A ST

: Protective Devices' ‘

The average lnstallatlon costs of both crossbucks and automat1c pro— b‘
tective dev1ces are reflected in Table 3. For thlS ana1y81s it is assumed
that advance warmng 51gn requlrements are essentlally the same for ‘ -
both The actwe dev1ce costs represent theresults of a 30 month survey
conducted by the Bureau of Pubhc Roads of approxunately 450 crossmgs

which was completed in 1968.

It will be noted that the total cost ot‘ .separate‘haatallation ofvﬂavslhing |
light signals followed by the addltlon of automatic gates is greater than
installation of gates w1th ﬂashmg hghts Informatlon obtamed frorn the
AAR. mdlcates that more recently ”l1ght” gate arms are bemg marketed 7
that are more easily adapted to existing ﬂashmg llght signal masts w1th-
out requiring replacement of masts and foundatlons This type of innova-
tion may 31gn1f1cant1y mﬂuence the cost d1fferent1a1 reﬂected in Table 3

. For the cost calculatlons, of this report, when ﬂashmg light signals' |

exist’, the cost of install;ing‘ automatic gates was assumed to be $19, 875.

Te

Recurri‘ng C§o§ts'
Shown 1n Table 4 are the annual recurrmg cost estlmates for actlve pro-

tection at grade crossmgs
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TABLE 3
INITIAL COSTS Oor PROTECTIVE DEVICES AT A CROSSING

A,  PASSIVE

Crossbuck Signs;/ ------ e $150 00
Stop Sig‘nsy (Additional Cost) - - == - = === 50,00
2/

B. ACTIVES , o
‘Flashmg nght S1g‘nals ----- - - - - - $10 675. 00
Automatlc Gates Added - - - - - - - f‘-‘- - - 19 875.'00
- Subtotal: Separate Installatlon - - - - - - (30 550, 00)
"Flashmg nght Slgnals and Automa’uc Gates - - 24,111,00

TABLE 4

RECURRING. COSTS OF PROTECTIVE DEVICES L
(Ad]usted to 1968 $) ' '

(Per Annum)
A. GENERAL SITE MAINTENANCE® ” (ALL) - '- - == ' $120.00
B, acTive?
Flashing Light Signals’
Single Track - - -'-= < - == = <= - - $690.00
Multlple Track - - - - - - & - - - - 880,00
Flashmg nght Slgnals and AutOmatlc Gates B
Smgle Track IR R R $1,035. 00
Multlple Track - --— -— - B - - "1,'250, 00

i/Based upon estimates obtained from the AAR, and includes maintenance
other than that of the crossing protection, Hence, it also applies to
passively protected sites,

E/Reflect State of Virginia annual costs, 1950 Code (amended 66).
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- General site maintenance applicabie‘to all grade crossings is intended
to reflect those costs 1ncurred to mamtam the physmal roadway pave— '
‘ment or other roadway surface in the crossmg area. The active device
recurring costs, as shown, are representative of established costs for
the State of Virginia, These costs compare very favorably. u}ith" ad-
_]llStEd data compiled for a 1961 AAR study that covered 30 leEI‘SE

locatlons in North America.

Grade Separations

'The 1n1t1a1 costs developed for average grade Separatlons represent the
most detalled c1ass:.f1cat1on avallable These data obtained from the
Bureau of Public Roads reﬂect the cumulat1ve total nat10na1 fundlng
authorizations for grade separatmns for the perlod 1963 1967 and em-
body order of magmtude estunates of various crossmg classmcatlons

~ and types. An 1n1t1a1 dlstmctlon is made between hlghway approach

~ costs and structure costs A further breakout is effected by road class-
:.flcatlon mterstate prlmary, ‘ secondary and urban roads. A third |
classu‘matmn is obtained by differentiating between urban and rural, and
‘ a cornbined' wéighted averdge of both. . - Findlly, a distinctionv is‘made

as to Whether the structure is a highway over railroad, as Opposed to

a railroad over a highway. The followmg table and appendlces sum-

marize the cost data so structured.

‘:Append1x D- 1 - Separatlon h1ghway approach costs by road
. ' classﬁ‘1cat10n (Appendtx D) |
. ..Appendix D- 2 - Rural, urban and c0mb1ned structure costs by
- road classification and -type. (A-ppendlx D)
Table 5 - Rural, urban and combined total initial separa-
tion costs by’ road classification and‘typ,e.; -

¢
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In this particular cost category the average maintenance cost (adjusted
to 1968 dollars) for railroad over highway structures was estimated at
approximately $170. For want of any similar estimate for highway

spans, it was assumed that recurring maintenance costs for the high-~

way over railroad structure would be roughly equivalent,

This cost is probably low. It is another indication of the lack of solid,
verified, obtainable informatibn about relatively'simple cost elqments.
Fortunately for this study, this cost element was small relative to
other costs and probably did not materially affect tﬁé cost and benefit

calculations,

In calculating the discounted costs and benefits, estimates were made
of the respective "useful'' service lifetimes of the 1nsta11at10ns Service
life for accounting purposes is generally v1ewed as the number of years

elapsing from an asset's acqulsltlon to its final dlsposal

TABLE 5

RURAL AND URBAN TOTAL INITIAL SEPARATION COSTS:
{1968 Dollars)

1/

Classification Type— Rural Urban  Weighted Average
INTERSTATE A $483,000 - $ 868,000 . $600, 000

B 605, 000 1, 000, 000 855, 000
PRIMARY A 294, 000 455,000 ' 322,000

B 374,000 959,000% 423,000
SECONDARY A 252,000 259,000 265, 000

B 328,000 384,000 351, 000
URBAN A N/A 508, 000 508, 000

B N/A | 518, 000 518, 000
1/

Types involve: A- Highway over railroad; B - Railroad over highway

2
—/Representative of only 2 structures
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As may be expected, a wide variance existed between service lifetime
estimates. 'This is understandable due to the broad spectrumi-of ST S
materials that could conceivably be involved, As a result of coordina-
tion with the Office of the Chief of Engineers, U.S. Army, the BPR, -
FRA, and the AAR, it was coricluded that the following represent:real-
istic estimates of service lifetimes of averagd devices and :separations.

as shown by past experience:

Crossbucks and stop signs = - 7 years
Flashing Light Signals and Automatic Gates 30 years
Grade Separation Structures o " 50 yéaré o

Areas of Further Study

The areas for further study of grade crossing safety installations may

be conveniently grouped into short-term and long-term requirements.

Short-Term Requirements. - It will be vital for future,r more disaggre-

gated work to employ stratifications of automatic device and separafion
by the degree of sophistication and by the factors comprising the physical

environment,

Long-Term Requirements. - Investigation of land use impacts relative

to grade separations is properly a long-term analysis because of the
higher priority of other tasks. This refers to the economic implications
to surrounding site environs as the result of addition of sepafations and -
the consequent changes of land values in the area, Establishment of
on-going cost and effectiveness investigations for new devicesand " =
tech.niqu.éls,' ‘'such as flaShi‘ng advance béacons, impact attenuation devices,

and so forth, should also be considered,

L
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Vehicle Operating Costs

The costs of operating motor vehicles and trains are influenced by the

existence of grade crossings in several ways. The study included an-

examination of each of these and attempts were made to develop cost

factors for each element., The individual elements of costs were:

For Motor Vehicles

the cost of slowing down when approaching a érossing which
includes time lost and increased operating costs due to -

deceleration and acceleration,

the cost of stopping for a train which includes both the cost

of time lost and operating costs.

the cost of delays due to construction when a grade separation
is being built, This may be circuitous travel over a detour

or interruptions of traffic at the site,
the cost of delays to traffic resulting from accidents,

the cost of stopping at stop signs. This applies to all vehicles

-using the crossing and although the costs are small to each

individual user, they are substantial in total.

For Trains

the costs of stopping when an accident occurs, It has been
estimated that each train involved in an accident is delayed
about one hour for minor accidents and two hours in the event

of fatal injuries to motorists or train crews.

the costs of operating at slower than possible speeds due to

the presence of unprotected grade crossings.
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Reasonably good data were available for motor vehicle operating costs
and the value of time to highway users. These have been developed .
for use in economic evaluations of alternative highway improvements..
and are available in various publications. The Appendix on Operating
Costs describes the sources, assumptions used and formulation of the

cost analysis.

No reliable information was obtained for train operating.costs and the.
value of tlme saved or lost by tralns of different types. In the absence
of rellable estlmates it Was concluded that these cost elements Would

not be included in the cost and beneflt ana1y31s

It would appear that such costs could be ‘generated by research studies
and possibly they could be obtained through the cooperation of railroad

operating companies,

The cost factors used and their sources are described in detail in the
Appendix on Operating Costs. The principal elements of operating
cost were the value of time Z.I.ostyfer passenger cars and commercial
vehicles. These were $1. 56 and $6. 04 per hour respectively.. The
mix of traffic was obtained from the Bureau of Public Roads studies

and is also described in the Appendix.



CHAPTER IV
'GRADE CROSSING-ACCIDENTS '

INTRODUCTION

Accidents are an inherent danger of the highway-rail grade crossing
environment, The various grade crossing safety installations have as
their major purpose a decrease in the number of accidents, as‘well

as a possible reduction in their severity.

It may be useful, in an analysis of how to effectively prevent accidents,
to establish a separate category for the train-involved accidents and for
the non-train involved accidents, because different means of preventing
each type of accident may then be tried and tested separately for their
effectiveness, Howelver, the accident cost generated at a crossing is |
the sum of the cost of each accident, regardless of cause. For the pur-
poses of this study, an average cost per accident at crossings was de-
rived for the train-involved accidents and an av'erag'e' cost for non—frain
involved accidents, and then the frequency of accidents was eicaniin‘ed

to déterfnine how it varies over the diffefent types of safety installations.
Combining these fwo gives accident costs at parti'cular types of cr"o'séings
based on the various protécﬁve devices, a major component in deter-

mining warrants and priorities.

Ideally, the cost data on grade crossing accidents should come from -
grade crossing accident experience, not from observations -of highway
accider},:t"s in genelﬁal. However, the gener'ationjof the ideal data remains
to be accomplished by\ah on-going informationusystem foi‘ grade Cross—
ings, since the data prééently available is scanty, and reliance had to

be placed to some extent on highway accident experience.
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Monetary Evaluation

The accidents prevented by safety installations are benefits that should
properly be evaluated in monetary terms. If not, then there remains
an unavoidable ambiguity as to which installation for a given crossing
is warranted or most cost-effective, since the various effectiveness
measures, such as the reduction in the number of persons killed, the
reduction in the number ‘injured, and the reduction of accidents at
crossings, cannot bé related to one another by a common denominator.
Money value is an appropriate common denominator. Unfortunately,- -
some values are not as accurate as we would like them to be, and there
remains an ambig‘uity as to which amount to.assume for a saved life,
for instance, or for pain and suffering prevented. However, by using
certain theoretical and empirical developments, these values can be
appro}é:irhated' Furthermore, the sen51t1v1ty of the results to changes- -

in these values can be tested.

De'ftnit‘ionsand Componernts =

Most of the prev1ous studlesl/_ cons1der the cost of acc1dents in two '
parts direct and 1nd1rect costs I.n a 1949 formula of the nghway Re-'
_ search Board dlrect costs are deflned as the sum of damage to pro-
perty, med1cal and 1egal expenses and the value of worktime lost The
main item which constltutes 1nd1rect costs is the expected earnmgs of
persons permanently eliminated from the labor force because of death

or total disabillity.

1 See e. g., Department of Public Works. and, Buildings, State of Ill,
""Cost of Motor Vehicle Accidents to Illinois Motorists', and R.N.
Smith and T. N. Tamburri, “Direct Costs of California State Highway
Accidents, " Traffic Department, State of California.
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Most of the indirect or external costs of an accident atre int'angible in’
character. Human sﬁfferiﬁg involved ig-a salient examplé, Time lost
by the users of railway and highway at the time of an accident can also’
be included in this category.‘. Some attempts in the wrong direction -
have been made to measure these intangible costs, For example a
number of studies include in their computation, compensations. and”
damages awarded by the courts; which are very inaccurate measures of
the psychological suffering involved. In most cases the payments
amount to pure transfers from one individual to another, and their in-
clusion in the cost to society is an exaggeration, It-is conceivable -
that the legally responsible party suffers psychologically as much as -

the innocent!

The value of life, however, may be estimated economically, at least,
to provide a minimum measure for the loss of a human being. The
 components or categories of accident costs that were used are work-— ~
time lost (because of temporary or permanent disability or because -
of death), medical and hospital costs, 'property-damagés’i/, -and 'the
administration expenses 'of accident insurance, The latter is iﬁcluded: |
because ahy amount is a diversion of ‘administrative talent, which is -

directly attributable to the accident environment.

Costs Per Accident

Economic Value of Life. - Numerous s‘tudie:s‘ ha%re és-t'imated the eco-

nomic value of life, under a. diversity of concepts, It is not the purpose

) SE .
—/We have not accounted for damages to the protective’ dev1ces at’ the

crossings; but this should be developed in the future.




:'36’

~ of this study to reconc11e all the concepts that have been used to obtam' o

the diversity of estlmates presently in exxstence. Qne such con_cep‘t‘ '
‘which is. reahstlc and defensible was selected and app11ed O{her're4'

’lsearchers may substitute other values if desired,.

‘The precise raiue of life. used in a cost-benefit study isiimportant.

Given many crossi:;gs and maﬁy different devices, a change in the as- |
 signed value of life of 25 percent, .,for_ instance, may change fhe selec~ -
tion of the warranted device at 5 peroeat of the warranted crossings.

. It may be worth thve‘effort to verify this statement at a later d’ate ina

sensitivity analysis.

Only one value of life was used in this study, It is derived from the

calculation of discouhted expected ‘1ifetim‘e earnings.’

Gross 11fet1me earnmgs have been tabulated on a nat1ona1 basis accordmg
to age, sex, color and education. e For reasons given elsewhere a .
national average was*used, ‘not reg'lonal or state averages. These

values have been used ‘for a number _of_studi‘es by HEW, vso“‘th‘eirIUSej‘

by the FRA is not unusual, and makes for uniformify among gov'ern-

. 2
ment agencies,—

l/Derthy P, Rice and Barbara 8, Cooper, "The Economic Value of
Human Life", American Journal of Public Health, Vol. 57, No. 11,
{(November 196’7) pp. 154-66, '

—2-/For examples of the use of the gross earnmgs concept by HEW see ..
their Disease Control Programs pubhcatlons 'Arthritis", September
1966; ''Selected Disease Control Programs September 1966 Motor
Vehicle Injury Prevention Programs'’, August 1966; ''Cancer", ‘
October 1966; and ”Estlmatlng the Cost of Illness” Health Econo:mcl o
Series No 6. ‘
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Using the Rice-Cooper tables the est1mated average expected loss
from a death in a railroad crossing ac:c1dent for 1964 was $86 000 L/
The metheod of calculation is as follows. Regroupmg the Rice- Cooper.‘
age groups slightly, an expeeted loss of’ earnings for both males and
females may be estimated by r‘nultiplyinvg the discounted earnings figures
of Rice and Cooper by the dlStI‘lbuthn of age of the driver in vehicle-~
train acmdents 2 (More properly, the 1atter dlstrlbutlon should -be the
age distribution of those killed at railroad grade crossings, for trdin ¢
involved as well as non-train involved accidents. Those distributions
are not available at this time and are part of the "information gap".)
The expected loss for males was approximately $83, 000 each, and for
females, $57, 000, It has been estimated that 82 percent of the drivers
in vehicle-train accidents were males, while 18 percent were females.—B—/

Thus, an approximation of the expected minimum loss to society of a

person killed at highway-rail grade crossings is $86, 000 (as of 1964).

The value of work time lost was estimated from other studies to be

$469 for the average non-fatal injury. When these figures were adjusted

—l-/The value of $20, 000 used in the Voorhees study, op cit., and the’

Newnan study, op. cit., apparently is derived from the. Amerlcan
Association of STSLteT-hghway Officials, Road User Benefit Analysis
for Highway Improvements, 1960, p. 143. The values on that page
of the AASHO report dre for three age brackets and for madles and fe-
males and, from their low order of magnitude, appear to be derived
from a net earnings concept, although it is not indicated how the
figures were derived.

glVoorhees Study, op. cit., p. 7, Table 1.

3/ tbid. . p. 7, Table 3.
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 to 1968 dollars, added to insurance overhead, property damage and

mediéal"fcostsv,.-fch‘e_ -ave‘rjag‘é"a‘c'czjidént cqsté were: '
- for train involved accidents* -$20, ‘165.;

- for non-train accidents, $1, 655,

How these values ‘Were developed and verified is expléined in detail |

in Apl‘av'endix A,



CHAPTER V L
WARRANTS AND PRIORITIES

INTRODUCTION AR
The use of Planning, Programming, and Budgeting (FPRB) Systems . .-

has been widely actepted by governmeént agencies. That-is to say;. .de- -,
cision makers have found it fruitful to employ benefit-cost or cost-
effectiveness techniques as one of several considerations to guide them

in their decision-making responsibilitids.  ‘However, the application of
PPB systems has been different for Varlous agenmes both in pomts ,

of basic methodology and of 1mp1ementat10n The differences in appltca- ‘
tion arise because of differences in th,e_lvelry;nature of the problem con-

fronting different agencies and because of different user réquirements.

The highway-rail grade crossing env}ironroent ropresents the intersection,
both physically and in responsibility, of two Fodéfal agencies, the ﬁederal
Railroad Administration and the Federal Highwsy Administration, FHWA
employs a method equivalent to the beneflt mlnus cost (or net benefit) .
criterion, where the beneflts and costs are in dlscounted terms (or

their equivalent annual cash flows)

In this r-épor;c warrants were derived “fr'orh.f_;he‘ net benefit criteri'on; ‘.Thﬁs,
the results of this study are compatible witI} those which would be pro-
duced by the use of FHWA procedures, .I?.r_iorities may be inferred from
the values of the ratio method or the net ber}leﬁt measure; they are not

essential to this study.
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- Ran ges of Input Values and Procedures

' ,-"\Trafflc Levels,’ - The six trafflc codes for each, the motor veh1c1e traffic

,and the tram trafflc represent the ranges of trafflc means as shown in
Tables 6 and 7. The mean values for each code were employed for the '
aceident.and delay cost calculations; The train traffic is the number,

of railroad movemehts rather than the number of irains.

o TABLEB' .
AVERAGE DAILY MOTOR VEHICLE TRAFFIC (ADT) 1/

ADT Code - - -  ADT Range S ADT Mean Values -
1o pes00 137
2. '500-1,000 - 699
3 1,000-5,000 . 2,006
4 5,000-10, 000 6,906
g 10 000-80,000 . . 13,477
6 B “over 20,000 25, 289
| | TABLE7
AVERAGE DAILY TRAIN TRAFFIC (TT) L
TT Code ~ TTRange TT Mean Values
1 B 0-2 o » 1
3 6-10 . | R
4 11-200 0 v 18
5 21-40 o 28
6 over 40 132
1/

= Calc.ulafed from the five State eerhple of crossings.
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Accident Costs. - The accident frequem:les were, ta.ken frorn the Voor-

hees study NCHRP: 50 as modlfled for automatic gates and flashmg llght
signals in-the urban area (See Appendrx A). :Also, the.accidents.on grade

separations were calculated separately. -

The average cost of a tram mvolved acmdent is $20 165 00 and on.a
- non-train invelved acc1dent $1, 655, 00, Table 8 1nd1cates the range of .

costs calculated for. the lowest highway and train.volumes and for the

highest,
TABLE 8 .

ANNUAL COST OF ACCIDENTS PER CROSSING
Train-Involved . Lowest Volumes. . . ..Highest Volumes
Crossbucks: - . . o »

.. Urban . .. $15.34 . . $248,546 . -

Rural o 15.34. . . .. 246,757

Stop: Signs: . L. 29.67 _ - 93,012 . .

Flashing Light Signals: o | L
Urban .95 20, 082
Rural . e .. 3.98:- St 75,813 .

Automatic Gates: . R - .
Urban -~ - . .31 . . . 6,586
Rural 14 .. . - 15,8692

Non-Train-Involved '

Automatic. Gates: . e ‘@,27 OO T 24,722

Cther Protective Devices: » ,I .12, 13 : | 21, 977

Grade Separatiohs: 29. 37 - 5,421
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Delay and Operatin ng C Costs, - Th‘ez delay and oﬁerat'ing' costs embloyedv

are shown: in Table 9. Delay costs represent the cost of time lost .

