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PREFACE

The Cepartment of Transportation's (DCT) rail-highway crossing accident
prediction formula and resource allocation model were developed at the
Transportation Systems Center (TSC) under the sponsorship of the Federal
Railroad Administration's (FRA) Office of Safety and the Federal Highway
Administration's (FHWA) Office of Research. When used together,'these
procedures provide a systematic means of assisting in making a preliminary,
optimum allocation of funds among individual crossirngs, considering available
improvement options. These procedures provide a ranked listing of crossings
which can then be used as a guide for selecting crossings for on-site visits
by diagnostic teams. States and railroads are invited to contact the FRA,
FHWA, or the authors of this report for assistance in using the resource

allocation procedures,

This report provides an overview of the use and output of these
procedures. Dr. Peter H.'Mengert/TSC had the primary role in developing the
DOT rail-highway accident prediction formula, and Dr. Edwin H. Farr/TSC had

the major role in formulating the resource allocation model.
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1. INTRODUCTICN

The Highway Safety Acts of 1973 and 1976 and the Surface Transportation
Assistance Act of 1978 provide funding authorizations for individual States to
improve safety at public rail-highway crossings. The installation of active
motorist warning devices, such as flashing lights or flashing lights with
gates, is an important part of crossing safety improvements. In support of
these safety efforts, several projects have been undertaken by the U.S.
Department of Transportation (DOT) to assist States and railroads in
determining effective allocations of funds for rail-highway crossing safety
improvement. One project is the development of a resource allocation
procedure whicﬁ assists in nominating and ranking crossings for safety
improvements to assure maximum safety benefits for a given level of funding.
DQOT's resource allocation procedure is based on two analytical tools, an
accident prediction formula and a resource allocaticn model., The purpose of
this paper is to deﬁéribe these tools and to explain the applications for the

resource allocation procedure.

A joint U.S., DOT-AAR National Rail-Highway Crossing Inventory, (DOT
Crossing Inventory) was completed in 1976.1 The DOT Crossing Inventory
contains characteristices of all rail-highway crossings in the United States,
gives uniform information on each crossing, and provides an improved basis for

rail-highway crossing accident prediction.

A number of crossing hazard formulas have been developed and used
extensively in dealing with solutions to the rail-highway crossing safety
problem. The DOT accident prediction formula is an improvement over other

hazard formulas.

Association of American Railroads (AAR)



2. THE DOT ACCIDENT PREDICTION FORMULA

The DOT accident prediétion formula, illustrated in Figure 1, can .be used

to predict the annual average number of accidents at crossings.

ACCIDENT

HISTORY OF
, | CROSSING
FRA ~ PREDICTED
RAILROAD ACCIDENT ‘ ACCIDENTS
INCIDENT REPORTING : PER YEAR AT
SYSTEM (RAIRS) | EACH CROSSING
ACCIDENT
PREDICTION
FORMULA
DOT-AAR
CROSSING -
INVENTORY _ -
DATA FILE - PHYSICAL/OPERATING
CHARACTERISTICS OF

EACH CRCSSING -

FIGURE 1. ILLUSTRATION OF THE DOT RAIL-HIGHWAY CROSSING )
ACCIDENT PREDICTION FORMULA

Federal Highway Administration, Railroad-Highway Grade Crossing Handbook,
(Washington, D.C.: U.S. Department of Transportation, August 1978).




The initial prediction of crossing accidents (a) is determined from the
basic formula described in equation 1. The basic formula.was developed by
applying nonlinear, multiple regression techniques to crossing characteristics
stored in the DOT Crossing Inventory and to accident data contained in RAIRS.
Using the basic formula, a crossing's predicted number of accidents per year
is calculated by mulﬁiplying a series of factors, each factor representing a
characteristic of the crossing described in the DOT Crossing Inventory. The
nunerical value of each factor is related to the statistical influence which

the specific crossing characteristic has on the predicted number of accidents.
The general expression of the basic formula is shown below:
a =K x EI x MT x DT x HP x MS x HT x HL (equation 1)

Three sets of equations are used to determine the values of each factor,
corresponding to the following categories of warning devices: passive warning
devices, flashing lights, and flashing lights with automatic gates. Specific
equations for the crossing characteristic factors by the three warning device
categories are shown in Appendix B. Each set of factor equations should only
be used for crossings with the warning device category for which it was
designed. To predict the number of accidents at a crossing with crossbucks
for example, the passive set of equations should be used. Numerical values of

the factors for different crossing characteristics are tabulated in Appendix C.

