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PREFACE

The Department of Transportation's (DOT) rail-highway crossing accident predic-
tion formula and resource allocation model, described in this report, 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, Development and Technology. When used together, these
procedures provide an automated and systematic means of making preliminary cost-

effective allocations of funds for improvement options among individua! crossings.

This user's guide provides complete information for application of the DOT
Procedures, Preparation of the guide was the overall responsibility of John Hitz of TSC.
Mary Cross of TSC and George Reed of Systems Development Corporation were

responsible for development and description of computer programs required for
application of the procedures,
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1. INTRODUCTION
1.1 PURPOSE

This is the second edition of a guide intended to provide interested users with
complete information for application of the DOT Rail-Highway Crossing Resource

Allocation Procedure.
1.2 BACKGROUND

The Highway, Safety Acts of 1973 and 1976 and the Surface Transportation
Assistance Acts of 1978 and 1982 provide funding authorizations for individual states to
improve safety at public rail-highway crossings. Safety improvements frequently consist
of the installation of motorist warning devices such as flashing lights or flashing lights
with gates. In support of these safety efforts, several projects have been undertaken by
the U.S. Department of Transportation (DOT) to assist states and railroads in
determining effective use of Federal funds for rail-highway crossing safety
improvement. One of these projects has developed the DOT Ratil-Highway Crossing
Resource Allocation Procedure to assist state and railroad program managers in
identifying candidate crossings for improvement. This procedure, referred to hereafter
as the DOT Procedure, recommends crossing safety improvements that yield the greatest
accident reduction benefits based on consideration of predicted accidents and casualties

at crossings, the cost and effectiveness of warning device options and the budget limit,

Two analytical methods have been developed as part of the DOT Procedure. Their
development followed completion of a joint U.S. DOT-AAR {(Association of American
Railroads) National Rail-Highway Crossing Inventory (hereafter referred to as The
Inventory), which numbered and collected inventory information for all public and
private crossings in the United States. (Ref. 1) The first analytical method included in
the DOT Procedure is the DOT Accident and Casualty Prediction Formula, which
computes the expected number of accidents and casualties at crossings based on
information available in The Inventory and crossing accident data files. The second
analytical method is a resource allocation model designed to rank candidate crossings for
improvement on a cost-effective basis and recommend the type of warning device to be
installed. This guide provides complete information on how to use these two analytical

methods.



1.3 ORGANIZATION OF GUIDE

Chapter 2 provides a technical overview of the DOT Procedure and its two major
elements, the DOT accident and casualty prediction formulas and the resource allocation

model.

Chapter 3 describes the purpose, development and characteristics of the DOT

accident and casualty prediction formulas.
Chapter 4 describes the resource allocation model and its data requirements.

Chapter 5 discusses procedures for use of the DOT Procedure. A sample

application is provided as a means of demonstrating its use for different situations.




2. DOT RAIL-HIGHWAY CROSSING RESOURCE ALLOCATION
PROCEDURE - OVERVIEW

There are currently approximately 200,000 public at-grade rail-highway crossings
in the United States. At an average cost of approximately $55,000 per installation, there
are insufficient funds available to install automatic warning systems at each of these
crossings. The DOT Procedure was designed to assist in determining how limited safety
improvement funds should be allocated to specifié crossings and warning device

improvements to achieve the greatest reduction in accidents and casualties.

Figure 2-1 illustrates the basic functions of the DOT Procedure. Inventory
information and the accident histories of the individual crossings being considered are
used by the DOT accident prediction formula to provide a list of crossings ranked by the
estimated number of accidents or casualties that will occur at each crossing. State
crossing programs commonly use such rankings, produced by various formulas, as a basis
for determining safety improvements; i.e., crossings are improved in the order of their
predicted accident levels, with the crossing having the highest accident rate treated first
and so forth. However, if the program objective Is to achieve maximum accident
reduction for a given total cost, this procedure rhust be extended to consider the
ditferent warning device options which are available for each crossing and their differing
costs and effectiveness for reducing accidents. For example, installing a flashing light
at the crossing with the tenth highest accident rate might yield a higher accident
reduction/cost ratio than installing an automatic gate at the most hazardous crossing.
Consequently, the resource allocation model uses the predicted accidents or casualties at
each crossing together with information on the safety effectiveness and costs of
alternative warning device improvements and the funding level available to determine
the most cost-effective set of improvement decisions; i.e., which crossings to improve
and the types of warning devices to install at those crossings to result in the greatest

accident or casualty reduction given the available funding.