"due to stopping or operatmg at lower Speeds than those which would
normally prevail. Operating costs are:those costs associated with
operation of the vehicle. For slowing down, the estimates are based
on the assumption of a5 mile per hour reduction in speed starting -

" from 55 miles per‘»hour for rural areas and 35 miles per hour for urban

‘areas. - The delay costs are far less significapt than the motor vehicle -
ope_rat'ion costs., For slowihg doﬁrn, operation costs are four to seven.. -
times the delay costs for an urban erea, and five to thirteen times for

a rural area,

The high'cdst‘of etoppivng’for stop signs renders them economically ’
unattractive. These costs were used as the basis for the calculation of
operation costs of stopping for trains independent of Stop Signs, by taking
the fraction that stop for each highway and train volume code. For -

the lowest volumes 0. 07 percent of the motor vehicles stop, and for the

highest volumes, 1, 87 percent stop

The delay costs for separations are initial costs only (covering a period
of ten months)., We assumed that construction took ten months' and - -
was cornpleted in one calendar (or fiscal) year so that part of the de-

lay costs need not be dlscounted

Initial and"‘Re‘clurrinjgﬁCosts of Crossing Installations. - Table 10 shows

the initial and recurring costs and the average service lives of the’

installations. |
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TABLE 9 .

Co . ANNUAL COST OF DELAYS,
AND MOTOR VEHICLE OPERATIONS PER CROSSING

Delay C'o.'strs' : . Lowest Volume Highest Volume
Slowing Down: | o R - '
Urban g $ 27,28 $11,948
Rural | 29, 07 -~ 19,051
Stopping for Stop Signs: e e L
Urban 408. 04 75,31
Rural 783,08 Co 144,549 |

Construction Delay Costs for Separations:
Urban : 27.87 . ' VE'S“, 9.69:
 Rural 32.38 8,002
Operating Costs ' ' '

Slowing Down: : . .
Urban | . 186,02 .. . - 46,435
Rural 362,179 S 9178

Stopping for Stop Signs: R o
Urban 852,59 .., - 157, 380
Rural ‘ 2,027. 2 o 1374, 204
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| .~ TABLE 10
INITIAL AND RECURRING COSTS OF INSTALLATIONS

BN

o ‘ . Service Lives . Annual /
- “Initial Costs  ~___.(¥rs.} Recurring Costs—
Crossbucks $ 150 ‘ 7 $. 0
Stop Signs ~-© . s 7w 0
Flashing ‘rLi'ght ‘ \ o | 3
Signals 10,675 30 . . 905
- . Automatic Gates , _
Added to Flashing ~ 19,875 - 30 1, 263
Automatic Gates and ' }
Flashing Light ‘ L ' '
Signals . . 24,111 . 30 1,263
Grade Separations: ‘
Urban: -
2 Lanes?’ - 513,000 50
4 L‘anesfz-/ - 868, 000 50
Rural: . -
2 Lanes 300, 000 . 50
4 ‘Lanesz—‘/ 483,000 - 50

Discounting. - Table 11 gives the discount factors utilized to derive
the present worth of the various cost flows. These factors were applied
to the annual cost figures or initial cost figures to derive the present

worth,

l/The recurriﬁg‘cost's leave out the ‘$120 for roadway maintenance for
devices, The $50 maintenance costs for grade separations is the dif-
ference between its maintenance cost of $170 and the $120.

ElTwo lanes are assumed for an average daily highway traffic below 5, 000
four lanes above 5, 000. The four lane cost comes from the interstate
highway experience,
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TABLE 11
DISCOUNT FACTORS TO OBTAIN PRESENT VALUES—/
" . - : 2/ 4" ' ',-,-._, [ ) ) . .
Category. Net Discount Rate— Discount Factor
Accident, Delay and ' o
Operating Costs: S ,
Urban ,. ' 5.2 “ 17,708
- Rural . s.8 U Tiszien
Recurring Maintenance | . . o
Costs: 10
Existing Device,
Recurring Installation
Costs: ‘ . _
7 Year Life: w0 iasz
30 Year Life:. 10 ) 002817
New Device: S
T Year Life: P 2,036 -
30 Year Life: w0 ioss

Incorporated is the equallzatlon of service lives to fifty years. We- N
I.assumed that if a device was already in existence at a crossing, it had
lived one- half its useful life, For ex1stmg crossbucks and stop s;gns‘l,
wé'assuméd"that after 3- /29 years they are to be replaced, ‘then to be

replaced every 7 years up-to the 45. 5th year. We accounted for the

—”Ass'umes 50 .jrear‘éash ﬂb'w. et

2/

—'This is the discount rate of 10 percent 1ess the growth rate, where
appropriate.



el e

'differehc“e in 45,5 + 7=525 years and the 50 years of the .grade se-
‘ paratlon by takmg only the fractmn (4 5)/7 of. the original.cost as the
45 5th year s outlay to replace the dev1ce.

Similarly, after 15 years the existing fléshing light signals apd‘._;.a,utldi-; |
matic' gates aré réplaced' and the final investment (year 45) is Io"nly'-
1/6th of the or1g1na1 capltal outlay Because of the limited effect of
the dlscount factor as f1fty years are approached, this approximation

is accurate enough.

The accident, delay, and motor vehicle operation costs -,ar'e assurh_ed ;
to grow acco"rdingvto the urban and rural growth rates of motor vehicle
milage, Train traffic was assumed to remain constant, a condition

that should be inves‘tigat‘ed more fully in future research.

The ten,per‘cent‘di.-scount rate employed yields more conservative esti-

mates of warrants than would a five perclent di‘sco_un“c rate, for example,

Warrants. - “Warfants.were derived with ~’réspect to the existing device.
That ‘-is. benefitS" were defined, as the accident, motor vehicle operation'
‘and delay costs: saVed over the ex1st1ng dev1ce. The costs are defmed
as"the initial and recurring costs of the devices over that of the present
device. . All costs and benefits presente‘d_below are in _(ilscounted terms.
The warrants are shown cell by cell in the train‘t‘raffic-highway volume
matrix, for both the urban and rural environments, The warrants are

also shown with respect to the existing device, because the'eiisting device



represents a sunk cost Wthh changes the Warrants sllghtly (by recom— ,
mending that the, dev1ce be left. m if it is already there although 1t Would
not be recommended. if not ,already,the_re-_-that, is, for some of the margmal

cells),

Using the net beneflt criterion, for each cell that grade crossmg safety
installation is warranted Wthh maximizes net beneflts as long as the
net benefits are greater than zero (if zero or less it does not‘pay to m-'
- stall a new device), Tables 12 through 21 glve the warrants with the
respective benefit/ cost, ratlo and net benefit values whlch may be useful
to determine priorities. The values in each cell refer to the average
crossing in that cell. The total number of Warranted 1mprovements was

derived by counting the number of crossings in each cell

A quality that one may seek is that the. tables should not recommend up-
gradmg a crossing presently with crossbucks to flashmg light 51g'nals

for example, and then having the table for flashmg l1ght 51guals recommend
grade separations for crossings in that cell. The net benef1t crlterlon
achieves this quality; that is, the grade. separatlon will be orlgmally war-
-ranted if it is warranted -compared to flashing light S1gnals as the ex1st-—

mg device.

It was assumed that no crossing was to be d‘owngraded Average“'s'tatistics
were employed, which- presumably have dlstrlbutlons around them Thus
in those cases where the net beneflt cr1ter1ons 1nd1cated that downgradlng
would have been the best improvement, spec1al characterls‘ucs ‘at the
crossings were presumed to exist which warranted the _spec_}a_l ;protectlon

- they presently have.. -
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The tables Wthh follow show the nurnber of crossmgs whlch warrant
1mprovements by type of ex1stmg protectmn and by locatmn -- urban '
and rural. In addition to the number of crossmgs the tables show
the type of improvement, the cost-benefit ratios, and the net

beneflts for an average orossmg in that tram—vehlcle volume group

A summary tabulatlon at the bottom shows the number of crossmgs '

| 1nc1uded in the table

These tables deserve a word of explanation, In the higher volume groups
the net beneflts and the beneﬁt cost ratios appear to. be’ very large.; “In
some cases they are so 1arge that the reader m1ght immediately ask why
ha grade separat1on was not warranted In fact, grade separanons ‘would
produce net benefits in many cases where flashing'lights. and automatic
gates are shown However the automatic devices yield larger net‘
benef1ts The warranted" dev1ce g1ves the greatest return on the in-
vestment Other dev1ces or grade separations would also produce bene-
-fltS 1n excess of costs Thus the f1gures developed by this analysis'

are useful only 1n scalmg the national situation. " Many factors at each
"crossmg would enter into the dec1s1on of which alternative to employ in
.actual s1tuat10ns For example some ¢ombination of grades and abutting
property development mlght make a separation much less costly than’

‘ the average cost used in this analy51s while other combinations would
result 1n Very much hlgher ‘costs. In the first case a separation might
be more desxrable than llghts or gates while in the second case the cost

' of a separatlon mtght exceed the benefits it would produce,

Using the tables:
The tables which follow show the number of warranted improvement's-for

urban and rural crossings with different types of existing protection.
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The highway volume cl‘aiss is 'acrossthe table and the.railroad move-
ments class along the s1de Wlthm each ce11 in the table is shown the
recommended 1mprovement the net beneflts per crossmg and the esti-

mated number of crossings, These aré shown in the’ fo]lowmg way:

-  recommended improvement is shown in the upper left corner,

encoded as:

FL - automatic flashing light signals
AG - automatic gates with flashlng llghts
GS - g‘rade separatlon T

}If no change 1s recommended there lS no 1nd10at10n 1n the »

Vupper left corner of the cell
.= number of crogsings is shown in-the. upper right corner.
- benefit-cost ratio is shown in the sécond line.

- net benefits per croslsing are shown in the third I'ine of num'hers.

Examnles of these are:

Recommended 1mprovement is flashlng

light sugnals

‘'There are an estimated 120 crossings in this class
The benefit-cost ratio is 1,1

Net benefits per crossmg are estlmated to be

' 7410-dollars -- S x '

From these figures can be calculated the initial costs and total bénefits
from the warranted improvements, The initial costs for various types
of Improvements can be found in Chapter I, In general however the

calculations can be made by us1ng the followmg
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o= for new flashmg 11ght mstallatton $10 700
- "for new automatlc gates w1th ﬂashmg 11ght s1gnals $24 100 .

- - _,. for grade .separations, | : _ ‘
- The average costs for four lane structures on the Interstate

System were used. They are:

Rural - $480, 000
Urban - $868, 000 -

Thé costs of se’parationsfere higher than 'th'el’lp‘ast" experience would indicate
but they allow for hlgher standards’ proposed for new structures and for
posslble r1ght-of-way a.nd damages. Addltlonally, they represent road- .
over-rail costs. In many cases roa‘d-'\in'der-'railvdesigns ma&r be re-

quired. The use of the high estimates allows for a mix of the‘two types.
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TABLE 12

BY TRAIN AND HIGHWAY VOLUME CLASS FOR ;..
URBAN CROSSINGS WITH CROSS BUCK SIGNS
AS THE EXISTING DEVICE -

HIGHWAY VOLUME CLASS -

TRAIN VOLUME CLASS

1 2 3 4 5 6
12, 640 2, 850 6, 030 2,180 1,390 | FL. 160
' 1,54
| 10,810
1,830 1430 710|FL - 190|FL. . 180|FL . 50
on87 . 352 | 6.18
17,270 |, 49,930 102,740
2, 000 230 800| FL.  180{FL . 170|FL . 50
3. 27 6.15 | ‘10.81
45, 100 102,260 . |194,8680
1,080 230 FL.  740[PL  110|FL  140|FL" 50
2, 24 7, 48 14, 07 24.172
24,510 | 128,600 | 259,240 |470,490
220l FL __ 70]FL  120]FL 20| FL 20 |
137 3.91. 13, 09 24,62
7,410 57,770 | 239,930 468, 550 | |
FL 20|F L 0 AG
1.70 | 6.48 10, 27 34. 38 64. 61
EIRIUIN ESUENGUI 346, 280 |1, 246, 350 |2, 375, 150
17, 790 3,810 8,400 2, ¢ 1,900 310

N.C. -32,620
F, L, ~ 2,280
AG. - ©
G.S - 0
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TABLE 13

NET BENEFITS AND NUMBER OF CROSSINGS .
BY TRAIN AND HIGHWAY VOLUME CLASS FOR -

o1

URBAN CROSSINGS WITH STOP SIGNS: - -

AS THE EXISTING DEVICE
BIGHWAY VOLUME CLASS

3

4

5

FL 1310

..1,02 |
o290 |

FL.
5,06
.76, 160

- 560

1360
14, 52
253, 650

FL

FL
49,98
918, 970

480

FL = 240/

97,52 |

1,811,000

FL . 20
3,414,050

FL 560
L1009
1,770

- 220

FL
T 5,010

‘| 78, 880

510
14. 63

FL

255, 690

FL

925, 749

160,
50.34

|1. 823, 600

—
98.19

FL

FL . 10
ERTRTS
3. 435, 690 .

FL = 810
1,17
" 3,260

- 390
5. 14

. 17,600

530
14. 74
257, 730

FL

90
50. 70
932, 929

FL

FL

90
98. 86
1,836, 190 -

FL - 50
0185026 |
3,457,330 |

TRAIN VOLUME CLASS

FL . :560]

1,41

7,710 |

1260
~ 5.25
79, 760

FL

~ 480

15, 06
263, 861

FL

200
51,78
952, 868

FL

FL 170
100. 87
1,873, 980

FL

290
13,640

FL . 150
5,40
82, 631

FL. 70

R
|-107,851

65,083

5F%ﬁt

673

3, 600

1, 590

OF CROSSINGS:

© 140
15. 50
. 272,032

FL

FL

A 80
0. 46

i

3, 100

N.C. -
‘F.L. -
A, G,
G.S.

 53.23
979, 987

A 0
b

1,050

0
9,910
160

0

TOTAL 10,070

50

FL
.. 103,56 .}

30 60

FL 60 )
‘  188&?2f' 
3,522,250 1

1,924, 370 i
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TABLE 14

NET BENEFITS AND NUMBER OF CROSSINGS
BY TRAIN AND HIGHWAY VOLUME CLASS FOR

URBAN CROSSINGS WITH “OTHER” DEVICES

AS THE EXISTING DEVICE
HIGHWAY VOLUME CLASS

1 2 3 4 5 A 6
2, 620 1,130 2,710 "~ 960 470 40
1
1,130 460 1,020 320 [FL 110 [FL- 20
. 1.19 2,09
' 3,510 20, 370
2 1,610 780 1,080 |[FL 200 |FL 190[FL 110
i 1,11 2.08 . 3.65
O 3 , T .
[ 1,970 23,210 49,1710
3 1, 130 530 970 [FL 400 |FL' "~ 350|FL° 120
> 2, 53 4,175 8. 34
z 4 : , S
< 28, 620 70,320 .| 137,760 ‘|
[a e
> ‘ .
580 310 |FL 300IFL 110 |FL  7opkx
5 - L3z 4,42 8. 31
- 6,010 | 64,160 137, 140 " f
FL _ 150|FL 30 [k 00 |2 0 [# 10 B
6 3.58 " 219 4 0
48,360 | 22,240 |EEEERPLD 4 0 808, 80
7,220 3, 240 "6, 180 2, 140 1,230 " 290
SUMMARY: NO, OF CROSSINGS N.C. - 17,850
Fa L| = 2, 160
A.G, - = 290
Ga S- - 0
TOTAL ~ 20, 300
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TABLE 15

NET BENEFITS AND NUMBER OF CROSSINGS
BY TRAIN AND HIGHWAY VOLUME CLASS FOR . = .
URBAN CROSSINGS WITH FLASHING LIGHT SIGNALS -

AS THE EXISTING DEVICE
HIGHWAY VOLUME CLASS
1 2 3 4 5 6
650 160 1450 1250 120 20
1
790 430 1170) 1050 ~ 680 150
2
7 190 700 2890 1660 | 800 70
< | i
3
5 3
&
=
5 , ‘ :
3 610 830 . 2660 1290 580 90
S ,
2 4
=
=
@ | » .
580 500 1170 370 160] 0
5
130 320 P AG 300 |AG 10
5 S - | C 4. 23
' 84, 100
2. 950 2,940 10,320 5,920 2. 440 380
SUMMARY: NO, OF CROSSINGS: N.C. - 24,520
R, L, - 0
A.G. - 400
G S. - 30

" TOTAL 2%, 950
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TABLE 16

NET BENEFITS AND NUMBER OF CROSSINGS
BY TRAIN AND HIGHWAY VOLUME CLASS FOR
URBAN CROSSINGS WITH AUTOMATIC GATES

TOTAL

AS THE EXISTING DEVICE
HIGHWAY VOLUME CLASS
1 2 | 3 4 5
130 © 60 - 380 280 + 100 10
30 30 260 120 50 30
o 140 50 310 110 120 30
< .
—
O
ol
=
pam)
8 90 40 290 50 - 20 0
O | |
&
<
o
=
50 0 160 50 50
100 90 240 150 150
590 200 1,640 760 490
SUMMARY: NO, OF CROSSINGS: N.C. - 3,750
F.L. - 0
AG - O
GI SI - 0
3, 750
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TABLE 17

NET BENEFITS AND NUMBER OF CROSSINGS
BY TRAIN AND HIGHWAY VOLUME CLASS FOR
RURAL CROSSINGS WITH CROSS BUCK SIGNS
AS THE EXISTING DEVICE

HIGHWAY VOLUME CLASS

39, 880 3,020 2,110 ‘ | *
1
11,870 310 420
2
§ 8,810 440 970
-
O 3
o
= |
D . 7 N N
o 6,510 220 [FL 210 .
> 1,53 |
Z 4 C L
< 10,580 | EEEERCE
ae] ) o s
= o : 3 B
590 O[FL 160 |LXerg
S 68 .12
5 N
33 400 191,080
30lac 90!
6 8.98
297, 450

4,020

68, 080

5, 980
SUMMARY: NO, OF CROSSINGS: N, C. - .77, 520 |
F,L. -. 800
AG, <. 120
G, S - 40

TO’I‘AL 78, 480
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TABLE 18

NET BENEFITS AND NUMBER OF CROSSINGS
BY TRAIN AND HIGHWAY VOLUME CLASS FOR
RURAL CROSSINGS WITH STOP SIGNS
AS THE EXISTING DEVICE

HIGHWAY VOLUME CLASS

1 2 3 4 5 6
FL  2,880[FL 390 |FL 800 (FL 60 [GB e i
|29 | 10065 30,55 | 105,19 &
20,390 | 181,000 | 554,510 |1, 954, 110
FL. I1,610‘FL 180 |FL 220fFL.  ~ 30%
) 2, 07 10, 57 30,35 | 104.50 |
20, 130 179,670 | 550,700 | 1,942,030
% |rL 2 0s50/FL 190 |FL  seo|FL 10 [
é 3 2.06 10, 50 30. 15 103. 81
& - 19, 880 178, 320 546, 890 | 1,929, 140
E .
3 [FL 1,560[FL 310 |FL 270 XK
; a{ 2,02 10. 29 20. 53 JEENEREREL
< 10, 080 174,320 | 535, 450 JSEEIREEN
& | | | .
FL 570{FL. 60 [FL B0 AG
s 196 |  10.00 28, 72 52,61
18,030 | 168,980 | 520,200 [EUEYANEUR
AOEYS AG 70
5 1.18 EEPRE 13. 54
PO 134,810 | 454, 860

9. 010 1,200 1,960 150 60 0

1
=)

SUMMARY: NO, OF CROSSINGS: N.C.
F.L, - 12,150

A.G, - 170

G.S. - 60

TOTAL 12, 380
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d TABLE 19

NET BENEFITS AND NUMBER OF CROSSINGS
BY TRAIN AND HIGHWAY VOLUME CLASS FOR
RURAL CROSSINGS WITH “OTHER” DEVICES

AS THE EXISTING DEVICE
HIGHWAY VOLUME CLASS
1. 2 3 4
5,760 800 1,610 |
1
3, 220 360 440
2
7 4, 120 390 1,120
<
A
O 3
o)
=
o
A 3,120 630 560
S |
= 4
]
=
e
- ,
1, 150 130 120
. _
700 140 120G
6

18, 070 2,450 3,970
SUMMARY: NO, OF CROSSINGS: N.C. -
F. L, -
A. Go -
G. S' -

TOTAL
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TABLE 20

NET BENEFITS AND NUMBER OF CROSSINGS
BY TRAIN AND HIGHWAY VOLUME CLASS FOR
RURAL CROSSINGS WITH FLASHING LIGHT SIGNALS

AS THE EXISTING DEVICE
HIGHWAY VOLUME CLASS
1 2 3 4 5
770 290 840 3
1
680 210 | 930
2
A 310 300 890
j ,
0 3
]
=
jom]
3 930 350 660
>4
2
<
e
H ,,,,,,,,,
280 190
5
1, 110 |IXIENNETTY
6 1,14
3, 620 58, 330

4, 080 1,710 4,430 660 120

SUMMARY: NO, OF CROSSINGS: N.C. - 9,690
F.L. - 0
A,G, - 1,140
G.S, - 170

TOTAL 11,000
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TABLE 21

NET BENEFITS AND NUMBER OF CROSSINGS
BY TRAIN AND HIGHWAY VOLUME CLASS FOR
RURAL CROSSINGS WITH AUTOMATIC GATES

AS THE EXISTING DEVICE
HIGHWAY VOLUME CLASS
1 2 3
270 240 610
1
390 280 —350
9
A 230 220 350
<
J 3
0
o3
>
3 ‘
3 370 210 160
=
= 4
-
<
I~
I~
70 20 30
5
70 30 90
6
1, 370 1, 000 1,590
SUMMARY: NO, OF CROSSINGS: N,C. - 4, 150
F. Ln - O
A.G.. 0
G.S. 20

TOTAL 4,170



CHAPTER VI |
- INFORMATION SYSTEM

INFORMATION

The Federal Highway and the Federal Railroad Admiﬁistration have.
been assigned the task of administering the national program for the
reduction of grade crossing accidents, These two administrations
have the consultative advice of the National Transportation Safety
Board and continuing liason with the Office of the Secretary of the De-
partment of Transportation. The DOT Action Group composed of re-
presentatives from all affected organizations in the Depaftment haé
developed an eleven point program for grade crossing safety. Two-of |

the points to be accomplished are particularly relevant:

® a more accurate national inventory of the grade crossing

situation.