The predictive capacity of the basic formula is limited because certain
important crossing characteristics, such as site distance at the crossing, are
nct included in the DOT Crossing Inventory. Inclusion of actual accident
history at crossings dramatically improves the predictive capabilities of the
formula. The improved' DOT accident prediction formula is based on a weighted
average of two separately derived predictions. The two separate predictions
are obtained from: the "basic formula" (equation 1) which provides a
prediction of accidents (a) on the basis of a crossing's characteristics, as
described in the DOT Crossing Inventory; and the actual accident history at a

crossing equal to the number of previous accidents (N) divided by the number



of years of data (T). These two predictions are combined in the DOT accident

prediction formula as follows:

l=

A= 0 ‘ (a) + T
: T T '~ (equation 2)

where: T, = formula weighting factor = 1.0 / (0.05 + a).

Values for the final accident prediction (A),‘obtaihed from the DOT
" accident prediction formula (equation 2), are tabulated in Appendix A for
different‘values of the initial predictions (a) from equation 1 and the number
of accidents (N) for five years of accident history data. The most recent
_five yéars of accident histéry data should be used ternsure good performance
from the formula. Accident history information oldef than five years may be
misleading because of changes 1in crossing charactéristiés. Referring to the
table in Appendix A, the'valué of A is determined from the intersection of the
appropriate cglumn and row for the values of a and N. For example, if a =
0.10 ahd Nz 1 for five‘years of data, the predicted number of éccidents is A
= 0.143. ' '



Use of the DOT accident prediction formula is illustrated in this section.
Characteristics of a sample crossing from the DOT Crossing Inventory and RAIRS

are shown in Table 1.

TABLE 1. CHARACTERISTICS OF SAMPLE CROSSING

CHARACTERISTIC ' VALUE
Present warning device . Crossbucksl
Annual average daily highway traffic 500

Total number of trains per day 13

Number of main tracks : 2

Number of thru trains per day during

daylight o 6

Highway paved? Yes

Maximum timetable speed (mph) 40

Highway type rural minor arterial

(inventory code 06)

Number of highway lanes 2
Number of years accident data. 5
Number of accidents in T years 2

The basic formula (equation 1) is first used to determine the initial
accident prediction (a)., The values of the formula factors for a passive
crossing are determined from Table C-1: K = 0.002268; EI = 32.73; MT = 1.52;
DT = 1.58; HP = 1.00; MS = 1.36; HT = 0.82; and HL = 1.00. Substituting the

factor values in the basic formula yields:

a = K x EI x MT x DT x HP ¥ MS x HT x HL
.002268 x 32.73 x 1.52 x 1.58 x 1.00 x 1.36 x 0.82 x 1.00

= 0.20 accidents per year.

[}
[}

wn



. The final accident prediction (A) in accidents per year is determined by
combining the initial prédiction (a) with the crossing's accident histor&.
using either the DOT.accident‘prediction‘fsrmula (équatisn 1) or the table in
Appendix A for five years of accident data. With an initial accident
prediétion‘(a = 0.20) and an accident history of two accidents during the past

five years, the final accident prediction (A) is 0.31 accidents per year.