The DOT Procedure does not dictate final decisions for crossing improvements, but
does recommend programs to aid in making informed decisions. As an analytical
procedure, its recommendations are dependent on accurate input data and assumptions.
Errors in The Inventory and assumptions regarding warning device cost and effectiveness

may cause Inappropriate recommendations. To ensure accuracy of the input data, they
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should be validated By a diagnostic team as part of their normal duties in making field
evaluations of recommended improvements. While in the field, the diagnostic team
should also make note of other considerations that may impact final improvement
decisions but are not included in the DOT Procedure. These considerations include
highway congestion, school bus and hazardous materials traffic, restricted sight distance,
and other unusually hazardous, costly or mitigating characteristics of individual
crossings. A procedure for performing this evaluation is described in Section 4.2.6.
Results of the DOT Procedure, findings of the diagnostic team, inclusion of any state
warrants and the judgement of state and local officials should all be considered before

final improvement decisions are made.

The primary role of the DOT Procedure is to assist states and railroads in
developing crossing safety improvement programs. The first stage in developing these
programs is usually to prepare a list of candidate crossings for safety improvements. To
assist in preparing this list, the DOT accident prediction formula can be used to rank
crossings by predicted accidents or casualties to identify hazardous crossings potentially
needing safety improvements. The resource allocation model can then be used to
evaluate alternative programs for improving these crossings. For example, the impacts
on program benefits of changes in key program parameters such as budget limits,
warning device installation strategies (e.g. flashing lights only, gates only) and warning
device cost and effectiveness assumptions can be determined. Analysis of these results
will help in deciding upon budget levels for crossing improvements and in determining the
effectiveness of implementing state warrants specifying installation strategies. Once
key program parameters have been decided upon, the DOT Procedure will provide an
initial recommended program, based on cost-effectiveness considerations, for review by
the state. The DOT Procedure is also useful for railroads in providing recommended
uniform improvement programs over their entire rail systems that pass through several

states.

Initial results of the DOT Procedure provide useful guidance to diagnostic teams by
specifying crossings with recommended improvements that should be field inspected and
data that must be checked for accuracy. Using the field verification procedure
described in Section 4.2.5, diagnostic teams can determine revised cost-effective
improvement decisions for particular crossings where original data were found incorrect.
The revised results cbtained by the diagnostic team then form a useful basis upon which

state and local officials can finalize crossing improvement programs.
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3. DOT ACCIDENT AND CASUALTY PREDICTION FORMULA

3.1 INTRODUCTION

Many crossing hazard formulas have been developed in the past and used exten-
sively by those concerned with rail-highway crossing safety. (Ref, 2) Ex&mples are the
New Hampshire Farmula, the Peabody-Dimmick Formula, the Mississippi Formula, and
the Chio Method. Availability of The Inventory and national accident data by crossing
were major considerations which influenced development of the DOT accident and
casualty prediction formula. The Inventory contains information on the physical and
operating characteristics of all rail-highway crossings in the United States and, thus,

affords an improved basis for rail-highway crossing accident and casualty prediction.

The DOT formulas are termed "absolute" formulas since they estimate numbers of
accidents and casualties. Other formulas, such as the New Hampshire Formula, are |
termed "relative" formulas since they provide an index which is associated with expected
accidents or casualties only on a relative basis i.e., a larger index means more expected
accidents or casualties but the relationship is not linear. The distinction between
absolute and relative formulas is important when considering use of a formula to assist in
determining cost-effective allocations of improvement funds, as discussed in Section 4.
If program effectiveness is to be measured in terms of tangible benefits such as reduced
accidents, an absolute formula must be used to ensure that the benefits of alternative
actions are consistently evaluated. The use of absolute formulas, such as the DOT

formulas, is therefore recommended to support resource allocation decisions.