° improvement of accident data collection and enforcement,

The need for these have been adequately demonsirated in the present
as well as in previous studies. The following sections deal with the
method of acquiring the information and the attendant effort and costs of

collecting the information.

Data Requirements and Flow

Before defining the level of effort required to establish and operate the
inventory and information system the data to be collected need to be

specified,
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For each railroad crossing, the following list contains the basic data
required to carry out meaningful benefit-cost studies to measure needs
and to evaluate progress. Since:past studies have been hampered by
the lack of this information, the need for an information system capable
of generating this data is obvious. The required data is given with a:.
minimum of notation or explanation and is organized according to:

e physical features of a crossing

e train and motor vehicle data

e accident data

The data requlrements vary accordmg to the user. vThe" list below is

a general one state and local governments are expected to have little
need for much of certam portmns of the data wh11e other portwns

would not be needed for federal programmmg The followmg list out-

lines the total information requirements. Something short of this. list-

will still provide useful information. A workable goal such-as.the following
list may guide efforts to acquire a uniform informatiop and inventlory_

system,

Physical Feafures:of a Crossing

- @  Location: by Identification Number.

® Administrative Classification: State, Co‘uﬁty, Muﬁicipal,

Federal Aid Primary, Federal Aid Secondary, Non-Federal Aid,

o

e Protection Type - ThlS 1nformat10n should be in suff1c1ent
deta11 to 1nc:1ude the prec1se locatlon and types of the followmg

mstallatlon
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- none (specify by notation)
- Stop signs

- cross buck signs

- other passive signs

- advance warning signs

- flashing light signals

- cantilever flashing light signals
- wigwags

- automatic gates

- manual gates

- flagmen

- .audible signals

- others (specify)

- circuit characteristics
Railroad Tracks

- number of main-line tracks
- number of passing tracks (sometimes called sidings)
- number of other tracks

- use of other tracks

Highway Data - Each highway approach should be considered :

separately, if necessary, to obtain the following data:

- number of laﬁes ‘

- pavement width

- shoulder widths and type
- type of surface

- divided or undivided

degree of access conirol

angle of crossing, (using uniform measuring techniques)
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safe approach speed, by quadrant ° -

stopped sight distance

approach gradient

pavement markings
e Crossing Length and Width

- type of surface

- condition of surface
e Adjacent Land Use Characteristics

industrial

commercial

residential

rural
® Matorist Distractions
e INumination

- at the crossing

- near the crossing

Train and Motor Vehicle Data
The following infermation should be collected:

e Average number of railroad movements daily, scheduled and

unscheduled, by time period (e. g., by hours of the déy).
e Speed of trains

- average speed
- number daily under 70 miles per hour

- number daily 70 miles per hour or over
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. Average length of trains

¢  Average daily traffic of highway vehicles (ADT) by day and
night periods

e Composition of ADT

- autos

- trucks

- buses

- proportion carrying hazardous materials
- other

L] Legal and average actual vehicle speed

- speed profile

Accident Data

o Identify crossing by identification number
e Accident type

- vehicle-irain
- no train involved

- other

] Train, if involved

number involved (one or two or more)

speed
length

direction

- type
. passenger
. freight
. switching

. work

1

light engine
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- type of movement
. through -
. standing
. backing
. switching

. leading unit not a locomotive

- location - train hit vehicle {or pedestrian or vehicle hit
which part of train) |
- relation to schedule

- extent of damage
Vehicle, if involved

- number of vehicle(s) (one, or two or more)l

- type of vehicle(s)

- age of vehicle(s)

- gpeed if in motiori,' whether stalled or stopped, if not.in motion
" - defects

- windows (up or down}

- extent of damages

- restraint equipment in place
Person(s)

- driver(s) for each involved

. physical defects, if any

. prior accident experience

. alcohol content

. whether using restraint equipment
- passengers and pedestrians

. number
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- members of train crew injured
- for each person(s) involved
age
. sp’ecia}. circumstances
. fatigue factors, if any
sex
. severity of injury
. number of days of work lost

. occupation

o Physical Circumstances

highway approach and quadrant _

- type and location of fixed objects,  if involved, and costs
of repairs or replacement

- audible signals used

- date and time of accident. -

- weather

- distracting elements

- condition of protective device

Data Flow

The highway-rail grade crossing data presenﬂy available comes from
several diverse sources. Figure 1 portrays the existing data flows.

As seen in this figure there ie,a.routine inveetigation of all accidents by
the state or local police, depending upon the respecti.x-re jurisdiction,
These accidents are normally reported to the state hlghway agency or
the state public safety agency Not all acc1dents are reported however,
and it depends upon the particular arrangements in each state as to which

ones are,
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Grade crossing accidents in many states are not afforded special analysis.
Several state agehcies responsible for the collection and handling of

grade crossing accident information restrict their summary reports to
train-car collisions, not inciuding those accidents which occur because

of the existence of the crossing but which do not involve the presence

of a train, A significant factor is this variance in reporting practices
among states, - Thus, as the data flows to the Federal Highway Adminis-
tration, it is extremely difficult, if not presently impossible, to employ

these sources for grade crossing accidents analysis,

State diagnostic teams, usually under guidance of the Federal Bureau of
Public Roads, in several states make a conscientious effort to analyze
the grade crossing environment for potential improvements, They
gather much of the data suggesied above for many crossings in their
states, the crossing inventory being obtained from on-site investigations
and the accident data from police records and special investigations,
Although the information and results of analyses are passed on to the
Federal Highway Administration, at present this source of information
is not sufficient for national planning purposes because only a few states
participate fully in the program. Also each state has different emphasis
and coverage of crossings and each does not especially attempt to co-
ordinate its activities with those prescribed by the Federal Highway -

Administration.

The railroad companies play an important role in the present informa-
tion system. They enumerate grade crossings broadly by type of pro-
tection and report this information to the Interstate Commerce Commission.

There is some duplication and possible omission of crossings, however,
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because of the complex nature of railroad operations and joint usage
and ownership of trackage:. This information is but a first step toward

the completion of a grade crossing inventory.

Railroad companies submit grade crossing accident reports to the Federal
Railroad Administration on report Form T and Supplement to Form T. - .
While most states have adopted the Form ‘T and Supplement for their . -
own information purposes, some states require additional-information
from the railroad companies. Other states have adopted their own.

report forms, which may or may not require more information than the

Federal Form T.

The "T-Form!', though comprehensive in many respects, is deficient .-
for grade crossing analysis for several reasons. First, the criteria

for reporting.a grade crossing accident on Form T are such that not all.
accidents are reportable. An accident is reportable only if one of

three conditions hold: (a) an injury occurs which is disabling for more
than twenty-four hours; {b) a fatality occurs; or {c) the property damage -
to track, equipment and roadbed is greater than $750. Thus, a train-
car collision in which the car is totally destroyed-and the driver is not -
injured is not reported on Form T if minor damage occurs to railroad

equipment.

A reason the grade crossing accident data reported by railroad companies
is deficient for planning purposes is that no cost figures are given for
damages to non-railroad property. Also, the fact that many accidents. -

- result in liability suits or claims against the railroad companies hinders
free disclosure of facts, particularly during the period 'immédiately

following the accident but sometimes even longer,
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In summary; certain sources which have traditionally been involved
with data collection have developed extensive data files, principally

for their own uses. Given the lack of uniformity, the variability and
the lack of:control in the essential elements of the data collection pro-"—
cess, it is clear that much of the inventory and accident data is in-
complete, non-representative, and inaccessible for analysis to guide =

grade crossing investments.

Recommended Data Flow

As a means of providing a usable, reasonably complété information

system, it is recommended that:

® a single, joint committee of the Federal Railroad Adminis-
tration (FRA) and the Federal Highway Administration ‘
(FHWA) assume the responsibility for uniform data collection,

~and

) a thorough, uniform, consistent grade crossing inventory

be accomplished.

At present the DOT Action Group is in the process of'undertaking these’
recommendations. It is.-taking steps to structure a data collection system.
It may recommend that the responsibility for data collection and pro-
cessing be assigned to a single agency, perhaps in the Federal Highway
Administration. Hopefully the following pages will assist in'the speedy
completion of the goal of a national grade crossing inventory and infor-

mation system,

The two recommendations involve many corollaries. The first recom-
mendation involves consideration of the flow of data and methods of data

processing and dissemination, while the second involves the question
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of how the inventory is to be conducted. . Both recommendations involve -

an expenditure. KEstimates of the costs. are given in the next section.

In the -ultimate analysis, most states treat grade crossings on an in--' -
dividual basis and few have an overall prograi‘n with clearly defined
goals. A national program with general goals as established by a joint -
committee would be of great benefit for planning at the national level.
Establishment of goals may also be of benefit to the states: though‘goals
of states will differ even with the existence of national go'als._, Ath‘ei‘r-

goals may be better defined in reference to the national goals.

Central Data Center

It is recommended that a standardized inventory of grade 'cﬁros-sings be
assembled and f)laced in a data stb’fage system for easy retrieval. It

‘is essential that the crossing inventory data be handled in a manner

that will permit high speed direct correlation with accident records data,

a vital link missing today. To accomplish these tasks, a central data

center should be set up. The specific guidelines for the collection of

grade crossing inventory and the accident data should be supplied by the
data center.. A procedure manual, deveioped by the joint committee,

should insure the desired data qualities of a useful inventory system.

Such a system is diagrammed in Figure 2, with arrows showing the
flow of guidelines-and the subsequent information flow. - The inventory
and accident data are combined in one system. Such a system is pre- . -

sently being plan.ned.
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The National Highway Sa"fety Bureau plans to develop a data center, and
it is probable that this center will ‘be able to satisfy all of the Depart-

ment of Transportation's total data processing and handling requirements. |
It may take five or six-,yea‘rs fof the center to become completely opera-
tional. In the meantime, FRA and FHWA should begin the crossing in-
ventory and accident data collectioh according to the data flow suggested
in Figure 2. This effort should slpeed the completion of the data center

and allow the economies of scale of the center to be reaped early for

the grade crossing inventory.

Highway-Rail Grade Crossing Identification

This study has pointed out the need for a grade crossing identification

. system, whereby both t'rain—involvéd and non-train-involved accident
data may be corrolated with the physical featﬁres of a 'crbssing. The
crossing identification code shoullld be abie to (1) uniquely identify a
érossing, (2) provide some general information useful for easy reference

and (3) be acceptable to users of the system.

It is recommended that the following fourteen digit code be used for .

identification:
 Digits © Reference
1-2 ' State
3-6" Railroad Line
T -11 . Mile Post Designation
Co12 - 14 . Highway Number

The first two digits refer to the 50 states, the District of Columbia and

Puerto Rico.
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The next four digits represent the railroad line. For major railroad -
systems the first two digits would identify the name of the railroad and
the next two would identify a particular line, For smaller railroads

the first three digits would identify the name and the fourth would identify

a particular line.

The next five digits represents the mile post designation on the line to
the nearest hundredth of a mile, The railroad lines are to be established
from railroad hub to railroad hub, the originating hub to be designated.
Then the mile post designation would correspond to the mile posts estab-
lished along the railroad line and used on railroad valuation maps, In
those few locations where mile post designations exceed 999 another line
designation would be used to identify the additional mileage (a crossiﬁg

on line' 1 at M. P. 1004. 56 would be designated 20456).

Many railroad companies presently employ some sort of mile post design-
ation system. Their systems should be used to the extent it is feasible. -
However, such a system is not employed by all railroads; more than

one railroad may operate on the same line; and some lines are owned

by non-operating companies. Hence,; it is necessary to design the - .
system compatible with the railroad companies yet one that is complete.
The name of the railroad company may be obtained by reference to a
table look-up; it is not necessary and may be confusing to use initials or
other letters as part of the identification number itself. The final three
digits reference the highway., These t'h‘r;ee digifs may be alphamerie,
They shall designate administrative classeé of highwayé sim‘ilar to the
codes used for internal purposés by many state highway departments. The

highway name and number (as it appears on maps and roadside signs)may be
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obtained by looking it up in a table. Actually, the eleven digits used . =
above will ‘uniqﬁely identify the grade crossing, but.the highway number
is important for easy reference to the appropriate highway system..

Also, ;the three digits reserved for the highway code serve as an inter-.

nal check of consistency for the identification number.

It is essential that this identification number or one similar be.established
in the near future and with wide coverage, because very much of the
future development in the analysis of grade crossing safety depends upon

its estéblishment.

Cost of Collectihg Data

There are approximately 225, 000 crossings in the nation; it is estimated
that only 36 percent of those crossings have a complete inventory. . There
is partial data available at the remaining crossings. The Bureau of
Public Roads has obtained information on the number of states with.com-
plete and partial inventories of crossings, and their inventory forms. .
We n‘eed,tvs}o‘ defiﬁitions as the basis for estima_tes of the cost of collecting

the inventory data.

e The term complete inventory is defined for those crossings

which have most of the required data. The extent of this
data may need to be refined, e. g., in supplying a uniform

method for the identification of the crossing, etc,

‘e The term partial inventory of crossings is defined for those "

crossings which have only a part of the required data. This
partial inventory of the crossings is different in different’

states depending upon the user requirements.

For the purpose of cost estimation, the partial inventories are condensed

into complete inventory equivalents. Ten states have a complete inventory
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of crossings conducted by their highway departments. Three states

have a.complete inventory for all but their urban crossings (outside the
jurisdiction of thé'«stater investigators) which are estimated at 25 per-

cent of their crossi'ngrs. -‘Eleven states have a complete inventory of 25 .
percent of the crossings, supplied by Public Utility Commissions. Finally,
25 states have a 20 percent complete crossing inventory (or its equivalent)
as supplied byrrailroad companies. We base the cost e’stimat-es upon

these 48 states,

It is estimated that to obtain the complete inventory for a single crossing
that presently does not have one, it costs aﬁproximately $44, and that

it will cost $20 per crossing to collect the data for those crossings that -
alreédy have a complete inventory. These costs are primarily labor

costs to visit the sites. The total cost of the initial inventory is estiméted
.at $7. 6 million. (Who is to pay this cost is a matter for the respective

agencies to decide.)

It may not be necessary, however, to thoroughly inventory each and
every crossing. Rather as a suggestion, all crossings should be counted
and categorized, but only a sample of them need to be examined in de-
tail., The size of the sample will determine both the cost of the inventery
and the reliability of the data. Due to the high cost of constructing and
maintaining a complete inventory, the sampling approach should be in-
vestigated before the inventory is begun. The appropriate sampling =

techniques need to be specified.-

Keeping the inventory up to date may require annual or other periodic
reporting of significant changes by the several agencies responsible for .

this information.
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Cost of Additional Information on Grade Crossing Accidents

The most appropriate way of filling gaps in the accident data is to obtain
the collaboration of the various sources; e, g., the state and local
agencies.  With some changes in their data processing, insurance com- .
panies might be able to furnish data on non-railroad property. losses.
But in our calculations below we have taken the present practices of the
insurance industry as fixed, with little or ﬁo input into the information
system, at least for the near future. The cost comes from organizing

the existing data sources, given a workable crossing identification system.

Given the compilation of other crossing data defined above, the first
cost is.to collect and process the data from each of the diverse sources.
For a central computer, one fortran statement (a statement which tells
the computer how to read the data) should suffice for the description of
a crossing accident, 'In the data processing industry, a fortran state-
ment costs between ten and fifteen dollars. The computation cost of

crossing accidents would be somewhere between $37, 000 and $56, 000.

Obtaining the accident cost to non-railroad property would probably -
double the previous figure, making the-total cost for data processing ap-

proximately $100, 000.

The third and most essential part is the coordination of all reporting
efforts, prior to data processing. In our judgment this task should re-
quire initially one man-year for every five states. At a cost of $10, 000

per man-year, this would produce a figure of $100, 000.

The total cost of crossing-accident information is then expected to be -

around $200, 000, This figure represents the initial costs to establish-
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the accident inventory system. The recurring costs should be less,

but how much less depends upon the success of the initial effort..

Inventory Design Concepts - Objectives

For efficient and economical system development, the following require-

ments must be satisfied:
. maximum capability in responding to the system user. |
. capabil_it_;y éf ha.ndliné largé volumes of input dafa. |
° minimum number of files and storage volumes.
®  standardization of data formats.
° quantitative analysis of data accuracies.

. generalized multipurpose programming system.

System development encompasses the design of the Highway-Rail Grade
crossing inventory file and the design of the programming system at the
federal level. There are certain states which have the data facilities
available-and thus have the option to process the data themselves with

the guidanée from the Central Data Center. The Federal computer pro-
gramming Syst‘em should accept the information from all the available
sources of data.  As the data come into the system, they will be mani-
pulated by a set of computer programs. These programs will standardize
the data format and edit the data for consistency and reliability. Data -
processed through a set of éompiler programs is.supplied to all the

various usér agencies.’
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Program Design Specification

To satisfy the requirements of the ‘users, three main types of programs

will be required:

® data file maintenance program
[ retrieval program

. report program

Each of these types of programs is discussed dn a systems level,

The maintenance program system will serve three functions:

. control of the specific routines required in the file maintenance

operatioﬁ.
e file creation

[ file updating

The control function of .the program will be performed by analys‘is of

an input parameter card. Thi‘s,analysis will determine.the type of data
being processed, the specific manipulation required, and the proper
program routines- to handle these tasks. In addition to making this de-
termination, the.control section of the program will call in the parti-
cular. routines required and maintain an effective flow througﬁ the entire
system. The input to the program will be in the form of punched vca‘rds
or magnetic; tape. The output will be a corrected data base on magnetic .
tape or whatever storage device is decided. For file maintenance, the
storage media containing the current data base will also be an input to

the program.



Editing and error checking will be performed to ensure that only valid
records or data are entered into the data base. A listing will be pro-
vided of all records or data found to be in error. When file maintenance
is'being performed, printouts will be made to indicate the following

changes:

™ for additions of a new record, the entire record will be
printedﬂ. l '
® . for the correction of a field, both the old and new contents

of the field will be printed.

® for the deletion of a field or record, the deleted portions - .
will be printed.

] for all actions, a listing of the input parameters will be pro'v“ided.

.The inputs to the data file maintenance programs are as follows: the header
(parameter) card which indicates the type of action to be taken and the
card fypes that contain the grade-érdssing accident and cost information.
A unique identification code will be associated with the records on the’

file. This code has been discussed above.

Outputs of the program will include control and error printouts. The
error and control listings will be made to p_rovide a visual indication
of all actions against the file as well as the necessary information for
error corrections. The updated master file will be in the‘ same format
as that of the input master file. A new master file will always be an

output of the maintenance program.

The retrieval programs will answer special-purpose reguests of data

from the data base (i.e., those requests which cannot be practically
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satisfied by use of the standard reports produced from the file.) The
program must have the capabilities of reading request cards, per-
forming the functions required to edit these requests, searching the
master file for those records which satisfy the criteria, and generating

an answer tape. The answer tape will be input to the report programs.