The accident prediction formula was compared with other rail-highway
crossing accident prédictisn‘msdels Statistical tests which compared these
models 1nd1cated thdt the accuracy of DOT's formula is superior for ranklng
crossings by predicted accident levels.1 Since the DOT formula is based on
" the DOT Crossing Inventory, a common data base of crossing characteristics
is -available to formula users. As the DOT Crossing‘Inventory is updated and
the RAIRS data is expanded, the. DOT accident predlctlon formula will reflect

the latest 1nformatlon
3. RESOURCE ALLOCATION MODEL

The resource allocation'model. shown as part of the resource allocation
procédUre in Figure 2, is designed to nominatercrossings for improvement and
suggest installation of the type of warning device which is cost effective and
most safe. Input to the‘resourcé allocation model includes’ the number of
“acc1dents predicted for each cr0551ng. the cost and effectiveness of dlfferent
safety improvement options, and. the budget ‘level available for crossing safety
improvement. Accident predictions can be made for a crossing by using any
accident prediction formula which computes the expected number of accidents

per year.

Peter Mengert, Rail-Highway Crdssing Hazard Prediction Research Results,
(Washington, D.C.: U.S. Department of Transportation, March 1980).

N.B.: The performance of the DOT formula described in this report is an
improved version of the one described in Dr. Mengert's report.
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The resourée allocation model requires imprbvement costs for flashing
lights ét a'passive crossing, flashing lights and gateS'éE a passiQe crossing,
and gates at a crossing equipped with flashing lights. The required cost aata
may be specified by‘the user of-thé model, or data from a recent DOT study
shown ;n Table 2 may be used.1 The cost data may be total life-cycle costs:
the sum df procurement, installation, and maintenance; or thosé associated
with a particular component of life-cycle costs. Similarly, the effectiveness
of these warning device improvement'options must be specified by the decimal
fraction by which accidents are réduced with the installation of the warning
device. Values for warning device effectiveness, determined from another DOT

study, are listed in Table 2.2

The resource allocation model is'used'initially to develop a ranked list
of benefit/cost ratios, representing improvement project decisions for each of
the crossings and options under consideration. For a crossing with multiple-
‘tracks, the model shows gates as the only improvement option. The benefit is

the number of nredicted accidents prevented per year, and the cost

TABLE 2. COST AND EFFECTIVENESS PARAMETERS FOR CROSSING WARNING DEVfCES
'IN‘1980 DOLLARS ADJUSTED BY INFLATION FACTOR (1.36)3

* IMPROVEMENT ACTION ' EFFECTIVENESS LIFE CYCLE COST

Passive to Flashing o :
Lights ‘ - 0.65 o $58, 100

Passive to Flashing. d.BM ‘ ‘$88,500
Lights with Gates. .

Flashing Lights to 0.64 $83,300
"Flashing Lights with Gates . -

! J. Heisler and J. Morrissey, Rail-Highway Crossing Warning Device Life Cycle
Cost Analysis, (Washington, D.C.: U.S. Department of Transportation, March
1980) . : o '

2 J. Morrissey, ‘The Effectiveness of Flashing Lights and Flashing Lights with

Gates in Reducing Accident Frequency At Public Rail-Highway Crossings,
(Washington, D.C.: U.S. Department of Transportation, April 1980).

3 ibid., J. Heisler and J. Morriésey. o -

20



is that specified for the warning device to be installed. The model is an aid
for the decision maker in his/her determination of the most cost-beneficial

crossing imprdovements. ﬁsing the model, the decision-maker is provided with a
list of possible improvement projects that maximize estimated benefits for the

available funding.

An example of the results of resource allocation model application is
shown in Table 3. The resource allocation model was used for a series of
funding levels. For each funding level, the table presents the number of
crossings nominated for improvement consideration with flashing lights and
flashing lights with gates, and the expected number of accidents prevented per
year. Although not shown in this example, the model also identifies each
crossing by identification number and the suggested type of warning device
which should be installed. The resource allocation model can be applied on a
nationwide basis or for any defined set of crossings, such as those of a

particular State, railroad, or region.
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APPENDIX A

Table A-1 gives the final accident prediction (A) for a crossing from the
DOT accident prediction formula (equation 1) based on an initial prediction
(a) from the basic formula (equation 2) and the crossing's five year accident

history.

If the initial accident prediction (a) is 0.20 and the crossing
experienced two accidents during the past five years, the final accident

prediction (A) would be 0.311 accidents per year.