Both relative and absolute formulas can be used to provide rankings of crossings on
the basis of their relative hazards. A comparison of the DOT formulas with several
other well-known formulas (Ref. 3) shows the DOT formulas to have significantly

improved performance in this regard.

The functions of the DOT accident and casualty prediction formulas are described
in Figure 3-1. The formulas provide a means of calculating the expected annual number
of accidents and casualties at a crossing on the basis of the crossing's characteristics
described in The Inventory and the crossing's historical accident experience described in
the FRA Railroad Accident/Incident Reporting Systems (RAIRS). The accident and

| Preceding page bIan‘U ;




casualty predictions are produced by the DOT formulas in two steps. Predicted
accidents are obtained in the first step using a set of formulas described in Section 3.2.
The resulting accident predictions are expressed as expected number of accidents per
year at a crossing. If desired, predicted casualties are then obtained in the second step
using another set of formulas as described in Section 3.3. The casualty calculations
depend on use of predicted accident results from the first step. The casualty predictions
for a crossing are expressed in three ways: (1) expected number of fatal accidents per
year, (2) expected number of injury accidents per year and (3) total combined casualty
index (a weighted combination of fatal and injury accidents per year).

ACCIDENT
HISTORY FOR
FRA CROSSINGS PREDICTED ACCIDENTS
CROSSING PER YEAR
ACCIDENT FOR
DATA FILE CROSSINGS
. PREDICTED CASUALTIES
ACCIDENT CASUALTY FOR CROSSINGS:
PREDICTION IR /R— PREDICTION —'-""z,.—' — FATAL ACCIDENTS
FORMULA B FORMULAS PER YEAR
- INJURY ACCIDENTS
PER YEAR
- COMBINED CASUALTY
U.S. DOT-AAR INDEX
CROSSIKG = L. \\I\\!; PHYSICAL/OPERATING
INVENTORY CHARACTERISTICS FOR
DATA FILE CROSSINGS

FIGURE 3-1. DOT RAIL-HIGHWAY CROSSING ACCIDENT PREDICTION FORMULA
3.2 DESCRIPTION OF FORMULAS FOR ACCIDENT PREDICTION

31.2,1 Qverview

Accident predictions are produced by combining two independent predictions of a
crossing's accidents to preduce a more accurate resultant prediction. The two

independent predictions are obtained from the following sources:

1. A formula described in Section 3.2.2 provides an initial prediction of
accidents on the basis of a crossing's characteristics as described in The Inventory.
This formula, termed the "basic formula", is used to predict crossing accidents in a

manner similar to other common formulas such as the Peabody-Dimmick formula.




2. A second prediction is provided by the actual observed accident history at a
crossing as described in Section 3.2.3. This prediction assumes that future
accidents per year are approximated by the average historical accident rate. It is

referred to as a crossing's "accident history".

The above two independent predictions are combined as a weighted average using

the general accident prediction formula described in Section 3.2.4.
3.2.2 Basic Formula

The initial prediction of a crossing's accidents (a) is determined from the basic
accident prediction formula described in Equation 3-1 below, The basic formula
produces a prediction on the basis of a crossing's characteristics as described in The
Inventory. The technique used for developing the basic formula involved applying
nonlinear multiple regression techniques to crossing characteristics stored in The
Inventory and to accident daté contained in the FRA Railroad Accident/Incident
Reporting System (RAIRS). The 1976 accident file and the August 1976 Inventory were
used to develop the formula. Half of the file was used to determine the formula
coefficients by regression and iteration (data set A) and the other half was used for
testing of the formula (data set B)., Data sets A and B were disjoint, of equal size and
comprised of a random sample of records from The Inventory, including all records for
which accident data existed in the RAIRS file. Each data set was categorized into two

groups of accident and nonaccident crossings.