The report program system will be utilized to prodﬁce the Qétalogués

of the data base and the special reports generated in response ‘to retrieval
requésts. These programs will select the desired data fields to be
printed and control the output format, For -each Sép.araté‘type of output
format,. a different program is needed. The programs should be written
in a standard report progra‘mming fype language. They will be main-

_ tamed ona 11brary tape and will be utilized under control of a s1mp1e
executlve control program, The input to the program will consist of
parameter cards and the previously defined file records. The parameter
card will contam the program request number setup 1nformat10n and
o_thgr n_e_eded Qlements. The executlve routme w111 allow more than one

report to be run at one time.

Software Requirements

Three general points may be made in reference to software:

e There must be language and equipment compatibility across
the present computmg qystems and any proposed computer

conf 1gu ration.
"t

e Programs must be wrltten for 1ndependent utilization of
component parts as well as utrhzatlon within an mtegrated

. system.
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e A modular approach to software development is essential.
This last requirement results in a minimum amount of soft- _
ware modification when additicnal requirements are imposed

on the system.

Summarz

A unified, comprehensive grade crdssing inventory can be deveioped
using the existing data flow as a point of beginning. Complete accident
information may be combined with the proposed inventory information
of crossings to provide a solid basis for decisions to invest in grade
crossing safety installations, It is estimated that a complete inventory
system would cost $7. 6 million to establish and, given that, $200, 000
would be required to obtain the relevant accident data from all the

existing sources,

Some type of inventory system should be accomplished. A joint effort
of FRA and FHWA vested in a single authority (most likely one of the
two agencies) would be the most effective means of accomplishing the
type of inventory system envisioned. ’Since decisions are, among other
things, a function of the quality and availability of information, the
capability to provide timely, accurate information will directly affect

the quality of these decisions.






CHAPTER VII
PROGRAM DEFINITION

INTRODUCTION
The future program recommended as a result of the analysis of the
present program consists of five major components, They are:

e Inventories and Usage

e Economics of Grade Crossing Improvements

® Financing Grade Crossing Improvements

e Research and Development for Grade Crossing Protection

® Demonstration Projects

The following describe the objectives of each program and lists the
projects which coinprise the program. Projects are classified as short-
and long-term with more detailed descriptions for the early projects.

(See Table 22 for the summary tabulation with fiscal year expenditures.)

PROGRAM GOALS

The program goals are developed for the next five-year period (fiscal
years 1970, 1971, 1972, 1973 and 1974), They are not listed in priority

order since they are regarded as equal,

¢ Reduce grade crossing accidents by 25 percent. This is in
keeping with a long-range goal of reducing accidents by fifty

percent.

® Develop devices for the reduction of accidents at rail-highway

grade crossings with low vehicle and train volumes,
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TABLE 22
ESTIMATED PROJECT COSTS (IN THOUSANDS) FOR EACH YEAR

FISCAL YEARS
PROGRAMS AND PROJECTS 1969 1970 1971 197z 1973 1974 BEYOND

INVENTORIES AND USAGE

Upgrading the Estimaie 25 5 5 5 5

Functional Classification of Railroads 25 -

Uniform Inventory Procecdures 30

Re-inventory Crossings i ) FHWA FHWA . FHWA FHWA

ECONOMICS OF GRADE CROSSINGS
AND SEPARATIONS

Economics of Grade Crossing Devices 40
Computer Programs ) 20 :
Inventory Data Research 50 25 25 25
Economics of Grade Separation 70 .70
Systems Approach to Grade Crossing Imp. : 80
Economics of Signal Actuating Devices 35
RESEARCH AND DEVELOPMENT
Models of Dynamics of Grade Crossings FHWA FHWA FHWA TTHWA . FHWA FHWA FHWA
Human Factors ) 275 300 300
More Effective Treatment of Low Hazard
Crossings ] : - :
Sign Testing FHWA FHWA FHWA FHWA FHWA . FHWA FHWA
Audibility and Visibility 100 50
Sight Distance 25 60
Detection Equipment : 50 100 150 200 200
New Low Cost Devices 10 100 100 .

CAPITAL IMPROVEMENTS

Federal Aid Systems FHWA FHWA FHWA FHWA FHWA FHWA
Non-Federal Aid Systems o - 50,000 50, 000 50, 000 50, 000 50, 000
Demonsiration Projects 20, 000 -20, 000 20, 000 20, 000 20, 000
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e Complete an accurate inventory record of all grade crossings,
record of accidents at grade crossings and summary of costs

for use in policy formulation,

e Generate improved cost and benefit information as a basis for

selecting improvement projects of merit (by Fiscal 1971).

.o Emphasize improvements at all crossings with two or more .

mainline tracks.

® Conduct demonstration projects in selected communities
with the objective of eiimihating unnecessary croé_'sings and
providing protection for all crossings which are alléwed to

remain.

INVENTORIES AND USAGE

Objectives

The-objectivé of this program is to establish an accurate,” comprehensive
base of information which describes the physical location and character

of rail-highway crossings.

Although inventories are now available for crossings on the Federal Aid
System, only partial information is available for those on local roads
and streets where 8‘0‘ percent of the total are located. The type of
crossing, the type of hi,gh\i;iay in both functional aﬁd administrative terms
and the type of railroad shvoﬁldlb'e known, The humber_ of railroad move-
ments and the {rolume of vehicle 'trafflic over each c‘roslsing are essential

items.
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Purgose

The purpose is to provide information for planning and for measuring
progress over the years. This information is needed at all administra-
tive levels, local, state and fédergl. It must be }miformr in content

and coverage, While the collection and updating is properly a local

or state responsibility, there is also a substantial federal interest, and
in the interest of uniform definitions and methods, there should be a |

federal contribution to the program.

One of the ingredients of the inventory is the classification of railroads
by function. No fixed procedﬁre has been developed for classifying |
railroad lines; therefore, an early project in this progr'arh would estab-
lish such a method,

The specific projects included in this are:

Closing the Estimate

The objective of this project is to develop the best possible information
on grade crossing inventory for interim planning purposes. The

Bureau of Public Roads has obtained from most highway departments
inventories or estimates of the number of crossings by administrative rv
system. These would be c;oliected and the actual inventory information
would be pﬁ_t into a.common format for tabulation in thé mar;nef developed
in this Program Analysis, As. new inventories become available, they
could be added to the base data, Estimates could be maqe of the number;
of crossings not fully inventoried and by this technique more precise |
information could be used for planning purposes, The individual tasks

are as follows:
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Task 1 - Assemble inventory data from individual State Highway

Departments,

Task 2 - Reformat all informafcion to a common base,

Task 3 - Develop expansion factors using the best available
estimates of control totals for the number of crossings on different

systems, in urban and rural ‘areas and with different'.types' of ~ ~

protection.

Task 4 - Expand the sample and tabulate by crossing characteristics,

and systems.

Task 5 - Make revised estimates of the number of cfossings war-

ranting improvement.

Task 6 - Update each six months as new estimates, inventories -

and reports of changes become available,

Tasks one through five are estimated to cost $25, 000, Task six is

estimated to cost $5, 000 per year.

Methods for Functional Classification of Railroads

The objective of this prdjéct‘iS'td develop a method for describing rail--
road lines accdrding to the function they serve. The reason for doing -
this is to determine whether there are spe?cific systems where grade
crossing improvements would produce significant benefits in terms of -
increased 6'f>érational 'efficie'nrcy‘.‘ A éompanion study on railroad "operati.ng
costs would p’jr"o{ride cost information which could be used to estimate "}

potential benefits.
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This project should be undertaken jointly with the operating railrbéd

companies. The tasks involved are:
Task 1 - Develop alternative descriptions of functional types.

Task 2 - Take selected examples of railroad lines and apply the

definitions as a test to determine their"appropriateness.

Task 3 - Select the most appropriate definitions and test them- by
attempting to classify rail lines from data regularly submitted
by the railroad companies in reports to state and federal regulatory

commissions.

Task 4 - Describe the changes in reports which would be required

to make and update classified inventories of the railroad system.

“Task 5 - Select the best classification system and develop a manual

of definitions and methods for its application.

The cost of this project should not be very lérge, depending on the degree
6f'pafticipatidn by thé railroad operating éompanies. The use of an

advisory committee to guide thé study, provide example material’e,md
estimates should not involve additional costs. Total cost is estimated

to be $25, 000,

Uniform Inventory Procedures

The Problem. - Recent réil—highwéy grade crossing inventories by

several states have revealed significant differences from the number of
crossings thought to exist there., The number of crossings by type of
protection and type of road is essential for planning, for measuring

changes in conditions, and for determining performance,



Inventories are essentially state and local functions. However, uni-. -

formity of data or compatibility, as a minimurn, is necessary for:

national statistics,

The project would develop procedures for making uniform inventories

and for converting existing inventories to a uniform format. .

Project Objectives. - The objectives of this project are:

- To develop methods of umform inventories of rail hlghway grade

crossmgs in all states.

- To develop a method for uniquely identifying every rail-highway

. grade crossing.

- To prepare an inventory manual for use by states, cities, counties,

and rail operating company personnel describing the techniques.

Related Activities, - This project is part of a coordinated program

for securing comprehenswe accurate 1nventory mforrnatlon Other pro-
jects in the program include the functlonal classﬁlcatlon of hlghways and
completlon of all mventorles Reportmg of grade crossings by the rail-
road Operatmg compames also prov1de mformatlon which is valuable

in verlfymg a.nd updating inventory 1nformat10n

Task Description

Following are the tasks which will be required:
e Develop a grade crossing identification system.,
® - Analyze existing inventory data and identify inconsistencies

. and gaps in data. - Two of these are.in the definition of sight

distance and the manmner of recording it.
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] Develep new procedures to correct inconsistencies.
® Develop procedures to collect missing information.

® Develop procedures for field identification of crossings in

accordance with Task 1 above.
¢ Develop up-date methods to maintain inventories.

® . Prepare an inventory manual for use by all jurisdictions for

- -the purpose of up-dating all inventories.

L Preparé estimates of the cost for collecting and up-dating
inventory data. These estimates should take into account
the existing status of inventories in various states and should

identify the expenditures required by states, counties and cities,

The estimated cost oi this project is $30, 000,
THE ECONOMICS OF GRADE CROSSINGS

"Economics of Grade Crossing Protective Devices

The Problem. - Lack of much site-specific information, wide—spréad .

misundérstanding of the elements involved, and the absence of informa-
tion fegarding techniques of economic analysis have all obstructed
effective research in the economics of protective devices. It is hoped
that the present study is a step in the right direction regarding the
techrﬁqﬁes' of analysis, and that an on-going inventory system may pro-
vide the much-needed site-specific accident and environmental informa-
‘tion. If the inventory system is to be useful, the on-going research is

needed,

Objectives. - The purpose of this project is to accumulate and use more
reliable data for all elements of grade crossing operation and improvement,

and to refine the techniques of economic analysis to this particular application.
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For the inventor_'y research, the dafa ‘sh:o‘uld be examined in its disagv-
gregated form, by states and regioris, since this disaggregation will

supply vital information. Before the inventory data is gathered, how-
ever, a‘co'mputer program should be gonstruqted that will process the

data and examine the warrants and priorities in this disaggregated form.

Related Efforts. - There have been several studies on the economics

of grade crossings, and each one, including the present study, does not
pretend to be "the" definitive study. This study has pointed out that
perhaps the Poisson model should be carried to its logical conclusion
as a method of predicting accidents at grade crossings, but it may not
be worthwhile to do this until more accident and crossing inventory
data becomes available, The methods of analysis of previous studies,

as indicated in the text, are open to quesltion and/or refinement.

Components and Quiputs of the Study. - The study may be cbﬁveniently

divided into three components, model development, compufer programming

and inventory data research.

- Model Development - The specification of a model of how the

data is to be utilized and the relationships among variables re-
quired to derive warrants and priorities, on a disaggrégated

basgis, must be spelled out so thatrwhetn.t.he data becpmes avail-
able, lthe data processing will not create a crisis situation. The

| modelld'elvelopment may include an investigation into alternative
forms of the accident prediction equations, either by using existing
data or by forrriulating hypotheses to be tested by the inventory
data, or both.

The output of the model is a plan,to‘utilize, the expected inventory

" data. The plan should be computerized.
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- Computer Program - The computer program should be developed

and tested on simulated data in anticipation of the large amount

of data processing involved using the expecte‘d‘inv,entory: dettat. The
program should translate the data from eech of the variozus Sources
and display i_t in convenient,‘ summary fashion for executive re-
view, as well as converting the data into proper forrh for the

necessary research.

- Inventory Data Research.- - A necessary adjunct to the implementa-

~tion of the information system is the establishment of an on-going

research effort to make use of the new informatioﬁia's' it is generated,
It may be on-going only in the sense of an ‘ar‘m.ulal exefcise when
new annual data becomes available, With an efficient and .encom-
passmg information system, it is envisioned that this t'as‘k could

: and should begln with the very first set of data obtalned The re-
search is expected to interact w1th the information system to

-ass1st in the 1og1ca1 evolutmn of the information system

PhaSing. - The rhodel ‘developrﬁent isi a task for the short- run, as well
as the computer programming; so that full advantagée of the inventory
system may be had. The inventory data research is, of.course, inter-

mediate and long-range in scope,

Effort. - .The following are estimates of the man-months of effort en-

visioned for the three separate tasks:
= Mcdel‘ Development, 10-13 man-months, -‘d-epeltdjing upon the scope;
- Cotﬂputef Pr'ograndr:ning ‘and Testing: 3-5 man-months;
- Inventory Data Research Inltlsl research w1th flrstvhatch of data,

10- 13 man- months on- gomg research one-man, one half time,

belng seasonal
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" The Economics of Grade Separation, o

. The Prebl'em'l “= Th1s study is to determme those cond1t10ns under

‘whlch grade separatmns are economically ]U.Stlfled The cond1t1ons
should be shown with concrete examples, or demonstration projects,
such as in the Northeast Corridor, It may be relevant to examine

the British and the Japanese experience, -

The study should account for the following benefits and costs:

- Accident Costs - The accident costs at structures need to be

compared with the accident costs at grade crossings with the

next best alternative protective device.

- Delay Costs - Grade separations eliminate delay entirely.

This should be compared with the next best alternative, so the
delay costs for the next best alternative must be calculated,
These delay costs include bqth motor vehicle operation costs
and driver delays, when either stopping‘for atrain or slewing
| ‘at the’ crossmg In special locations, such as sw1tchmg yards

the delay to the train may also be a factor

- Operating Costs - Grade separations normally have a highway

gradient which causes excess costs for the vehicle as opposed
to a flat grade, These costs must be compared with the vehicle
operatix;gcosts of slowing at the crossing if it were protected

‘with active or passive devices.

- Costs of Separations - Because of the wide range of costs of

constructing grade separations - ranging from $200 000 to over
$2 million - an explanatlon o:f the variance is necessary to avoid.
applymg average flgures to crossmg s1tuat10ns when the average
figures have little s1gn1f1cance. For mstance, an urban versus

a rural iocation, topographical condition, and the railroad and
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highway functional use would vitally affect meaningful estimates

of grade. s_eparation costs.

- --Land Development - It is very likely that even though grade

- s'eparatio'ns- may occupy more land than other protective devices,
they may increase the number of alternative uses of land.in the
neighborhood, thus possibly producing a positive net benefit.

The magnitude of this benefit should be estimated.

Chjective of the Study.- This study has as its objective the compilation’

of a comprehensive fact book that will be useful for planning invéstments
for grade separations. The situations under which gr'ade"separafions"i
are warranted will be made explicit in parameter form, so that judg-
ments as to warrants may be made site-specific, with the. parameters

varying due fo differences in measurements and costs of the various sites,

Related E'fforfs - "A study on the economics of grede separation appears

necessary because of the 1nadequate treatment glven to it in the literature.

Also, there has been a systems approach,

The Newnar study, l/ which is one of the few studies on the economics -
of grade separation," concluded that grade separations are usually not .
economically justified, - This conclusion may be challenged upon.a -
number of grounds, but perhaps the most cogent is that it'shows grade:
separadtions to be uneconomical for the average crossing. - But it is

the sbove"aver'ageefossing,‘ with high-average daily vehicle and train

by Newnan, Donald G., An Economic Analysis of Railway Grade Crossings
on the California State Highway System Stanford TUniversity, Report
EEP 16, June 1965. : Lo ,
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traffic, at which one would expect the benefits to approach or exceed
the costs of,grade‘ separatiolns_;. | For the research of grade separation
economics, the apprl'o;-aria't‘e question that should be answered is, what
are the conditions under which grade separations are e.corllomig‘ally

justified.

The Tirrell _stud'y',‘l/ ,‘alithough focusing explicitly on grade separations,
was confined to one crossing situation, Also, this study may be
questionable on a number of methodological considerations. It repre-
sents, however, a pioneering attempt to empldy the kinds of factors

relevant for the gfade separation decision,

One study indicated that accidents on bridges are extremely high as
compared to other sections of the highway.gf This hypothesis should
be investigated in a systematic and thorough way, since that studSr
focused on but a few bridges in the State of Ohio, and may have dealt

with only those of rather narrow width,

Users of the Fact Book. - It is envisioned that the fact book will be cap-

able of indicating whether separations are warranted on an individual
basis, rI;hus, the parameters must be inclusive enough to allow any
specific site to be evaiuated. Anyone contemplating construction of a
separation, then, should be. able to use this fact book. Menﬂber_s of
the Federal Railroad Administration, the Highway Research Board, or

state regulatory agencies may emﬁloy this fact book as they deem fit.

Y op. cit,

-%/See Harold Keiser, '"Traffic Accidents on Highway Bridges on Rural
State Highways in Ohio, " Highway Engineering Conference, Ohio State
University, Proceedings 10, November 1956, pp. 119-24. |
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Tasks and Required Effort, -~ The following are; the basic components,

or substudies, that appear to be required:

- Task 1 - Develop accident cost data pertammg to grade separatlons.

‘ Expected 1eve1 of effort: 3 to 6 man=-months,

- Task 2 - Examme the costs of Separatlons usmg elther engl-
neerlng data or a study of past bldS to derwe those condltlons

Wthh cause the costs to vary Expected effort 4 6 man months

- Task.3 - Development of shipping impacts for highw_ay users . .-
of a change in speed (or delay). . This entails following the re-
..commendations given in Chapter V. Expected-effort: 4-5 man-

months.

- Task 4 - A land development study to find the ret value of.
- neighboring land as ohanged by a grade separation structure.

Expected effort: 5-8 man-months.

- Task 5 - Development of the Fact Book for individual grade

‘crossings, with examples. Expected effort: 8-9 man-months,

Systems Approach to Grade Crossing Ihiprovemerifs

A systems approach analyzes the economics of grade crossing improve-
ments for a system of crossings along a glven rallroad 11ne It examlnes
I_the potentlal benefd:s and costs of 1mprov1ng, possubly closmg, crossmgs

in the system

An example would be a ra11road 11ne passmg through a small town where
there are three crossmgs each presently protected by crossbucks

Each crossing may be considered to be in need of improvement, but the
cost of effectlve 1mprovement is not Just1f1ed by the estimated benefits

at one crossing alone. However some 1mprovements may be warranted
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when all three ‘are"cc'msidered together. Assume that the crossings -

are close together and that a suggested systems approach is to close
two crossmgs and unprove the remammg one, for example, by mstallmg
automatic gates or a grade separation; In such a case the delay and
motor vehicle operation costs may be increased sligntly, but there may
also be a reduction in the number of grade crossing accidents because
traffic is now traveling through the protected crossing. With a separation R
the total delay time may ‘even be"redu_ced.- Further, .benefits niay _accrue
to the railroad in the‘-f‘or‘r‘n of an inereased legal operating speed or in--
creased operational fr‘eedOm, ‘All t]tese benefits may justify the im-
prlovement to the one crossing, The basic problem, as bfought out by
this illustration, is to specify the costs and benefits. A set of guides

should be developed, specifying details of the followmg items:

[ The expected delay patterns for motor vehtcles and their

consequent costs,

. The reduction in accidents and their costs.

] The changes in land value resulting from grade separation
‘ and closing crossings.

. The benefits accruiné to the. railroad.

These four items beconlelthe tasks, then, in the systems approach, It

is estimated that the effort for the first task may range from 3 to 5 man-
months; the second, 2 to 4 man-months; the third, 3 to 5 man-months;
and for the latter, 10 to‘ 12 man-months. The fourth task is difficult,

since it must encompass all the steps noted in Appendlx B.
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The successful application of the systeéms approack requires the de- -
monstration that the results ‘achieved by analyzing a systems of crossings
cannot be achieved by analyzing each crossing ‘separately, Only then
may local jurisdictions be willing to close one or a few crossings for-
the sake -of overall improvement. It must be made ‘clear, -in applying
this approach, that the entire systerh is to be completed ‘as planned;”
otherwise, the improvemernts are not warrantéd and should not be
initiated (based upon the economic considerations), and agreemeénts may
have to be made to that effect before initiation of the changes. If non-
economic factors are to interfere, and possibly dominate, the systems
approach based upon economics alone should not be undertaken for a

given locale.