"
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APPENDIX B

Table B-1 lists equations for determining values of crossing
characteristic factors used in the basic accident prediction formula (equation
2). A different set of equations is provided for each of the warning device
categories: passive, flashing lights, and gates. Each set of factor
equations should only be used for crossings with the warning device category
for which it was designed. To predict the number of accidents at a crossing
with crossbucks, for example, the passive set of equations would be used. For
cases indicated in the table where the equation is shown as a constant 1;0, it
was found that the characteristic did not have a statistical relationship to

predicting crossing accidents.

If the warning devices at a particular crossing were upgraded in the last
five years, it is preferable to use the set of equations for the warning
device existing prior to upgrading and multiply the resulting basic accident
prediction (a) by the appropriate effectiveness factor from Table 2. In
devéloping the final prediction (A) for such a crossing, only accident history

since the upgrading should be considered.

For example, if the warning devices at a crossing were upgraded from
crossbucks to gates two years ago, a basic accident prediction (a) should be
developed using the equation for "passive" crossings and the result should be
multiplied by 0.84. Though five years of accident history may be available,
only the accidents and the time elapsed since the upgrade (T=z2) should be used

in arriving at a final accident prediction (A).
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APPENDIX C

Tables C-1, C-2, and C-3 provide numerical values for the crossing
characteristic factors of the basic accident prediction formula (equation 2)
for various characteristic levels. A different table is provided for each of
the categories: passive, flashing lights, and gates. The values are to be
uced only for crossings with the warning device category for which it was
designed. To predict the number of accidents at a crossing-with flashing
lights, Table C-2 would be used to obtain the factor values for substitution

into the basic formula.

If the warning devices at a particular crossing were upgraded in the last
five years, it is preferable to use the set of equations for the warning
device existing'prior to upgrading and multiply the resulting basic accident
prediction (a) by the appropriate effectiveness factor from Table 2. In
developing the final prediction (A) for such a crossing, only accident history

since the upgrading should be considered.

For example, if the warning devices at a crossing were upgraded from
crossbucks to gates two years ago, a basic accident prediction (a) should be
developed using Table C-1 and the result should be multiplied by 0.84. Though
five years of accident history may be available, only the accidents and the
time elapsed since the ubgrade (T=2) should be used in arriving at a final

accident prediction (A).
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GLOSSARY

accident prediction formula - A hazard function which calculates predicted

accidents per year at a crossing.

active warning device - A warning device activated by an approaching tréin;

e.g., gates, flashing lights, highway signals, wig-wags, and bells,

basic accident prediction formula - Provides an initial prediction of a

crossing's accidents based on its characteristics in the DOT Crossing
Inventory. Results of the basic formula are used as input for the DOT

accident prediction formula.

benefit/cost ratio - Ratio of benefit expressed in the number of accidents

prevented per year to the cost of the warning systems ($).

effectiveness - Accident reduction factor for a warning device relative to

the present warning device. It is a number between zero and one; zero

means no effectiveness and one is total effectiveness.

flashing lights - An active warning device consisting of flashing red lights

that are either cantilevered or mast-mounted.

gates - An active warning device consisting of automatic gates and flashing

lights.

hazard function - Any function which gives a numerical value of the likelihood

of a motor vehicle/train collision at a rail-highway crossing.

life-cycle costs - The total net present value that is needed to procure,

_install, and maintain a warning device over its useful service,

optimum safety improvement - An imprcvement which maximizes safety berefits,

in terms of reduced accidents, for a given amount of funding.
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‘passive warning device - A warning device not activated by an approaching

train.

‘warning device - A‘device:which warns highway users that the roadway crosses

railroad trackage.

warning device categories - The following types of warning devices are

included in the three warning device categories established for the DOT

resource allocation procedure:

1. passive warning devices: crossbucks, stop signs, other signs,

and no signs or signals.
2. flashing light warning devices: flashing lights, both
cantilevered and post-mounted; highway signals, wig-wags, or

‘bells;.ahd special warnings such'as flaghen.

3.  gate warning devices: automatic gates with flashing lights.
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