The resulting basic formula can be expressed as a series of factors which, when
multiplied together, yield the initial predicted accidents per year (a) at a crossing. Each
factor in the formula represents a characteristic of the crossing described in The
Inventory. The general expression of the basic formula is shown below:

a = K x El x MT x DT x HP x MS x HT x HL (3-1)

where

a = initial accident prediction, accidents per year at the crossing



K= consfant for initialization of factor va;lues at 1;00*

El = factor for exposure index based on product of highway and train traffic
MT = factor for number of main tracks

DT = factor for number of thru trains per day during daylight

HP = factor for highway paved (yes or no)

MS = factor for maximum timetable speed*

HT = factor for highway type*

HL =_fa§tor for number of highway lanes

Three sets of equations are used to determine the value of each factor, cne for

each of the following three categories of warning devices:

I. Passive, including the following warning device classes:
Class | - No signs or signals
Class 2 - Other signs
Class 3 - Stop signs
Class 4 - Crossbucks

2. Flashing lights, including the following warning device classes:
Class 5 - Special e.g., flagman

Class 6 - Highway signals, wig-wags or bells
Class 7 - Flashing lights

*New formula factors not included in the previous version of the basic formula
described in References 3 and 4. ‘

10




3. Gates, including the following warning device class:
Class 8§ - Automatic gates with flashing lights

The crossing characteristic factor equations for the three warning device
categories are shown in Table 3-1. Each set of factor equations should be used only for
crossings with the warning device classes for which it was designed. For example, if it is
desired to predict the number of accidents at a crossing with crossbucks, then the

passive set of equations should be used.

The numerical value of each factor is related to the degree of correlation that a
specific crossing characteristic was found to have with crossing accident rates. For
those cases in Table 3-1 where the value of the factor is indicated as a constant 1.0, it
was found that the characteristic did not have a significant relationship to crossing

accidents.

The structure of the basic accident prediction formula makes it possible to con-
struct look-up tables of numerical values for the crossing characteristic factors. To
predict the accidents at a particular crossing whose Inventory characteristics are known,
the values of the factors are found in the table and multiplied together. The factor
values for the three warning device categories (passive, flashing lights and gates) are
found in Tables 3-2, 3-3 and 3-&, respectively. Detailed procedures for use of the tables
and computer automation of the accident prediction formula are presented in Section
5.1.

An inspection of the factor value tables shows that exposure index (EI), based on
the product of annual average daily highway traffic (c) and average daily train traffic (1),
has the strongest relationship to predicted accidents. All other factors can be seen as
having a secondary relationship to predicted accidents. It is useful in understanding the
nature of the basic accident prediction formula to plot the relationship of accidents to
the primary crossing characteristics of highway and train traffic, while holding the
secondary factors constant at nominal values. When this is done, predicted accidents (a),
can be viewed as a surface defined over the ¢, t plane. The plots are shown in Figures 3-

2, 3-3 and 3-4 for the three warning device categories. The predicted accident surface is
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portrayed by a set of equal-accident-level lines, which are analagous to contour lines on
a topographical map. The larger the accident value, the higher above the ¢, t plane is

the accident surface.

The plots show that the relationship of accidents to highway and train traffic is
strongest at low values of traffic. An increase in highway and/or train traffic from low
levels, say from 1000 to 2000 cars per day or 5 to 10 trains per day, increases the
accident level to a greater extent than a similar change at high traffic volumes, This
nonlinear relationship is important when considering the relative impacts on accident
levels of future changes in traffic patterns between crossings that currently have

different traffic volumes.

For different values of the secondary factors, the surfaces would have the same -
essential character. This is based on the observation from sensitivity results that any
change in the secondary factors, other than d {number of thru trains per day during
daylight), will cause the surface to be changed only by a constant. For dififerent values
of d, the multiplier of the surface is a function of d, and hence the effect is more
complex, but it is expected that the character of the surface would not change

significantly.

3.2.3 Accident History

The second independent prediction of a crossing's accident rate is derived from the
crossing's accident history. This information is obtained from the FRA RAIRS file which
contains records of all accidents that occurred at crossings. The required measure of
accident history is the ratio N/T where N is the number of accidents which occurred at a
crossing over a period of T years. At this time (July, 1984), the FRA RAIRS has 9 years

of accident data correlated with The Inventory.