Economics of Signal Actuating Devices

Signal actuating devices control the operation of automatic gates and
flashing light signals at grade crossings upon the approach of a'-t'rain.‘
Rather than having the crossmg protective dev1ce actlvated only when

the train is at a single, fixed distance from the crossmg, as is typlcally
the case today, automatic predictor devices account for the speed of
the traln and the distance of the train frorn the crossmg, and start the
protectwe dev1ces at a reasonably ‘uniform time in advance of the

:traln movement over the crossmg, regardless of ‘the: speed of the train
so that while adequate advance warnlng is glven, total motor veh1c1e '
delay time is reduced. Other ty‘pes of c1rcu1try controls may be 1nstalled
to prevent unnecessary 51gna1 operatmn durmg sw1tch1ng movements “-'

or sn‘nllar traln act1v1ty not constltutlng stralght through movements
The problem is to determme the cond1t1ons under Whlch these control

devices are warranted. The solutlon to thlS problerl 1nvolves two
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factors: ‘coﬁsideratioh of the'desirabﬂity of maintaining the integrity

- of the protect1ve installations by ehmlnatmg the motorlsts dlsregard
for its warnmgs when they are frequently false; and the economic con-
siderations of the .costs of the devices and the value of the delay time
of motorists, The problem is to determine, firsfc, whether any of the
more sophisticated devices are economically warranted over the
standard actuating device and, seoond, if so, which one is warranted

" under which cenditions,

The study would investigate the rather special circumstances of cross-
ings at or ne'ar switching yards and industrial plants and at junctions
of spur and mainline tracks. The study will require special data,olnl
possible delay pafterns; perhaps Iobtained by physical measurements

and observations taken from a sample of actual locations, -
Expected effort: 5-9 man-months,
‘RESEARCH AND DEVELOPMENT

Long Term Basic Studies Prograrn

The purpose of this program is to develop basic pr1nc1p1es about be-
havior at ra11 hlghway grade crossmgs. The results of the studies will
be used in five to ten years to prov:.de solut1ons whlch cannot now be

- foreseen, There are two 1mportant sub-programs

Models of the Dynamlcs of Crossmg Conﬂ:.cts - This work is already

underway in the Federal Highway ‘Administration and should be continued.
Costs and SChedules for the work were not developed in thls study but

are ava11ab1e from the Bureau of Pubhc Roads.
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The purpose of that program is the development of-a model of the
crossing situations so that any crossing can be studied in detail and
changes in certain factors can be readily Svaluated, This‘iiv‘illl"p‘ér"fnitr '
much greater flex1b111ty in approaches and the pre testlng of alterna— ‘

tive solutions once the model is fully operatlonal

Studies of Human Factors Related to the Operation of Motor Vehicles

Across Rail-Highway Crossings, - The purpose of this program is to

develop facts with respect to the behavior, ‘capabilities and limitations

of drivers. The program ‘Will consist of:

- A study deSLgn to develop prec1se study plans for each of the

f ollowm g

A study of driver vision, surveillance and monitoring.

A study of driver response times and accuracy of perception of

complex problems.

A study of driver solutions to the impending conflict probléms.

A total:of five years should be allowed for completion-of this program
with $1,000, 000 allotted for funding. Initial funding of $75, 000 in

- fiscal 1970 for t_he study design will be required. _T:he- results of that
study may result in upward or do‘wnwafd revision of the total funds’

required and will provide fiscal year allocations for the total program,

Near Term, Early Payoff Projects

The purpose of this program is to d,evelopvea‘rly‘ solutions to. éomé of
the more critical problems with high probability of early results, parti-

cularly with respect to the reduction of accidents.. -
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Improved Dev1ces for Lower Pr10r1 ity Crossmgs - The purpose of

this program is to improve old or deveIOp new, dewces for crossmgs
4w1th low train- vehicle volumes These seem to constitute about 70
percent of all the crossmgs in the country and are the scene of about
25 percent of all the acc1dvents.._ Conventmna_l dev1ces suph as flashing
| lights and automatic‘:ga‘tes. are"too costly for such crossings. There-

fore, less costly devices must be developed.

. The total program consists of three projects:

- Testing Alternative Signs and Passive (Non-automatic) Devices -

The purpose of this project is to determine the effectiveness of
new signs which give more precise and explicit information

about rail-highway grade crossings. Some of this testing is
already undé‘rwaj and is beir'lg done by State Highrvay Departments
in corporation with the Bureau'of Public Roads, The program

| should be coﬁtinued and carefully monitored to assure reporting

of results

- Improvmg the Audibility and V1.51b111’c5r of Trains - The purpose

of this project is to develop realistic measures of the visibility
and audibility of trains and to develop ways to improve those
characteristics. The project is already underway with fiscal year

1969 funds. -

- Investigating the Effect of Sight Distance at Rail-Highway Grade

Crossings - ‘The purpose of this project is to determine the
effect of sight distance on accidents, -'Previou-sstudies have been
hampered by the lack of appropriate information on sight distance.
This study would collect specific informat;lon and through the use

of time-space relationships like those developed in Report‘ NCHRP
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50 develop safe approach speeds for highway vehicles. ~Based
on these factors and the historical accident records of selected
crossings, the relationship between sight distance and frequency

of accident occurrence would be developed.

The results of this study would be used to specify invéntory
procedures and to determine the costs which are warranted for
the removal of sight obstructions. The study is closely related

to the project on audibility and visibility.
CAPITAL IMPROVEMENTS

It was estimated that there are over 30, 000 existing crossings where
improvements would produce benefits in excess of costs. Many of these
crossings could be financed from current federal aid apportionments

but those on roads and streets not eligible for federal aid must be finan-
ced from current local and private sources, This recommended program
would make federal funds available for such improvements. The need

is not limited to existing crossings. New crossings are lk"equ.ired due

to the construction of new roads and streets and to relocations of old
roads. Past expenditures of federal aid funds were often related to

such new needs.

The recommended level of funding is $50 million per year. This amount
with modest local and private matching would provide .about $300 million
dollars over the next five years. This together with federal aid highway

funds should be adequate to meet most of the urgent needs,
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URBAN DEMONSTRATION PROJECTS

The purpose of this recommended program is to undertake significant
improvement projects which include grade separation of major crossings,
automatic gates and flashing light signals and crossing closures to pro-
duce benefits in train and motor vehicle operation, as well as accident

reductions.

These projects would essentially be applied to rail lines througha

city or a defined corridor through an urbanized area.

They would include data collection and evaluation to determine the actual
costs and benefits realized. The amount of funds which could be pro-
ductively spent for such projects is difficult to estimate, However,
assuming that several should be undertaken to cover different types of
situations and that a single grade separation might cost $1, 000, 000 or
more, it is estimated that up to $20, 000, 000 could be spent annﬁally

for this purpose.

The projects should probably be on a scale of five to ten million dollars

each to have significant impact on an area.

Each project should include some closing of crossvings and the analysis
of the project should include the techniques used to close and keep
them closed. Guarantees that no new grade crossings will be opened
nor old ones re-opened must be obtained to assure that anticipated

benefits will, in fact, be realized.



APPENDIX A

GRADE CROSSING ACCIDENT FACTORS

A, INTRODUCTION

1. Accident Environment

Accidents are an inherent danger of the highway-rail grade crossing en-
vironment. The various grade crossing safety installations have as their
major purpose a decrease in the number of accidents as well as a possible
reduction in their severity. This appendix derives the accident cost
factors employed in the present study and suggests future developments

in improving the prediction of such costs.

It may be useful in an analysis of how to effectively prevent accidents to
establish a separate category for the train-involved accidents and for the
non-train-involved accidents, because different means of preventing each
type of accident may then be tried and tested separately for their effective-
ness. For the purposes of this study, we shall first derive an average

cost per train-involved accident and an average cost per non-train-involved
accident, and then examine for each of these categories how the frequency
of accidenis varies over the different types of safety installations. Combin-
ing these two gives accident costs at particular types of crossings having
various protective devices, a major corﬁponent in determining warrants and

priorities,

Ideally, the cost data on grade crossing accidents should come from grade
crossing accident experience, not from observations of highway accidents
in general, However, the generation of the ideal data remains to be -

accomplished by an on-going information sysiem for grade brossings, since
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the data presently available is scanty and reliance has been placed, to

some extent, on highway accident experience.

2. Monetary Evaluation

The accidents prevented by safety installations are benefits that should
properly be evaluated in monetary terms. If not, then there remains an
unavoidable ambiguity as to which installation for a given crossing is
-warranted or most cost effective, since the various effectiveness measures,
such as the reduction in the number of persons killed, the reduction in the
number injured, and the reduction of accidents at crossings, cannot be
related to one another by a common denominator. Money value is an
appropriate common denominator. Unfortunately, some values are not as
accurate as we would like them to be, and there remains an ambiguity as
to which value to assume for the value of life, for instance, or for pain
and suffering., However, by using the latest theoretical and empirical
developments, we may, in a sense, approximate these values. Further-
more, we may test the sensitivity of the results to changes in these values.

This should be done at a later date.

3. Definitions and Components

Most of the previous studiesl/ consider cost of accidents in two groups:
direct and indirect costs. According to a 1949 formula of the Highway
Research Board, direct costs are defined as the sum of damage to

property, medical and legal expenses, and the value of work time lost.

1/

=’ See, for example, Department of Public Works & Buildings, State of
1llinois, ''Cost of Motor Vehicle Accidents to Illinois Motorists, ' and
R. N. Smith and T. N. Tamburri, "Direct Costs of California State
Highway Accidents, ' Traffic Department, State of California.



The main item which constitutes indirect costs is the expected earnings: of
persons permanently eliminated from the labor force because of death or

total disability.

Mcost of the indirect or external costs of an accident are intangible in
character. Human suffering involved is the salient example. Time lost

by the users of railway and highway at the time of an accident can also be
included in this category. bome attempts in the wrong direction have been
made to measure these intangible costs, TFor example, a number of studies
include in their computation compensations and damages awarded by the
courts, which are very inaccurate measures of the psychological suffering
involved., In most cases,; the payments amount to pure transfers from one
individual to another, and their inclusion in the cost of society is an
exaggeration. It is very conceivable that the legally responsible party

suffers psychologically as much as the innocent!

There is no substantive way to assign dollar values to pain and suffering;.
hence, it was left out of our analysis. The value of life, however, may
be measured economically to provide a minimum value to the loss of a
human being, We are leaving out of our analysis the cost of time delay
when an accident occurs, because we have only fragmentary evidence on

it at this time, but this should be included at a later date.

The components or categories of accident costs that we shall use are work
time lost (because of permanent disability or because of death}, medical

1
and hospital costs, property damages, —/ and the administration expenses

of accident insurance. The latter is included because any amount paid to

~

1/

=’ We have not accounted for damages to the protective devices at the
crossings, but this should be developed in the future.

1



insurance companies in excess of the loss of traffic accidents is a diver-
sion of administrative talent, which is directly attributable to the accident
environment.

B. COST PER ACCIDENT

1. Economic Value of Life

Numerous studies have estimated the economic value of life under a
diversity of concepts. It is not the purpose of this study to reconcile all
the concepts that have been used to obtain the diversity of estimates
presentily in existence. We shall select and apply one such concept which
we feel is realistic and defensible. Other researchers may substitute

other values, if desired,

It is important that some finite value be assigned to life. If it is decided
not to incorporate the value of life in the benefit-cost calculations, then
the investment decisions thus obtained may'very well be different from
decisions obtained while using a value of life. Since all benefits are not
accounted for and the value of life may be a sizeable benefit, the cost-
benefit calculation that does occur is simply a waste of time, Likewise,
if the value of a life is infinite, then the .cost-benefit calculafion is not
necessary, since the decision then should be to eliminate all grade cross-
ings by whatever means appropriate, Hence a finite value of life should
be used; otherwise, the cost-benefit calculation is both unnecessary and

devoid of meaning,

The precise value of life used in a cost-benefit study is important. One
can easily imagine that at a given crossing, for two given protective
devices, there will be a certain value of life so that below it one device

is warranted, yet above it, the other is warranted. Given many crossings
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and many different devices, a change in the assigned. value of life of
25 percent, -for instance, may change the selection of the warranted |
device at 5 percent of the warranted crossings. [t may be worth the.

effort to verify this statement at a later date in a'sensitivity analysis.

Only one value of life was used in this study. It is derived from the cal-

culation of the discounted expected lifetime earnings,

a. Lifetime Earnings Concept

Two basic approaches to valuing human life have been advanced — the
utility approach and the product approach. The utility approach attempts
to measure the value of the utility foregoing upon death, Schelling's
approach is essentially a utility approach whereby, from the point of view
of the individual, the value of life may be indicated by the amount a
person would pay to prolong his life. 1/ As indicated by Gary Fromm, many
practical and theoretical difficulties prohibit the use of Schelling's ap-
proach. 2/ Likewise, the utility approach of Michael Jones-l.ee is based
on many assumptions (such as diminishing marginal utility of income)

so that his method has limitations in its theoretical as well as its
practical applications, §-/ Fromm's own method is the utility

approach carried to its logical end. i/ The monetary worth

—1-/ Schelling, Thomas C., "The Life You Save May Be Your Own,' in

Problems in Public Expenditure Analysis, Washington; Brookings
Institution, 1966, pp. 127-62,

-%/Fromm, Gary, "'Comments' on Schelling's paper; Ibid., pp. 166-176.

8/ See Michael Jones-Lee, "Valuation of Reduction in Prohability of
Death by Road Accident,' Journal of Transport FEconomics and Pohcy
January 1969, pp. 37-47.

Fromm, Gary, Economic Criteria for Federal Aviation Agency Expendi-
tures, Federal Aviation Agency, Final Report, June 1962, pp. VI20-22,
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of a person is the summation of the values the deceased represents to
himself, his family, the community, his employer, the Government, and
the agency responsible for the accident investigation. His calculations
are, for the most part, admittedly arbitrary., For this reason alone —
that it requires assignment of monetary values to utility in an arbitrary

way — we have avoided the utility approach in this study.

The "product’’ approach values life as the discounted sum of the socially
valuable output a person produces in his lifetime, Assuming no exploitation
of workers and full employment, this output may be measured by the wages

earned, l/

One school of thought uses net earnings, while the other uses gross
earnings in calculating the economic value of life, The net ‘concept values
only those earnings saved affter consumption by the person. But it is the
purpose of savings to provide for future consumption, albeit for different
members of society than the deceased person, Thus the net earnings
concept focuses only on future, and ignores present, consumption. On
the other hand, gross earnings focuses on both present and future con-
sumption. For that reason, and because we are a consumption-oriented
society, in this study we have used the gross earnings concept as the

basis for the economic valuation of human lives,

b. The Valuation .

Gross lifetime earnings have been tabulated on a national basis according

i/ The condition of no exploitation ensures that the worker is paid the value

of his marginal product. Without the assumption of full employment, if
a person dies, his output may be produced by a person replacing him who
was formerly unemployed; hence, there is only the loss of the transition
according to the product approach. However, unemployment may be of
the structural type, whence the replacement does have an opportunity
cost even in the presence of measured unemployment,
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. 1 .
to age, sex, color, and education. —./ For reasons given elsewhere, we
used a national average, not regional or state averages., These values
have been used for a number of studies by HEW, so their use by the FRA

. : : : 2
is not unusual and makes for uniformity among government agencies. —

Under the Rice-Cooper tables, we estimate the average expected loss from
a death in a railroad crossing accident for 1964 as $86, 000, -3:/ The method
of calculation is as follows: Regrouping the Rice-Cooper age groups
slightly, an expected loss of earnings for both males and females may be
estimated by multiplying the discounted earnings figures of Rice and '
Cooper by the distribution of age of the driver in vehicle-train accidents, 4/
(Most properly, the latter distribution should be the age distribution of

those killed at railroad grade crossings, for train as well as non-~train-

involved accidents. Those distributions are not available at this time and

1/

—' Dorothy P. Rice and Barbara S, Cooper, ''"The Economic Value of
Human Life," American Journal of Public Health, Vol, 57, No. 11
{(November 1967), pp. 1965-66.

2/ For examples of the use of the gross earnings concept by HEW, see

their Disease Control Programs publications, Health Economic Series

No, 6, as follows:

"Arthritis, " September 1966

"Selected Disease Control Programs,' September 1966 .
"Motor Vehicle Injury Prevention Programs,'' August 1966
"Cancer, " October 1966

"Estimating the Cost of lllness’

2/ The value of $20, 000 used in NCHRP 50 is derived from the American
Association of State Highway Officials, Road User Benefit Analysis for
Highway Improvements, 1960, p. 143, The values on that page of the
AASHO report are for three age brackets and for males and females,
and from their low order of magnitude, appear to be derived from a
net earnings concept, although it is not indicated how the figures were
derived.

g/ Op. cit., p. 7, Table 1.



1

are part of the "information gap,') The expected loss for males is
‘approximately $93, 000 each, and for -females, $57,000. It has been esti-
mated that 82 percent of the drivers in vehicle-train accidents were
males, while 18 percent were females, i/ {More appropriately, we should
use males killed versus females killed at crossings.) Thus an appfoxima-
tion of the expected minimum loss to society of a person killed at

highway-rail grade crossings is $86, 000 (as of 1964).
Assuming the 11 percent growth in the value of earnings for the period
1964 through 1967, as does the National Safety Council, E/ this figure is

updated to 1967 as $95, 288.

2. Opportunity Cost Concept

The real cost of accidents is the total opportunity cost of economic
resources either destroyed or diverted by accidents. . If we assume

' near-perfect markets, the scarcity price of these factors may be taken as

l/ Ibid., p. 7, Table 3.

2/ In R. W. Hooker, " Traffic Accident Costs and Effectiveness of High~

way Safety Expenditures in Wyoming,' 1968, Appendix D, the NSC
estimates of the value of human life are $30, 685 for 1964 and $34, 068
for 1967. On the other hand, for the same cost component we have a
1964 estimate of $86, 000. Assuming the growth factor which applies
in our figures is the same as the NSC estimates, we have:

34,068 = . x

30,685 86,000 or
i (34,068) . _ .. ‘
x = 86,000 x (30, 585) 95, 288 dollars



their approximate opportunity cost. For example, if an ambulance were ‘
not rushed to an accident scene, it could have been used to transport a.
heart patient with no less usefulness, It is the money measure of an

alternative like this that forms the cost of the ambulance service.

By similar reasoning, we include in accidént costs the value of service
flows rendered by dentists, physicians,v lawyers, mechanics, etc, thatl
are diverted from other uses. Very often what is wasted in an accident
is not the flow of a particular service but the long-term, anticipated
utilization of a durable factor which has a present value reflecting its
expected future use. Demolition of a vehicle is a loss of this type. The
market value of a passenger car shows not only the value of its use for

a month or a year, but it expresses the worth of its lifetime utility.

The costs included in our accounting scheme are, then, values of immediate
and future goods lost, as measured by the market prices of the factors of
production. These costs may be labeled direct, internal, or, preferably, -

tangible costs.

3. A Question of Equity

We employed average statistics in calculating benefits and costs associated
with the various devices, TFor the value of life, then, one aggregate value
applies over the entire country, - But expected future earnings may be
calculated for regions and for states, and we wish to give ample warning

of the possible consequences of this approach. .What disaggregated
earnings implies is that people in a rich state are more valuable than .
those in a poor state; hence, according to the use of the'discounted earnings
streams, more funds ought to be spent preserving their lives than the

lives of poor people, other things the same, This is.clearly a considera-

tion of equity and outside the normal purview of economics. [t is simply
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unfortunate that we cannot find another surrégate for the value of human
life that does not vary from‘perso'n td'per"son and (hence) from state to
state and region to region, We givé due warning to researchers who dis-
aggregate the value of life for the purpoSé of Federal decision-making to

consider the conseguences of the technique.

4. Cost Factor Development

a. Non-Train-Involved Accidents

From the Naticonal Safety Council étatistiés, we derived the cost per
fatality, the cost per non-fatal injury, énd the property damage costs in
property- damage-'only accidents. They are shown in Exhibit A-1 and are
categorized by work time lost, insurance overhead, property damage, and
medical costs. The work time lost per fatality is our measure of the

value of life derived previously.