Use of accident history, along with the prediction obtained from the basic formula,
improves the overall prediction. This improvement results because accident history
serves as a surrogate for other characteristics which affect crossing hazards but are not
included in the Invéntory; e.g., sight distance. The most accurate predictions, in theory,
will result from use of all the available accident history, assuming crossing
characteristics remained constant. However, the extent of improvement is minimal if
data for more than 5 years are used. It is therefore recommended that only data for the

most recent 5 years of accident history be used. This ensures both good performance
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from the accident prediction formula and use of the most relevant data. Accident
history information older than 5 years may be misleading because of changes that occur
to crossing characteristics over time. If it is known that a significant change has
occurred to a crossing during the most recent 5 years, such as a warning device upgrade,

only the accident data since the change should be used.

3.2.4 General Accident Prediction Formula

The general DOT accident prediction formula can be expressed as follows:

T T N
A=—0—(ii)4-

T (3-2)
To + T To + T T

where
A = final accident prediction, accidents per year at the crossing

a = initial accident prediction from basic formula {equation 3-1),

accidents per year at the crossing

N - - accident history prediction, accidents per year, where N is

the number of observed accidents in T years at the crossing
To = formula weighting factor = 1.0 / (0.05 + a)

The general DOT accident prediction formula (Equation 3-2) calculates a weighted
average of a crossing's predicted accidents from the basic formula (a, Equation 3-1) and
accident history (N/T). Values for the final accident prediction (A), obtained from
Equation 3-2, for different values of the initial prediction (a), from Equation 3-1, and
different accident histories (N/T) are tabularized in Tables 3-5 to 3-9. Each table
represents results for a specific number of years for which accident history data are
available. If, the number of years of accident data, T, is a fraction, the final accident
prediction, A, can be interpolated from the tables or determined directly from the

formula.
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Referring to Tables 3-5 to 3-9, the value of the final accident prediction (A) is
determined from the intersection of the appropriate column and row for the values of
the initial prediction (a) and the observed number of accidents (N). Thus, if a = 0.05 and
N = 4, for T = 5 (Table 3-9), the number of predicted accidents (A) is 0.300.

An investigation of the general DOT accident prediction formula and the tables

will show the following interrelationship of A, a, and N/T:

. The final prediction (A) will be a weighted average of a and N/T,
i.e., it will lie between the values of a and N/T.

2. If a = N/T, then the final prediction (A) will equal a and N/T.

3. If no accident history is available, T = 0, then the final prediction (A) will
equal the initial prediction (a) from the basic formula.
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3.3 DESCRIPTION OF FORMULAS FOR CASUALTY PREDICTION

3.3.1 Qverview

The effort to develop casualty prediction formulas was motivated by the
recognition that rail-highway crossing accidents are not equally severe. In recent years
about 67 percent of crossing accidents resulted in no casualties while all fatalities
resulted from only 6.6 percent of all accidents. Clearly, crossings that exhibit a
tendency toward more severe accidents, should be given priority for safety
improvements. A formula which can help in identifying these crossings will improve the
safety benefits obtained from crossing improvements. The casualty prediction formulas
described here represent the results of a successful effort to achieve that objective.
(Ref. 4)

Two casualty prediction formulas have been developed, a fatality prediction
formula and an injury prediction formula. When used with the accident prediction
formulas, described in Section 3.2, these two formulas provide two measures of accident
severity, predicted fatal accidents and predicted injury accidents. A fatal accident is
defined as an accident which results in at least one fatality independent of injuries or
property damage. An injury accident is an accident which results in no fatalities and at

least one injury independent of property damage.

The casualty prediction formulas are designed to be used with the general accident
prediction formula {Equation 3-2) to produce the estimates of fatal and injury accidents
per year at crossings. The casualty prediction formulas used without the accident
prediction formula produce estimates of the probability of a casualty accident given that
an accident occurred. For example, the fatality prediction formula estimates the
probability of a fatal accident given that an accident occurred at a crossing; i.e., fatal
accidents per accident. When this estimate is multiplied by the crossing's estimated
accidents from the accident prediction formula (Equation 3-2) the result is predicted
fatal accidents per year at the crossing. As a further illustration, if a crossing has a
predicted accident rate of 0.5 accidents per year and a predicted fatal accident
probability of 0.2 fatal accidents per accident, the result will be a predicted fatal

accidents per year of 0.l.

In addition to predicted fatal and injury accidents per year, a third measure of

accident severity can be obtained from use of the casualty prediction formulas. This
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measure, referred to as the combined casualty index (CCI), is a weighted sum of the
fatal and injury accident predictions. It provides a more comprehensive index of
accident severity; however, its use involves making judgements as to the relative

severity of fatal and injury accidents.

Development of the casualty prediction formulas involved performing regression
analyses of data on crossings which experienced accidents. The dependent variables for
the fatality and injury regression formulas were allowed one of two values indicating
whether the accident did or did not result in a fatal or injury accident. The independent
variables represented various characteristics of the accident crossings as desribed in the
inventory. Accident and inventory data for 1978, 1979, and 1980 were used for formula
development. The resulting formulas were evaluated using 1981 data. The regression
procedure used is referred to as the logistic descriminant approach which employs an
iterative weighted regression technique. This approach is the same as that used in
development of the accident prediction formulas. (Ref. 3)

3.3.2 Fatality and Injury Prediction Formulas

The formulas for predicting the probabilities of fatal accidents and injury accidents
can be expressed in terms of several factors which are combined by simple mathematical
operations in é manner similar to the basic accident prediction formula (Section 3.2.2).
Each factor in the formulas respresents a characteristic of the crossing as described in

The Inventory. The probability of a fatal accident given an accident is expressed as:

P(FAIA) = 1/{1 + CF x MS x TT x TS x UR) (3-3)

where: P(FAIA) = probability if a fatal accident, given an accident

CF = formula constant (695)

MS = factor for maximum timetable train speed
TT = factor for thru trains per day

TS = factor for switch trains per day

UR = factor for urban or rural crossing
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The probability of an injury accident given an accident is expressed as:

P(IAIA) = (1 - P(FAIA))/(1 + CI x MS x TK x UR) (3-4)

where: P(IAIA) = probability of an injury accident, given an accident
P(FAIA) = probability of a fatal accident, given an accident, obtained from

Equation 3-3.

Cl = formula constant (4.280)

MS = factor for maximum timetable train speed
TK = factor for number of tracks

UR - = factor for urban or rural crossing

The equations for calculating values of the crossing characteristic factors are
listed in Table 3-10 for the fatal accident probability formula and Table 3-11 for the
injury accident probability formula. To simplify use of the formulas, the values of the
crossing characteristic factors have been tabulated for typical values of crossing
characteristics. These values are to be found in Tables 3-12 and 3-13 for the fatal
accident and injury accident probability formulas, respectively. An inspection of the
factor value tables shows the relative influence of the various factors on accident
severity. In the case of fatal accident severity (Table 3-12) maximum timetable train
speed has factor values which range over two orders of magnitude while the other factor
values range over less than one order of magnitude. Maximum timetable train speed,
therefore, has a much stronger influence on fatal accident severity than the number of
trains or the urban-rural location of the crossing. For injury accident severity (Table 3-
13) the number of tracks has a slightly greater influence on severity than maximum
timetable train speed. The urban-rural location of the crossing has the least influence on

injury accident severity.
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TABLE 3-10. EQUATIONS FOR CROSSING CHARACTERISTIC FACTORS FOR FATAL
ACCIDENT PROBABILITY FORMULA

Fatal Accident Probability Formula: P{FAIA) = 1/(1 + CF x MS x TT x TS x UR)

CROSSING CHARACTERISTIC EQUATION FOR CROSSING

FACTOR CHARACTERISTIC FACTOR
Formula constant CF = 695

Maximum Timetable Train Speed Factor MS = ms-1-074

Thru Trains Per Day Factor TT = (tt + 1) -0-1025
Switch Trains Per Day Factor : TS = (ts + 1)0.1025
Urban - Rural Crossing Factor ' UR = e0.1880ur

where:

ms = maximum timetable train speed, mph
tt = number of thru trains per day
ts = number of switch trains per day

ur: urban crossing = 1, rural crossing = 0
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TABLE 3-11. EQUATIONS FOR CROSSING CHARACTERISTIC FACTORS FOR
INJURY ACCIDENT PROBABILITY FORMULA