EXHIBIT A-1: AVERAGE COSTS BY CATEGORY AND BY SEVERITY

CLASS, 1967 »
Fatal " Non-fatal Prépérty bémage dnly
(per fatality) (per injury) (per accident)
Work Time Lost  $ 95,288  $ 469  §  N/A
Medical Costs 395 357 . NJA
Subtotal $ 95683  § 826 $  N/A
Insurance Overhead 3,672 1,006 8 144
Property Damage 640 340 218
Total ~ $ 99,995 $ 2,172 § 362

Source: Derived from the National Safety Council, Accident Facts, 1968,
and the value of life calculation,
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These figures are for highway accidents in general, As yet there does not
exist a comparable sel of statistics for grade" "c"ro"ssingTaccide'nts-. ‘Con-
sequently, they indicate the costs per severlty class we employed To
make these umt costs grade crossmg Spec1flc we employed the results

of a ten—year study of non~train- 1nvolved grade crossmg accidents in
1111n01s—1/wh1ch found that for each accldent there were 0.01 deaths 0.2
1n;|urles and 1. 0 occurrence of property damage Con51der1ng the cost
of a fatahtyz/ and the cost of an 1n;]ury as foregone earnlngs and med1ca1
expenses only, a fatahty is valued at $95 683 and an 1n;|ury at $826 8/
The property damage cost per accldent is equal to the sum of insirance
overhead plus the property damage or $533 4/ The property damage ‘and
insurance overhead are not included in the cost per fatality and per injury
to avoid double-counting, Property damage costs vary over a wide

range, Although $533 appears low, it is based on the best information

available at this time.

The expected economic loss from a non-train-involved accident is'then :
(0.01) x $95,683 + (0. 2) x $826 + (1.0) $533 = 81, 655,

Thi_swis the figure used in the presenttstudy’_,

=" See NCHRP 50, p. 63.

=" Burial expenses should not be included, for they are inevitable and
have to be paid eventually.

3/ ¢t Exhibit A-1, For a fatality, $95,288 + $395 = $95, 683, ‘and for an
injury, $469 + $357 = $826.

21 (%3, 400 (Insuranceé Overhead) + $3, 900‘7‘(Pro:berty'Damage))"/“13. 7
Aaccidents = $533. . From National Safety Council, Ac¢cident -Facts,
1968, . ‘ '

oy
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b. Train-Involved Accidents

From a Minnesota stﬁdyfl-/comes the sevérity of traih-involved accidents:
0. 2 deaths, 0.6 injuries, and 1.0 oqcufréncé of property damage per
accident. Data sﬁppliéd tobFRA byj the raiifoads Was_ nof employed due to
the bias caused b‘y" their reporting réqﬁiremgnts. The railroads report
.an accident only when Ithere is-a »seriousbinjury or when the damage to the
train is $750 or more, Thué' we haﬂ;e éxcluded damé.ge to the train until
unbiased data becomés évéilabie. Using the same per unit costs as
above, then, the expected economié loss from a tr?.in—involvedlaccident

we used is

(0. 2) x $95, 692 + (0, 6) x $826 + (1. 0) $533 = $20, 165

C. PROJECTING FREQUENCY OF ACCIDENTS

1.  Estimating the Probability Law of Rail-Highway Grade Crossing

Accidents

A grade crbssing accident is a chance event, In order to rank various
crossings, one must derive the probability distribution of this event at
each location or for similar locations in addition to estimating operating

costs and accident costs.

a, Historical Sketch

Because of a lack of reliable data rather than the lack of refined tech-
niques, earlier attempts‘at,resolvih'g the uncertainty problem have con-

centrated on devising hazards indexes. As it has been argued by

1/ NcHRP 50, p. 63.
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1
Rothrock and others, —/these indexes are not appropriate for allocating
funds among competing crossings. Primarily, the ranking they lead to is
not based on economic considerations, and the resulting ordering is not -

cardinal,

Most hazard indexes are weighted averages of diverse factors of the

general form: °

These factors, Xi‘s, are related to traffic of motor vehicles and trains
as well as to the physical characteristics of the environment where the
grade crossing is situated. Some of them are: vehicles per day{ trains
per day, sight distance, train spéed, | appfbachhgradé'and condition,

approach angle, and attention factor,

The weights, a; 's, are assigned in a very subgectlve manner. Wlthout any
statistical Justlflcatmn. For example a North Carolma study attaches
the weights of 10, 20, and 30, respectively, to the number-.of trains
travelling at less than 30 mph, between 30 through 49 mph, and faster
than 50 mph, in frying to compensate for the higher risk inyolved‘with flhe

faster trains..

It was a most natural step, with the accumulati‘on. of pertinéht data, to go
from hazard indexes to statistical models and estlmate the :a.1 coeff1c1ents.

If we replace in the above formula 1 by K, the number of ‘accidents

H

1/

‘See NCHRP 50; Appendix A, for a recent summary of many approaches
to. grade crossing accident predlctlon : ,

t
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observed, and add to the right-hand side a stochastic term to show the

- probabilistic nature of this event we obtain:
K =), aX+€ (2)

which is a genefal linear relationship with a's now treated as unknown
parameters. The estimates of the a's may be obtained by ordinary
least squares. One of the most referred to studies, done by Peabody

and Dimmich is a model of this sort,
The specification of their basic model is: .
1
K = a, X 'Y "P e - » (3)

where K is the nurnbef of accidents in a five-year period,
- X, daily highway traffic, '
Y, daily train traffic,
P, the protection coefficient,
E

, the error term.

The protection coefficient was developed for groups, Gi' by type of

protective device from the formula:

P, = iN % XxY ) (4)
‘ i i 100xK

where Ni is the number of crossings in the group.

Having K as part of the independeﬁt variable P as well as the depend‘ént
variable builds in correlation by definition. The resuliing statistical
fit is, then, inflated so that the equation appears to explain more than it

actually does, However, the important point here is the lack of a
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probability model using equations such as (2) to explain accidents.

b. Theoretical Basis

[f we believe that accidents are distributed in a given way, then we

should employ that information to guide us in estimating accidents.

An appeahng dlstrlbutlon is the P01sson dlstrlbutlon and the loglc |
behind it is as follows, Accidents either happen or they do not happen
at a given point in time, and there is a pI‘Obablllty attached to each event,
a situation known as a Befnoulii trial, A sequence of independent
Bernoulli trials over time or over different grade croSsings leads to |
the Binofnial distfibu‘tion. The binomial distribution, in turn and under
certain conditions, Tnay be approximated by the Poisson distribution,’
We may further J'LlStlfy the Poisson distribution by assumlng that auto-
mobiles arrive at the grade crossmg accordlng to the Poisson distribu-
t10r1 thus g1v1ng rise to non-traln involved acc1dents that are Pmsson
distributed. And assuming that trains also arrive accordmg to an
indépendent Poisson distribution as well, the train- involved accidernts

‘are Poisson distributed.

What are the implications fbr estimation if we assufne the Poisson dis-
iribution? Let us examine several alternative ways of épplying the'

~distribution, Assume for the moment that the only factor which affects
grade crossing accidents is the type of protective device, ILet there be

Ni crossings with the 1 the protective device.

Let Yij be the number of accidents taking place at the jth crossing

(j = 1, 2,...N)) with the ith protective device. Then

L aaw
_ks
k1
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It follows that the expected number of accidents is

o  -AiAk o L
E[Yij] = E k e % =i - (6)

Given the cost per accident, C, it is now possible to estimate the ex-

pected loss, Li’ of rail-highway grade crossing accidents by type of

'

E[Ll] = CE[Yij] =A ¢ o : | (7)

This formu.lation‘ may be ‘expanlded to allow for diffefehtiation a.'mong

protection:-

crossings with the same protective device. ~ Such an a.pp'roach to the
problem would ac{:qunt for différehces such as the volume of car and
train traffic and the phyéical éﬁvironméht; For example, if we have
detail on cost data by a severity classification, C_. assuming that the
probability distribution fpp each class of sevgrity is Poisson within the
‘previous groupé by pfotectiire'de\‘ricre, t'hen‘ the expected ioss becomes

E[Li]= ZCSE[Y..] - ‘/; Ac ()

s ijs is s

Up to this point we have developed our argument on sets of crossings
without incorporating the time ele.ment;r The above types of cross-section
analyses are not foéused on prediction and force us to ignore certain
relevant factors. In what follows, we develop a comprehensive model
which may be fefined further for future application to rail highway

grade crossing accidents,

Assume that grade crossing accidents are independently Poisson distri-

buted at each individual crossing desié‘na,ted by j. Let Yij be the number
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of accidents in the ith time interval at the jth crossing

k
o o t)
P{Yij ‘_k{=e}‘3 9"'3 |

o -Aj Ajk
, T

where lj =/J.lt o (9)

In this formula,/l i is the rate of accident per unit of time t, and t is the
number of time intervals (seconds, minutes, days, etc.) during which we
observe the crossing. The subscript j of/u.j expressres the fact that the
accident rate will be different from crossing to crossing, depending on
the number and level of the various factors involved., We can esti-méte
ﬂt’he mean rate of occurrence of accidentsvas E Yij/t, where t is the

total number of time intervals during which the crossing was observed.

' From past'eXperiehce, we expect the lj's to be different depending on
the motor vehicle and train traffic per unit of time, grade, and‘aﬁgle of
approach, type of protective device installed, and so on. These various

explanatory variables, Xs’ may. contain some human elements as well.

- We may assume a linear {or log-linear) form of the hypothesized

relationship as

Aj:‘°+°X+ ----- + e X (10)

where the X's are the explanatory variables, We may substitute the
right-hand side of equation (10) for A j in equation (9) and apply the
maximum likelihood prihciple to estimate the coefficients. Alternatively,

we. could take the square root of the numbers of accidents per time
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interval which are approximately normally distributed, average these

square roots within a crossing and regress this average on X Xm,'

with coefficients different from those of (10), There is a slig}mt simpli-
fication of the usual regression 'anélysis in that the variance is known
but, of course, the number of time intervals per crossing must b_e
roughly equal to ensure constant variance, The square root of the acci-
dent means that each crossing méy be regr.essed‘ on the explanatory
variables by the maximum likelihood principle, which is equivalent in

this normally distributed case to least squares,

C. Future Research-

We have exafnined the implications for estimation when assuming a
specific type of probability model, the Poisson distribution, Instead of
the Poisson distribution,‘ however, we may have considered a negative
pinomial distribution for accidents. The negative binomial is a
two-parameter distribution as opposed to one for the Poisson distribution.

1t allows for a larger ''tail’ than the Poisson.
Chi-square '"goodness of fit' tests. may be applied to discover which
distribution is appropriate. Then the logical implications for estimation

may be developed and applied. These things we suggest for future work.

2. Implementation

1/

For our accident calculations, we used the equatioﬁs of the NCHRP 50.~

1

l/ Ibid., pp. 36-59, EquatrioanBON th‘rough‘39'and 44 and 46.
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{(The train-involved accident equations have a scaling factor deleted in
the report, so the accidents are to be multiplied by 1, 000.) The equations

cover non-itrain~-involved accidents as well as train-involved accidents,

In NCHRP 50, the regression coefficients for automatic gates and
flashing light signals in urban areas each were 0, 32.1/ This means that
automatic gates and flashing light signals both have the same accident
rates in urban areas, a surprising fesult, This result may have been
due to randomness alone, so we recomputed the coefficients using more

recent data from the inventories of Minnesota and Maryland, 2

The coefficients we derived were 0. 23 for flashing light signals and 0. 08
for automatic gates. This means that both automatic gates and flashing
light signals have less expected accidents than would be the case with the
earlier coefficients, and that automatic gates are almost three times as

effective as flashing light signals in reducing accidents in urban areas,
D. AREAS OF FUTURE STUDY

1. Inventory Components of Cost Data

The most pressing information reciuirem’ent for accident cost calculations
is accurate site-specific accident data: the nhumber killed, number
injured, and even the total number of accidents at crossings. In particu-

lar, those accident data should pertain to each crossing, or a sampling

1/

~"1bid, , p. 81; The "B" factors are the regression coefficients.

E/ In the previous calculations, there were 361 flashing light signals (at
urban crossings) and 83 automatic gates, and in our recent calculations,
there were 410 flashing light signals and 73 automatic gates. Thus the
number of observations remains about the same,
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of crossings, so that it may be determined how accidents vary over
different categories with different protective devices, over states; over

regions, and so on,

We strongly suspect, but have limited information on, the possibility

that the severity of accidents is affected by the type of protective device
used. In other words, it appears that not only do better protective
devices reduce the probability of accidents, but they also appear to re-
duce the probability of serious accidents in a greater proportion. For
example, from Table A-7, page 78 of NCHRP 50, automatic gate installa-
tions reduce the number of accidents by an average of 72 percent, yet
they reduce the number of people killed by 92 percent. In other words,
about 26 percent of all accidents involved death before the installation of
automatic gates, but only 7 percent of the yet lower number of accidents

involved death afterward.

Further justification of the hypothesis comes from California data. Of
178 crossings in Southern California over the period 1961-66, accidents
were reduced 49 percent upon the installation of automatic gates. But
the number of people killed was reduced a dramatic 80 percent. -1—/ Thus
if the severity of accidents were taken into account, there would be fur-
ther justification for more expensive devices, such as automatic gates.
The development of this data, then, should give an added dimension to

the economics of grade.crossings.

1/

~' James W, Mulgrew, et al., '"California Rail-Highway Grade Cross-
ings, " mimeograph, Transportation Division, California Public
Utility Commission, p.3,
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It would be appropriate to develop data on categories of accidents, The
analysis of the train-involved accident data in NCHRP ‘501/ illustrates
the potentialities for discovering, and trying to correct, the causes of
grade crossing accidents, For vehicles, categories such as vehicle-
pedestrian, vehicle-fixed object, and vehicle-vehicle m.ay be useful in an

analysis to find ways to minimize the cost of accidents at crossings.

2. Model Development and Verification

Weaknesses in existing models have been pointed out above. There does
appear to be a model, derived from the Poisson or another distribution,
that should generate better results than prior models by accounting for

the distribution of accidents at crossings.

The data gathered in a crossing inventory should add immeasurably to
the ability to verify or reject hypotheses, such as the sight distance
hypothesis., Standard statistical methods may be applied to test the
hypothesis that the severity of accidents varies with type of protection
and other conditions at a crossing. These are the same methods that
may be used to test whether different protective devices produce
statistically significant differences in frequencies of accidents. These

tests have not been carried out to date.

1/@. cit., Chapter 1.
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APPENDIX B

VEHICLE OPERATION AND DELAY COST FACTORS

A, MOTOR VEHICLE OPERATIONS

1. Introduction

To agsess motor vehicle operation impacts, the existence of a-grade
crossing is considered as an impediment to the otherwise uninhibited
flow of motor vehicle traffic, The grade crossing represents a bottle-

1

neck to both the commercial and non-commercial traffic "pipeline." It
imposes incremental operating costs and time delay losses on the pipe-
line users. Motor vehicles normally slow down at a crossing, regardless
of the presence of a train, and when a train is present, they must stop.
Although it may be the case that automobiles slow down more at cross-
bucks, for example, than at automatic gates (because of the reassurance

gates give the driver), we did not account for this difference due to the

lack of relevant data,

Warrants are assigned, in part, upon the consideration of costs of the
delay at the crossing, and it is our purpose here to develop several of
the relevant costs, However, for all but stop signs, the same delay
costs apply to each protective device we examined; hence, the delay
costs do not determine the warrants among these, for the costs are
constant. The delay costs are applicable, however, in considering the
alternative of grade separation, whence the excess delay costs virtually
disappear. Our study of delay costs, then, is properly a component of

the economics of grade separation,



But the delay cost factors developed here do have applicability for
studying the economics of various predictor devices which activate a
crossing device, such as automatic gates, upon the approach of a train,
Several such devices account for the speed and the distance of the train
from the crossing, making it possible to reduce delay time compared to
the standard device, which activates the protective device only when the
train is a given uniform distance from the crossing, regardless of its
speed, The economics of these devices, including safety faétors, is

an area for future study.

2. Component Specification
a. Vehicle Characteristics
(1) Type

We classified motor vehicles as either passenger or truck. For purposes
of cost-benefit calculations, we assumed that all passenger vehicles are
non-commercial in nature, and conversely, that all trucks are com-

mercially oriented.

Since operating costs of vehicles are classified as a function of gross
weight, the following weight categories offer a representative range of
vehicle types that were utilized in the cost calculations:

™ Passenger Vehicle — 4, 000 pounds .

] Single Unit Truck — 12, 000 pounds

e  Combination Truck —.40, 000 pounds

(2) Mix

Since different types of vehicles generate widely varying operating costs,



it was necessary to estimate the vehicle mix that could reasonably be
expected to use the average grade crossing. In the absence of any
existing empirical data in this area, it was concluded that nationwide
averages of miles traveled by vehicle type and road classification would
provide the best estimates for vehicle mix. RBecause buses of all types
represented less than one percent of total passenger vehicle miles
traveled, this category was simply incorporated in total passenger
mileage, For 'purposes of cost-benefit calculations, the rounded aver-

ages shown in Exhibit V-1 were utilized,

EXHIBIT V-1:. VEHICLE MIX RATIOS (PERCENT)

4,000 pounds ' 12, 000 pounds 40, 000 pounds

(passenger) {single unit) (combination)
Rural 7T 19 4
Main 76 18 6
Local 78 20 2
Urban 85 13 2
Weighted Average 80 16 4

Source: Motor Vehicle-Miles, 1967, as reflected in ''Distribution
Management Tips,' Transportation and Distribution Manage-
ment, January 1969, p. 8.

(3) Volume

While only‘one vehicle may incur an exceedingly small fragment of
operating costs (as little as a fraction of a cent) in transiting a grade
crossing, the cumulative effect of all traffic passing such a crossing
during a year may be of considerable magnitude, Therefore, it is
essential to employ the average daily traffic expected to transit all grade
crossings subject to evaluation. The magnitude of ADT provides an

extremely influential parameter by which a potential grade separation is



judged either economical or not warranted. For the calculations, see the

chapter on warrants and priorities,

b. sSpeed Characteristics,

The principal cause of additional motor vehicle operating costs at grade
crossing sites is a speed cycle change. If, for example, a vehicle is
proceeding at a given speed and reduces that speed as the result of the
presence of a grade crossing, its vehicle operating costs are greater
‘than if it had maintained its initial speed. The effect of the change in
speed is attributable only to the presence of the grade crossing. To
calculate the operating costs and the delay times, we need estimates of
the normal approach speed of vehicles prior to entry into the crossing

area and estima.tes of the reduction in speed that takes place at the site,

(1) Approach Speeds

Individual approach speeds to various crossings are generally regulated
by a combination of factors such as state and local speed limits, vehicle
density, and’ human factors, However, until such time that individual‘
sites may be Survéyed for s~pecific speed trends, the use of average
national speed trends by road classification would provide the most
tenable basis for our cost calculations. Data obtained for this purpose
is provided in the Bureau of Public Roads periodical Traffic Speed

Trends, April 1968. This speed data, collected by 35 States in 1967,

reflects average speeds on 'level, straight sections of main rural roads
and on urban streets during off-peak periods of the day when traffic
densities are low and drivers travel at their desired speeds.’ Since
these speeds reflect optimum conditions such as off-peak periods and
favorable weather conditions, it was concludéd that some downward

adjustment should be made to better reflect average general speed



conditions experienced throughout the typical day at a grade crossing.
Further contact with the Bureau of Public Roads substantiated this
position and led to an arbitrary reduction of non-interstate highway
speeds of roughly 10 percent. In the case of interstate highway speeds,
it was concluded that such a reduction would not be required. The

approach speeds are presented in Exhibit V-2.

(2)l Reductions in Speed

Reductions in speed at grade crossings is an area in which very little
data have been collected, tested, or evaluated. The only known data are
an extremely limited number of observation sites (six), most of which
possessed similar location characteristics. i/ In this case, five of the
six crossings observed in the Maryland and Virginia area were considered
urban in nature with the remaining site assessed as distinctly rural |
(U. S. 15, Limekiln, Md.). These represent too small a sample for
distinguishing urban and rural speed changes as well as for distinguishing
differences in speed changes due to the given protective device, The
average speed reduction for the six sites was 5,52 miles per hour, This
may understate the speed reduction in rural areas, but it was judged
better to use a conservative estimate. In the final analysis, speed
reductions depend heavily upon the physical characteristics of the site,

but we could not incorporate this into our study.

(3) Road Condition Characteristics

The physical condition and design characteristics of a given road have

a great deal of impact on relative vehicle operating costs for speed cycle

1/ NCHRP 50, p. 23.



EXHIBIT V-2: AVERAGE VEHICLE APPROACH SPEEDS (1967 Rounded

- Averages)
Road Classification Passenger Vehicle Truck - = All
Rural
Interstate 64 ' - 56 62
PrimaryL/ 52 48 51
Secondaryl/ 44 41 ‘ 43
Urban
Interstate 25 ) 51 54
Primaryl/ 43 40 43
Secondary/ 31 | 29 30
SuburBan
Interstate 58 53 57
Primaryl/ 48 44 47
Secondary 2/ 40 37 40

1/ Rediced 10 percent. See text.

Source: Bureau of Public Roads, Traffic Spéed Trends, April 1968,



changes. This is true of both grade crossings and separations. Separa-
tions change dramatically the original site conditions. If, for example,
a pre-separation site originally had a level grade, the introduction of a
grade separation usually involves a change in pavement gradient that
will consequently increase operating costs for that portion of the road.
However, in all calculations utilized in this analysis, we assumed a
tangent, level grade in good condition., In the future, however, it may
be preferable to include consideration of variations in these and other

types of roadway conditions,

4, Other Vehicle Delays

In addition to time delays incurred in the course of normal speed
reductions in grade crossing zones, there exist two other obvious types
of vehicle delay that may be found within the crossing environment:
stops required by the presence of a train at the site, and temporary

delays due to traffic routing during the construction of a grade separation.

a. Waiting for a Train

When a train approaches and occupies a crossing, all motor vehicle
traffic must stop. To approximate this, we employed the following sim-
plistic method. Assume that, on average, train traffic and motor vehicle
traffic flows uniformly throughout the day. Although this is not a very
tenable assumption, it shall suffice until further work is done. Then the

number of vehicles that must stop per train is equal to

ADT x

23 H,

where ADT is average daily traffic and H is the hours per train that

vehicles cannot traverse the crossing.



To find H, we need the specifications of the '""average train,'" In the -
development of this avérage length, it was assumed that the average train
length was 70. 1 cars plus a caboosé and an .engine. It was also assumed
that the train mix is 75 percent freight, 25 perceént passenger, and the

average passenger train length was 1,000 feet,

70.1 x 60 feet = 4,200 SRR 3 x4 480 = 13,440

caboose 40 x - 1x1,000 = 1,000

engine C 240 ‘ - 14, 440
14, 440

1 = 3,810 — use 3, 800
The average train speed is 20.4 miles per hour (from "Yearbook of

Railroad Facts," 1969). . Thus, the average train occupies a crossing
127 seconds, Assuming a 20-second lead time, the total delay at a

crossing is 147 seconds, 04 0. 041 hours,

b. Construction Delays

Since grade crossings will, in effect, be ”charged"’ for vehicle delay
time, it is reasonable to similarly charge potential grade separations
with traffic delays that are normally experienced during their construction
period at existing road networks. Two of the essential factors for calcu-
lation of this charge are duration of construction period and average

delay per vehicle. Again, while these may vary widely under given

circumstances, the following factors represent conservative average



delay per vehicle. Again, while these may vary widely under given
circumstances, the following factors represent conservative average
estimates:l/

Average Delay Per Vehicle: 0.125 minutes

Average Construction Period: 10 months
It has been estimated that 80 percent of the separations for existing
highways are built on new alignments so that no delay occurs during

construction. 2/ Thus we reduced these delay costs by 80 percent.

3. Cost Factor Development

a. Excess Operation Costs

As was mentioned previously, the exisience of a grade crossing represents
an impediment to the ctherwise uninhibited flow of vehicular traffic. The
process of slowing down for a crossing involves additional costs over

and above those costs that would be incurred while operating at a constant
speed. The engineering calculations that support this statement are well

documented in Robley Winfrey's Motor Vehicle Running Costs for Highway

Economy Studies, November 1963. This publication (soon to be released

in textbook form by International Textbook Company) on the general
subject of highway economics, represents the most refined cost data on

the subject made available to the study group. We employed the cost

1 . .
—/Stephen E. Tirell "An Economy Study of the San Antonio Road Crossings

of Alma Street and the Southern Pacific Railroad, Mountain View California, "

in Applications of the Principles of Engineering Economy to Highway Im-

provement, Stanford University, Report EEP-8, March 1864, p. 92,
2/—-**— : ‘ o

— TFrom the Bureau of Public Roads.




tables that reflect.the dollar excess costs of speed change cycles by
vehicle weight classification. -The cost factors utilized to develop these
tables include cost impacts of the following categories: fuel, tires, engine
oil, maintenance and '"'use-related" depreciation. The speed change cycle
profile that is the basis for excess running costs is defined as reducing
from an initial approach speed and returning to that initial approach speed.
The speeds and weight classes we employed are given previously, the

speeds rounded to the nearest multiple of five miles per hour.

b. Delay Time Cost Factors

The hours of delay per vehicle are given in Winfrej's Tables, as well as
the excess operating costs, for given speed cycle changes. In order for
these delay times to become part of the cost-benefit calculus, a dollar
value per unit of time must be imputed to them. .The value of time may
be calculated separately for passenger and commercial vehicles. For
passenger vehicles, assumed to be automobiles only, the value of time
has been indicated in the literature by the willingness to pay for travel
time reduction. We used the latest empirical findings as the basis for
the value of time for passenger_vehiéles. For commercial vehicles, one
of several methods may be employed, but recent research has indicated
that the ""cost savings method'' is a workable and intuitively applealing

method.il We updated the results of that method to 1967,

l/For a thorough discussion of methods as well as an annotated biblio-
graphy, see William G. Adkins, Allen W, Ward, and William F.
McFarland; Value of Time Savings of Commercial Vehicles, National
Cooperative Highway Research Program, Report 33, 1967, For a
bibliography of studies through 1961, see Dan G: Haney, ''History of
the Value of Time, ' in Stanford Research Institute, The Value of Time
for Passenger Cars: -A Thebretical,Analysis and Description of
Preliminary Experiments, Final Report,” Vol. I, May 1967, pp. 7-189.
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When a grade crossing accident occurs, there will be a delay to the
train and to vehicles. This delay factor was left out primarily because

of the lack of adeguate data.

(1) Value of Time Indicated by Willingness to Pay

For a passenger, relatively simple calculations show that the amount a
person would pay to save given amounts of commuting time, given the
opportunity to make a choice and the necessity of spending the money, is

-

. . i
a money measure of the value of the person's commuting time. —

l/The calculations are as follows, where we use a continuous approximation
to typically discrete choices. Assume that the work week is fixed and
the money income earned at work is constant, which is an approxima-
tion to short-run reality. Let U be the person's utility, a function of
net earnings Y-E, where Y is earnings, and E, expenditures on com-

muting, and also a function of leisure time, TL , under the assumption

of a constant work week. Functionally, U= U (Y-E, TL). For maximum

utility, as the basis of a rational decision concerning commuting expendi-
tures, set the total derivative of U equal fc zero, or

oU 1) _
g dE + aTLdTL = 0.

Solving for d]i‘./dTL yields

dU=- 3

dE__au_ , U
dT; ~ 8T, ' AY-E)

L

Now 8U/8TL is the marginal value of leisure time, in utility terms, which

is translated into money terms by the deflator, 8U/8(Y-E), which may
be interpreted as the marginal utility of wealth., The term dE/dT_ is

the marginal expenditure per unit of commuting time saved. It is
positive since by assumptioh an increase in expenditures reduces
commuting time which increases leisure time by an equal amount.
For an optimum, it is equal to the money value of leisure time.
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(2) Market is Imperfect

Therefore, in a free market where there are no externalities and anyone
not willing to pay the price of commuting is excluded (called the "exclusion
principle’'), the marginal expenditure to save a unit of commuting time

as observed in the market is equal to the money value of leisure time.
There appears to be few externalities to cause the market mechanism to
allocate inefficiently; that is, benefits or costs wrought on other commuters
due to one person's delay are wrought on that person in commensurate
amounts; thus all the costs and benefits will be incorporated into that

person's commuting decision,

But the market is imperfect at grade crossings because the exclusion
principle is not operative., One way to make it operative, for exainple,

is to build an overpass ahd chargé people é fee to cross over the tracks.
However, the average delay to collect the fee would most likely be greater
than the average delay at a‘ nearby inters ection without an overpass, and
that pl‘us the fee of going over the overpass rules out the possibility of
applﬁng the exclusion prinéi‘ple underrmosvt vci‘rclumstance's. In theory,
though, we may conceive of a devvice that autématically and without cost
subtracts the toll from a person's bank acccount as his-autormobile crosses
the overpass. Thus such a mafket could theoretically be-efficient, but

such is not the case with our present technology.

In order for the government to make efficient allocation where the market
mechanism operates inefficiently, it should attempt to simulate a perfect
market where the exclusion p'rinqiple épplies. ‘It may do this in a number
of ways, -and pefhaps".the rlmét apé)ropriéte way for the pﬁrp,oses of this
study is to‘exa‘mine tihé re‘s‘ult‘s of other studies wh@ch_'have empirically
estimated the value of timé in those cases where the exclusion principle is

_operative and the market better formulated.
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(3)  Value of Time is Approximately One-Half of Wage Rate

We used an approximation that has been employed as a rule of thumb

by transportation planners and has been recently verified by Thomas E.
Lisco, among others, l/ The approximation is that the value of commuting
time is one-half the average wage rate. We made appropriate adjustment.

for the non-working population as described below.

(4) Lisco's Analysis

A brief review of Lisco's analysis will show how he verified the approxi-
mation. Lisco's hypothesis was the following: given the modal split of,
say, 60 percent of passengers using rapid transit and 40 percent using
automobiles, what change in the mass transit fare will return the status
to ‘the 60-40 modal split if a change in transit time upsets the 60-40
split? The change in the mass transit fare divided by the change in
commuting time thus derived is the value of commuting time at the

margin, that is, for the marginal commuter.

Using a special econometric technique, probit analysis, he derives
an equation, part of which is a/
Y =1.379 -0.0084aT +0.012aM.+ ..., (1)

where Y is a binary variable denoting behavior as to alternative modes

1/

='Lisco, Thomas E. '""The Value of Commuter's Travel Time: A Study’
in Urban Transportation, ' unpublished Ph. D dissertation, University
of Chicago, 1967,

g/Ibid, p. 51, Table 2, Problem 1,
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(automobile or mass transit), aT is the transit time less the driving

time (in 100's of a second), and a M is driving costs minus transit costs
(in cents). Since the coefficient ofaT is seven times the coefficient of

a M, after accounting for the units of measurement of AT and. aM,

he concludes that the value of commuting time is $2, 52 /hour. l/ Lisco
accounts for the differences. in comfort between modes; the other variables
in the probit regression equation are income, -age, and dummies for sex
and the extent that spouses assist in commuting and/or working, Because
incomes were fairly high in the Chicago suburb studies, Lisco concluded
that the value of time ranges between 40 and 50 percent of the wage rate,
and may go even higher.g/ :He experiences difficulty with the income
variable, due perhaps to the statistical technique used, because in an
experiment he found that the value of time decreased with increased

. . 3/
incomes, contrary to-one's expectations. —

(5) Other Studies -

Using a different technique, Beesley arrives at a similar conclusion,
but indicates that the differences in earnings are positively correlated

with the value of time, é/ "He concludes that "for workers earning at

l/Ibid, p. 92n.1. Lisco presents a range of values, depending upon trans-

portation cost assumptions and treatment of income.

2/ g, p. 56.

— Ibid., p. 91.
i/M. E. Beesley, ''The Value of Time Spend in Traveling: Some New
Evidence'', Economica, May 1965, pp. 174-85,

B-14



about the average wage level ,., the value [of traveling tlme:] is about
one-third of their average wage ... More h1gh1y pald people - place a
higher value proportionately — between 42 percent and 50 percent 1/
And by inference Claffey concludes that the value of time for car owners
is about one-third of the average Wage rate, E/ Not surprlsmgly, these

and other studies have provided a range of estlmates mostly in the

range of 33 to 88 percent of wages. 3/

(6)  Relation to Wage Rate

The connection made between the value of time and the wage rate in all
these studies was done by inference; that is, after calculating the value
of time in money terms, it was then related to the wage rate as a proportion.

This procedure has intuitive appeali/ and is usetful in cost-benefit studies

l/lbid n. 182,

g-/Paul J. Flaffey, ""Characteristics of Travel on Toll Roads and Comparable
Free Roads for Highway User Benefit Studies, "' Highway Research Board
Bulletin No. 306, 1961, ‘ : '

ﬁ/See G.P. St. Clair and Nathan Liederer, "Evaluation of Unit Cost of
Time and Strain and Discomfort Cost of Non-Uniform Driving, "' Highway
Research Board Special Report No. 56, 1060, and Lawrence Lawton,
"Evaluating Highway Improvements on Mileage-and-Time-Cost Basis,
Eno Foundation, Traffic Quarterly, Saugatuck, Conn., January 1950,
pp. 102-25., Lawton, however, goes as high as 88 percent of factory
wages.

1

-‘%/See Leon N. Moses and Harold F. Williamson, Jr., '"Value of Time,
Choice of Mode, and the Subsidy Issue in Urban Transportation'', Journal
of Political Economy, June 1983, pp. 247-264. They explicitly take up
the case of fixed working hours, using a discrete analysis. The result
of fifty percent of the wage rate indicates that individuals would like
to work more than the standard number of hours, This may be true,
given the significant amount of "moonlighting'' that actually occurs.
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because the value of time varies over the years and over different regions

of the country as wages change. Thus it is a convenient assumption.

While we used the approximatibn of one-half the wage rate for the value

of time, if future estimates of costs and benefitsrof grade crossings
become more refined and disaggregated, it may be worthwhile to use

a range of estimates, from thirty to seventy percent of wages. Then those
grade separations warranted with the sixty percent but not with the thirty
percent figure should be scrutinized more closely, for they are on the

margin of acceptance.

(7) No Modifications for Purpose of Trip

Commuting time has value for- those who work because that time could be |
used for other activities, If we assume that commutling anywhere,
whether to work or to other places, subtracts from one's leisure time and
has itself no special value, then commuting delays have the same value
whether going to one's place of employment or not, Even if one enjoyed
leisurely driving of the automobi_le as a form of relaxation, the delay at
grade crossings may be thought of as a posiponement of JL‘his type of
leisure time. Thus, for those who work, the value of deléy time will be
one-half the average wage, regardleés of when the delay.occurs at the

grade crossing.

(8)  Modifications for the Non-Working Population

Those who do not work for rrioneta'ry returns, mostly housewives, do
perform, for the most part, valuable ser\}ices in the héme or elsewhere
and shotild be imputed an earnirigs. rate. Then the same analysis applies

to them as applied to those who earn money income.
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(9)  Summary Formula

Therefore, the value of time per person as suggested by the discussion
above is
A =1, (pw1‘+ (1-p) wz-), :
where A = Per capita value of time per hour ' : -‘
L = Ratio of value of time to earnings

w, = Hourly earnings of compensated persons

&
1]

9 Imputed hourly earnings of those people not compensated

Proportion of the population receiving remuneration

o
1]

1/

From the above discussion, L = 0.5. As approximations, Wy T $2.87, -

and Wy = $1.00. E/ The value of p, the proportion of the population in

IFl“his is the average hourly earnings of production or nonsupervisory
workers on private non-agricultural payrolls, total, for 1967, from,
Handbook of Labor Statistics 1968, Bureau of Labor Statistics, p. 1863.

z/The imputed wage is based upon a number of factors. From the Hand-
book of Labor Statistics, pp. 217-19, the following wage rates are
obtained for the following occupations (for the U.S.):

Nongupervisory employees, women,

in eating and drinking places (1967) $1.18
Nonsupervisory employees, women,

in hotels and motels (1967) $1.29
In Nursing homes and related facilities (1965) _

Cooks $1.20

Kitchen helpers $1.086

Laundry workers : $1,01

Nursing aides ' $1.00

An appropriate estimate would be a weighted average of these wage
figures, weighted according to time spent on each task. Short of that,
$1.00 was selected as a conservative estimate to account for any
differences in intensity of work when remuneration is not paid, and the
3. 8 percent unemployment level in 1987,
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the labor force, has remained within one percentage point of 60 percent
. 1
since 1948, —/ so p=0.8. Therefore, we conservatively estimate A, the

value of time for non-commercial passengers, as $1.00, 2/

It has been estimated that there are 1. 56 passengers per automobile, E/

so the value of time per automobile is estirmated at $1. 56.

(10) Commercial Vehicles

The value of time we employed for commercial vehicles is a simple
national average of the regional data presented by Adkins for the

composite commercial vehicle: $5.51 per hour, which is based on the

n é/

"cost savings method. This figure is for 1965, and since it is

comprised mostly of wages, we increased it by the growth rate of
drivers wages, which increased 9.6 percent between 1965 and 1967. 2/

Therefore, the implied value per commercial vehicle is $6. 04 per hour.

1/

g/Fr‘om the formula above, $1.00 = 0.5 (. 6x$2.67 + . 4x$1.00).

Handbook of Labor Statistics, p. 22.

g/Transportation Plan, Chicago Area Transportation Study, Final Report,
Volume III, April 1962, p. 10,

é/William G. Adkins, et al., op. cit., p. 2.

-5—/ Union Wages and Hours: Motortiruck Drivers and Helpers, - U.S. Dept.
of Labor, Bulletin
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(11) Value per Average Vehicle per Hour

Using the automobile-truck mix developed previously (grouping the two
classes of trucks into one), the fcllowing are the values of time for the

'composite vehicle':

Vehicle Mix

(Automobiles-

Truck) . Value
Urban 85-15 $2.23
Rural 77-23 2.59
Combined §0-20 2.46

B. RAILROAD OPERATIONS

1. Introduction

In similar fashion to motor vehicle operations, the existence of a grade
crossing may be viewed as an obstruction to otherwise unrestricted
railroad running operations. In this respect, the cost categories and
component specification requirements for rail operations are roughly

the same as those called for by vehicle operation, with one major ex-
ception: the train ''pipeline' is more limited in scope due to the require-
ment of running on a given, static track. Therefore, any restriction

to running speeds may not only involve speed cycle changes and delay
costs for the train transversing the crossing, but it also may f}ossibly

involve slower running speeds for all trains in the pipeline,

2. Component Specification

A cursory review of available data concerning "average conditions and

specifications pertinent to railroad running operations revealed that the
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extremely diverse nature of train tfaffic\éhara-ct-efistiés”has heretofore
legislated against the development of such averages due to potential gross
distortions that would ’moslt”[.a‘ro‘bablyabe ﬁv'rought from such techniques,
The paucity of available ciaté sdu'r-cés fromiWhich to develop religble
averages in this respect further dissuaded a serious attempt to build a
preliminary set of operating statistics within the frame of this analysis.
Therefore, we shall discuss only the compdne_-nts T;hat appear appropriate

as major impacts of delay ‘on train operation.

a. Train Characteristics

The following categories provide some idea of the desired data base for

the development of delay impacts.

(1} Type of Train |

It will be necessary to differentiate between the type of train and the

type of service involved. By type of train, we mean passenger and

freight classifications, "with possible subclassifications. It will be of
consequence, particularly relative to freight operations, to discern
differences in the service performed by the train, e.g., running functions,

switching functions, and branch-line functions.

(2) Composition of Train

Once train types and services are determined, it will be necessary to
build the average type train as a function of the type of motive power
used, e.g., diesel, and of the type and number of trailing cars (coaches,
baggage, gondolas, boxcars, etc.) that it will rriove; These factors Iwﬂl
have a significant impact on fuel consumption characteristics as well as

revenue generation. It will further be necessary to distinguish the number

of cars loaded and empty.
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(3) Mix at a Crossing

As is the case with vehicle traffic, an estimate should be made of the

type of train mix that could reasonably be expected to periodically transit
a given grade crossing. Different operating costs and revenue pbtential by
train type and service calls for the development of a composite train for

the crossing.
(4)  Frequency

The frequency of trains needs to be estimated to derive a total delay

time and cost.
C. AREAS FOR FURTHER STUDY

The following represent areas requiring substantial refinement and

in-depth analysis.

1. Delay Cost Factors

Application of sensitivity analysis to cost factors utilized for delay
time to determine the degree of impact to systems costs as a result
of parameter variations. The results of the sensitivity tests will
determine if further investigation is required. If it is required, we

suggest the study areas outlined below,

2. Motor Vehicle Operations

a. Development of vehicle approach speeds to grade crossings
that refiect more'refined influences of varied conditions, i.e., night vs,
daytime driving, condition of roadway, presence of speed limits, and

unusual site characteristics,



b, Observation and testing of vehicle reductions in épee'ds for
grade crossings by road claSSLﬁcatlon vehicle type and type of

protective device.

C. Development of vehicle delay data due to train site occupancy

by crossmg type and railroad clasmflcatlon i.e., mamllne and sw1tch1ng.'

3. Economics of Signal Actuating Devices

Development of a cost-benefit study to determine whether additional or
supplemental Sighal actuating'deviéee are warranted. This would involve

use of the delay cost developed in 1. above,

4, Train Operations

Development of all the train-related factors that were excluded from the

present study.

b. Speed Characteristics

The umque speed characteristics of ' runmng ' train operations focused

our attent1on on rallroad operatlons in general

Speed limit restrictions piwaced';upon trains in ’Ehe vicinity of grade crossings
are primarily attributable to state and local 6rdinances which are, of
course, designed to enhance safety program aspects, While these vary
widely depending upon local conditions and population 'den‘.‘s.ity, an average
speed reduction of 15 to 30 m. p.h. in the vicinity of an average grade
crossi:ng ép‘pears to rodghly approximate the "’generél magnitude of a
regulated speed reduction, but this needs to be validated. These local

speed reductions may be removed if’ crossmgs are eliminated by a system
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of improvements and closings of crossings. Indeed, this is an area of

potential gain which a future study should investigate.

The presence of grade crossings can impose speed reductions and
fluctuations. How many crossings are encountered and how close to-
gether they are constitute important questions to be answered. But
perhaps the most important factors are the location and conditions at
crossings within a city or a town. These factors cannot be adequately
dealt with in a study of nationwide scope; rather, they must be assessed

individually at the local level.

c. Delay Costs

Estimates as to average earnings of passengers and values of freight
per unit of time need to be developed for determination of time delay

cost factors.
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Appendix C

ADDITIONAL DISCUSSION OF WARRANTS AND PRIORITIES

Al INTRODUCTION

The purpose of this appendix is to explore some methodological aspects
concerning warrants and priorities with respect to grade crossing im-
provements. It is assumed that the reader is familiar with the chapter
on warrants and priorities. This discourse on methodology is given

because of the conflicting methodeologies mentioned there.

This appendix is concerned primarily with variocus approaches considered
for the cost-benefit studies. It reviews some of the methodological details

that led to the approach taken in the present study.

BE. GENERAL METHODOLOGY

The application of a quantified, scientific approach has the advantage of
being objective. It has a tendency, however, to overlook or to consider
insignificant non-gquantitative factors. Among the foremost of these

factors is the politico-economic reality of the situation, It may be a
political reality that there is only a given, fixed amount of funds to be
allocated for investment in grade crossing safety installations, and in

that event the scientific method should be used to determine the distribution
of this budget among the several crossings. However, it may be approp-
riate to employ the scientific method to determine the total amount of money
which may be effectively spent in grade crossing protection. This approach

is called budget determination, as opposed to the approach which assumes

a fixed budget.

C-1



The problem is critical because different warrants and priorities will be
assigned under the first assumption, that of given budget constraint,
than under the second, that of budget determination. It is different

because of the different conditions that are applicable.

The discussion in this appendix explains how to handle either problem,

but the budget formulation appreach is basic. Under this approach, the
economic analysis of each of a group of crossings will justify the expen-
diture of, let us say, X dollars. -This becomes the basis of a request

for funds from the appropriate legislative bodies. The analysis is designed
to convince them that the suggested investments should be undertaken for
the sake of economic efficiency. If X dollars are not forthcoming, how-
ever, then the alternative approach may be taken, which assigns warrants

and priorities subject to a budget constraint. .

To assume a given budget to plan investments may waste resour’ces,
either as the result of over-building by doing some projects not economi-
cally justified or as the result of under-building, which would require
additional expenditures at a later date to overcome original deficiencies,
all at a greater total cost. Once a grade crossing safety installation is
provided, it may be costly to replace it, given more money at a later
date. It is more appropriate to discover what the final warranted device
should be, and if its cost exceeds the budget constraint, postpone its
construction until the funds are available, rather than proceeding via

a circuitous route by installing another dewvice first, and the warranted

device later.

1. Warrants

a. Net Benefit Calculation -- There are several characteristics

of the grade crossing decision which imply the following rule



to determine warrants. At a specific crossing that grade
crossing safety installation is warranted which maximizes

the discounted benefits (B) minus the discounted initial and
recurring costs (C) of all alternative installations. Significant
characteristics are-(a) as menti:oned, it is difficult to employ
a time-phased upgrading of crossings, (b) installations at a
specific crossing are mutually exclusive, {c¢) installations are
indivisible (half a device, e.g., is not an alternative), (d) in-
stallations cannot be efficiently applied in multiple doses
{because commensurate benefits are not obtainable) and (e) a

budget constraint is not applicable at this stage of the analysis,

In other words, these conditions imply B minus C calculations
rather than B divided by C calculations, to determine warrants.
For a given budget, the ratio B/C has appeal and usefulness,
but in formulating the budget it becomes hazardous to look at

- B/C because this ignores the absolute size of fhe benefits over
the costs. Following McKean, 1 the appropriate criterion is B
minus C in selecting one of the mutually exclusive protective

devices at the warranted crossings,

As an illustration of the validity of the proposition, device I
may be a complete set of protective signs, and device II
automatic gates. For each dollar invested in signs there may
be a greater return in terms of lives saved and accidents
reduced (as measured by the B/C calculation), but the abso-
lute number of lives saved and accidents reduced may be

much greater for the gates than for the signs (the B minus C

1I\/IcKean, Ronald N., Efficiency in Government Through Systems Analysis,
New York: John Wiley and Sons, 1967, Chapter 2.
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calculation).  The savings afforded by the gates cannot be
duplicated by investing, say, three times as much money in
signs, because of diminishing returns (and it may be politi-
cally impossible and aesthetically distasteful to clutter the
highway with signs). These considerations lead to the use
of the net benefit calculation, since it is the.absolute size of

the. net benefits that is important.

It is relevant to consider the analogy of a private, profit
maximizing enterprise that "'owns' the crossing and actually
receives dollar payments for the benefits. (One may imagine
several ways in which the dollar transfer could theoretically
be transacted, but this is not important here.) Assume that
the two projects I and II, signs and gates, are the only
alternatives, and that each will return at least the firm's

cost of capital. Since the firm can, at given levels of risk,
obtain sums of money at its cost of capital (the cost of capital |
may increase with the amount of funds borrowed, but that is
not a likely case for the situation studied in this report), it
would select ;chat project yielding the largest aggregate net
profits, which translates as the largest aggregate net benefits.
Economists ascribe efficiency to this selection by profit-
making firms where there is competition (alternate routes of
travel and many such firms operating on those alternate
routes) and no externalities.” Assuming competition and no
externalities, which are very plausible assumptions, selection
by the net benefit criterion yields maximum efficiency in

resource allocation.

The Discount Rate -- The social diSco'unt/ rate used to relate

benefits and costs at different points in time is defined as the



opportinuty cost in terms of the consumption and private
investment foregone because of the public investment

project. ! The use of a discount rate implicitly compares

a given investment project to all the others in the entire
economy. If there were no alternative uses of the funds, then
there would be no need to use a discount rate. The discount
rate used by the government serves the function of allocating
investment funds between the private and public sectors. The
higher that discount rate, the fewer public projects that will
be warranted, as well as the fewer private investment projects.
In this sense, the discount rate limits the total budget for

public improvements.

The discount rate may be interpreted as the return funds
would yield if they are not invested in a given project, such
as grade crossing protective devices. The discount rate
used by the Federal Railroad Administration should be the
same as for all government agencies. This insures that
investments for grade crossing safety compete with invest-
ments in highway safety, for example, on a standard, fair
basis. Because there are competing uses for resources, a

discount rate was employed.

c. Net Benefit Versus the Benefit/Cost Ratic -- The most obvious

competitor to the net benefit criterion is the benefit/cost
ratio, where benefits and costs are in discounted terms. The
condition of B minus C being greater than zero implies that

at least the rate of return, or discount rate, has been achieved,

1See Baumol, William J., '"On the Social Rate of Discount, ' American
Economic Review, September, 1968,
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thus the project iks warranted. This condition is entirely
equivalent to the B/C ratio bei}lg' greater than one. But the
ranking by the B minus C criterion may be different from
the ranking by .the B/C ratio. Thus, when some investment
projects are mutually exclusive and indivisible, the choice of
criterion is critical: Selecfion of one investmént by one cri-
terion precludes selection of another even though the other
criterion gives if a higher rating. The following illustration
shows that the Blmi.nus C and B/‘Crcriteria rank projects

differently: Estimates for a Specific Crossing (B and C are

in discounted -- not current -- térms).

Device B C B-C B/C
I $30,000 $10,000  $20,000  3.00
11 : 80, 000 30, 000 50, 000 2.67

Using the ratio B/C, we would select device I first to replace
the existing device at a crossing, but upon its selection,
device II can no longer be employed. But the net benefit
(B-C) calculation suggests device II. ‘At a'crossing, only
one of the two devices may be installed. Which one do we

choose?

One way to reconcile the two criteria is to put them on the
Same cost basis. Assume that the costs are all initial in-
vestment costs, and that we have at our disposal $30, 000

(at a cost indicated by the discount rate). If we select
project II, the funds are exhausted. If we select project I,
we have $20, 000 left after the investment, - This $20, 000
may be employed elsewhere in the economy at a return equal
to the rate of discount, and its benefit in present value terms

is $20, 000 (it has a B-C=0, .or B/C = 1). So add $20, 000 to



the benefits of project I as well as to its costs. Then the

B minus C calculation for project I is still $20, 000, but

the B/C calculation is now 1,67, less than that of device II
(which is 2,87). Hence, the net benefit and benefit/cost
ratio yield the same choice if the costs of the projects are

thus adjusted to be eguivalent.
2. Priorities

In determining the amount of funds to be requested and spent over time,
account must be taken of two things: (1) expenditures are to be made in
current dollars, not discounted amounts, and (2) the investment projects
typically are not all initiated at once, rather, they are spread out over

a number of years, which is accomplished by assignment of priorities.
The guiding principle in assigning priorities under these restrictions

is the maximization of the present value of all the projects. Under
practical considerations, this is done by taking those with the greatest:
return per dollar of expenditure first. But if the fwo restrictions are not
valid, then there is absolutely no need to assign priorities, and all the

warranted projects are initiated at once.

The first consideration (expenditures are in current dollars) leads to
the formulation of a request for funds from legislative bodies., That is,
the total budget is derived by adding all the initial construction costs of

all the warranted projects, in current terms. (It may be relevant to

lA third restriction is that there is a valid budget constraint, in that
legislatures may grant only part of the requested funds, and the budget

is to remain rigid over a long period of time so that the circuitous route
of upgrading is not a possibility. This may be handled in a straightforward
manner by selection according to the priorities of the projects.



add the recurring costs above those presently required, in cﬁrrent terms.
Assume, for the sake of illustration, that these excess recurring costs

are negligible). If the costs of the devices are expected to rise, then

the budget calculation must be repeated with the inflated current expen- |
ditures after the priorities are assigned and the starting date of each

project determined.

After adding all the current costs, the number of years over which the -
projects are to be initiated needs to be determined. For the sake of
illustration, assume that it is ten years. Allocation over time may be
accomplished by assigning amounts of money to be spent each year until
the funds are éxhausted. For example, if the expenditures are to be
uniform over time, then the amount to be spent each year is the total
cost divided by the number of years, or ten. This annual outlay sérves
as a budgét constraint for each year. The. priorities, then, should be
selected so that those projects yielding the greatest amount of benefit
for the given amount of funds are chosen.first. In that case, if for
whatever reason the funds run out, or new information appears, such
as new devices being developed, then the investments already put in -
place would have been the best possible under the circumstances. And,
in any event, aggregate discounted net benefits will be the largest by

using the priorities.

a, Treatment of Service L.ives -- The service lives.of the - .

-various protective devices must be made equal, by appropriate
means, before the devices may be compared to one another’ |
in an economy study. To illustrate the method and reasoning
behind this, consider a comparison of crossbucks with grade
separation for a given crbssing where crossbucks are preséntly
inst.alled. _Assume that the serviéé life of a crosévbu-:;:kjs
seven years and the service life of a grade separation is
fifty years.
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The benefits of a grade separation are measured by the”

' reduction in accident costs, motor vehicle operating costs,

and pé.ssenger delay time ccosts saved over the-existing

‘device, crossbucks. Since we are comparing a grade
'separation with crossbhucks, and we cannot assume-that the
-crossing simply disappears after seven years, we rmust assume
that the crossbucks are to be replaced every seven years

throughout the fifty-year life span of the separation.

There is a recurring initial cost of the crossbucks every
seven years that must also be included and discounted prop-
‘erly. Even though seven years is not evenly divisibie into
fiftjf years, the discount factor reduces the already small
investment in crossbucks to insignificance as fifty years

are approached.

‘Treatment of Salvage Value -- Salvage values caome into play

- in two instarices. One is where an existing protective device
is reblaced by another, In‘lthis case, the present salvage
value of the existing device is a negative cost (i,e., a
benefit) when installing a new device. That negative cost
should be combined with the installation cost of the new
device to derive a net installation cost. The present salvage
valtie of the existing device has no relevance unless the

device is to be removed.
The second use of salvage is the end-of-life value of existing
and alternative devices. The service life is supposedly

established so that the only end-of-life salvage value would
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K be‘thef\}a‘lue of parts that have: .not worn out," even though the :

B ;ent'ire' de&ice has outlived its uéefuln'ess by assumption. For .

;'vractlve dev1ces these mclude economlcally recoverable parts
~of the c1rcu1try as well as other physmal equlpment parts
We Hhave ass‘umed in this study that the costs of removing
the device cancels any salvé.ge value, La'}éof- costs of initia'l
installation are a major item and labor costs of removal are

not likely to produce much net salvage value.

- For a‘grade. separation, the "parts' have little value, but the
land purchased above that which is necessary for an ordinary
.crossing does have value. It is obviously the case that at
the end of the "'useful life" of a grade separation a choice
éxists as to what to do with the crossing. But the reality
of thé ‘situation is clear cut: separations are rarely down-
graded. - On Federal-aid grade crossing projects over the
period 1963-67, no separations were downgraded to protective
devices, Of 1951 separations'using Federal funds over this
period, 5 involved relocation and 190 were reconstructed. !
(All the rest were new separations), "Only for those'vrelocated,
then, is there any possibility that fche end;of- life land value

is a "negative cost."

But in relocation, if the highway re-
‘locates, access to the land becomes minimal, which may
make the land worth less than it originally was, If the rail-
road relocates, the land then may have possibly substantial

sé.'lvage value, On balance, then, it appears unrealistic to

1 DOT Action Group on Grade Crossing Safety, ""Federal-Aid Highway
Railway Grade Crossing Projects, 1963-1967", January 1969, p. 5.
The total of 1951 consists of 1756 separations built, 5 relocated, and
190 reconstructed. '
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include any salvage value for the land at the end of the useful

life of a separation, .

. This proposition h‘as_ its economic undefbinings . Ilfa
: separation, is economically justified in the first.place, the
. conditions most probably will remaiﬁ, so that it will also
~be justified at the next decision point in the life of the

separation,

The ewnd-of-lif“e sa'lﬁré.ge x}alue, SV, m_ay\be»,cior;v:e_rted to a
present.value, PV, by PV=SV/(1+i)", where i is the dis-
count rate and n the useful life. The present value may be
converted in_t_o an annual cost, A, by the capital,_recovery

factor,
A = PV(erf-i-n) = SV(erf-i-n) / (1+00 = SV [1/((1+1)? - 1))).
This value should, of cburse, be subtracted frorﬁ the annual

cost of installation. 1

c. Treatment of Growth Factor -- Some of the bénéfits, or costs,

- grow over time. It appears to be some\‘fvha‘cxmofe_l appropriate
to use a growth rate rather than an absolute amount of growth

- for each year (called.a "uniform gradient').

]‘Not only does Tirrell add the end-of-life salvage value to the cost of
installation, but he uses the wrong factor as well to calculate the annual
cost equivalent of the salvage value. See Steven E. Tirrell, "An
Economy Study of the San Antonio Road Crossing of Alma Street and the
Southern Pacific Railroad, Mountain View California,' in Application °
of the Principles of Engineering Economy to Highway Improvements,
Stanford University, Report EEP-8, March 1964, pp..102-103, for
example. His salvage value is, in addition, the right-of-way value,
which appears to be inappropriate. ' o T
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r For an approxilha'tion of the present ‘\lralue“(PV) of a cash

) Stream growmg at the rate of g per tune perlod for n years

| . _let PV R / (crf h- n) where R'O is the 1n1t1al value of the
cash stream and h=i- g, the discount rate: less the growth

ra’te" 'Thelogic is as followe‘- RJ R 1+g)j the value of |
the cash stream for period 3, is the 1n1t1a1 cash value multl-

 plied by the growth factor 1+g)] The present value of R 1s :
R / (1+1)J R (l+g)J / (1+1)J so that the present value of the

" the whole stream is Ro . But {(1+g) [/ (1+i)} is
_ . ‘ : (1+ 1) ‘ ‘
| . o z: 1 : »
approximately 1/ (1+i-g). Since ——— = 1/(crf-(i-g)-n),

PV = RO/ {(crf-h-n). The annual cost equivalent is, then,
Ro(crf,—i_-'n) / {crf-h-n). ' ‘

‘Ric':e andICooper1 use this approximation. They- assume thata
discount rate of 7 percent and a growth rate of 3 perceﬁt is
‘equivalent to a "'net" discount rate of 7- 3=4 percent. Itis .
"'aetualljr equivalent to a ''net" discoont-rate of 3. 9 percent, so
the approximation of 4 percent is very accurate, Indeed, it |
is not necessary to'use the exact figure of 3.9 percent, ‘since
there is enough arbitrariness in‘se'lectiﬁg the 3 percent growth
_rate, as there is in s_electing thel 7 percent discount rate, so.

that the "net' discount rate of 4 percent is accurate enou-gh."2

lc)p.cit.,;p..rgsgg;*-

Wmfrey, op c1t , gives exact present value factors for mteger growth
rates of 3, 5, and 7 percent, on pp. 59-65.
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d. Closing a Crossing -- Although we did not consider the closing

of a crossing as an alte;jnafcive_ in thé_rqpprt, it will be of some
value to list the relevant considerations in éu‘chja“‘case. To
close a crossing is primarily a political decision, but the
economic factors may be at the b;asé qf the‘ p,Olit'ir'(‘:'S. Other

. .than personal discomfort ohfbbre‘ral_king aﬁ old;habit; fthe closing
of a crossing may cause greater ‘drela‘gvy to molt_éi"‘ist's. This
appears to be the priméry economic cost faéfor lihirolved,
other than the effort required to physically close off the

crossing.

It is typically the case that higﬁway tfafﬁc 1s rléréuted to an
intersection with better protection, so th‘atlac‘clidénts are
reduced. This is the first benefit of cl-osin}g”thé vc.rossing.
These benefits may be sufficient to justify the simultaneous
closing ofacrossing and construction of alSeparation oii‘an

- active protective device on an alternativ.e ﬁighway route.
Thus, accidents may be further rreducéd and, wifh the
separation, aggregate mlotor vehicle delay tﬁne may even

- be 'reduceq.

.This is an area of further research, since consideration of

the closing of‘_crossings was. impossible in the study reported

"here.
Summary
a. Warrants -- For each crossing, that protectivé device is

warranted which produces the largest amount of the present
value of benefits minus the present value of costs. The sum

total of the current costs of the warranted imbfc_;vé'mentS‘-
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- forms the basis of a"reqﬁest‘ for funds to invest in grade

crossing safety in_stallations.l 7

Priorities -- Under very practical and realistic ‘assumptions,
priorities are assigﬁed to the warranted protective devices
by the benefit/cost ratio in order to time-phase the constric-

| tion 6f the devices.

Present Worth Versus Annual Cost -- Two alternative formu-

lations to compare benefits and cost streams over time,
present worth and annual cost, are equivalent, in that they
yield the same warrants and priorities if each is done

properly.

Treatment of Service Lives -- The service lives of each of

the protective devices mﬁst be made equal, by assuming
the same protective devices to be repeated over time up to
th;e length of life of the one with the greatest longevity (or
possibly even longer), The benefits of each device are the
aécident and motor vehicle operation and delay costs saved
over the existing device, and comparisons of benefits may
vbe made of altérnative devices only under the existence of

(hyppthetiéally contrived) equal service lives,

Treatment of Salvage Value -- Salvage values are benefits

derived from replacing an exiSti.ng device or from the sale
of parts of a device that has lived its useful life. For grade
sepératibhs, the end-of-life salvage value should properly

be zero.

Treatment of the Growth Factor -- The growth in average
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daily traffic and, hence, in accident and motor vehicle
operation and delay costs, may be taken into account by
discounting these cost streams by a ''net' discount rate,
which equals ''the' discount rate less the rate of growth of
these costs. Although it is only an approxiﬁation, it is

quite accurate.

Closing a Crossing -- Although the decision to close a crossing

is primarily a political one, econo‘mic‘:.falctors are relevant.
They are changes in (a) delay times, (b) accident costs, and
(c) the value of operating speed of the railroad, attributable
to the closing of a crossing. The application of the analysis
needs to be made on a crossing-by-crossing basis, not in

the aggregate,
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