Injury Accident Probability Formula: P(IA'A) = (1 - P(FA'A))/(1 + CI x MS x

TK x UR)
CROSSING CHARACTERISTIC EQUATION FOR CROSSING
FACTOR CHARACTERISTIC FACTOR
Fatal Accident Probability P(FA!A), see Equation 3-3
and Table 3-10
Formula Constant CI = 4.280
Maximum Timetable Train Speed Factor MS = ms-0.233%
Number of Tracks Factor TK = ¢0.1176tk
Urban - Rural Crossing Factor UR = e0.1844ur

where:
ms = maximum timetable train speed, mph
tk = total number of tracks at crossing

ur: urban crossing = 1, rural crossing = 0
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To obtain predicted numbers of fata! and injury accidents the fatal and injury
accident probabilities, from Equations 3-3 and 3-4, are multiplied by predicted accidents
from Equation 3-2. Hence, the formula for predicted fatal accidents at a crossing is;

FA = P(FAIA) x A (3-5)
where: FA = predicted fatal accidents per year

P(FAIA) = predicted fatal accident probability from Equation 3-3

A = predicted accidents per year from Equation 3-2

The formula for predicted injury accidents at a crossing is:

IA = P(IAIA) x A (3-6)
where: IA = predicted injury accidents per year

P(IAIA) = predicted injury accident probability from Equation 3-4

A = predicted accidents per year from Equation 3-2

To illustrate characteristics of the fata! and injury accident probability formulas,
the two functions P(FA1A) and P(IAIA) are plotted as a function of maximum timetable
train speed in Figure 3-5, The figure contains five individual plots which show how the
tunctions change when one of the other four factors which influence accident severity
(thru trains, switch trains, tracks and urban-rural location) is varied. The values of the

factors are shown on the individual plots.

Several observations can be made regarding the characteristics of the functions.
The probability of a fata! accident given an accident P(FAIA) increases asa nearly linear
function of timetable train speed. Changes in the number of thru and switch trains or
the urban-rural location of the crossings does not have a major influence on fatal
accident probability.

The probability of an injury accident given an accident P(IAIA) increases as a
nonlinear function of timetable train speed. Injury accident probability generally
increases rapidly with timetable train speed and then remains relatively constant beyond

40 mph. The function actually decreases at high speeds under certain conditions,
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This is expected since, as accident severity increases, casualties will increasingly be
fatalities rather than injuries. The number of tracks at the crossing has a significant
influence on the function (injury accident probability decreases with the number of

tracks); however, the urban-rural location has only a minor influence.

The extreme nonlinear nature of the injury accident probability formula presents
problems with its use for resource allocation purpose, Since it does not consistently
increase with actual accident severity, crossings with high actual severity could be
ranked lower than crossings with lesser actual severity. Resource allocation priorities
based on predicted injury accidents can therefore prbduce less than optimal results. For
this reason, the preferred measure for resource allocation purposes is fatal accident
probability by itself or combined with injury accident probability as described below to

produce a combined casualty index.

3.3.3 Combined Casualty Index Formula

The severity of crossing accidents, measured by casualties, has two dimensions,
injuries and fatalities. On a casualty severity scale those accidents of lower severity
will tend to have more injuries while those of higher severity will tend to have more
fatalities. The frequency distribution of accident severity tends to be the opposite; i.e.,
injury accidents tend to be more frequent than fatal accidents. Thus, a comprehensive
indicator of total accident casualty impacts should take into account both the number
and nature (i.e., injuries versus fatalities) of accident casualties. Using this approach, a
crossing that has, for example, many injury accidents can be considered on the same
scale as one with few fatal accidents. The combined casualty index (CCI) formula was

developed to achieve this objective.

The CCI formula is a weighted sum of the predicted fatal and injury accident
probabilities obtained from Equation 3-3 and 3-4%, respectively. It is expressed as

follows:

P(CCI) = K x P(FAIA) + PIAIA) (3-7)
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where: P(CCI)
K
P(FAIA) = probability of a fatal accident, given an accident,

u

combined casualty index probability

formula weight selected by user

obtained from Equation 3-3
P{IAIA) = probability of an injury accident, given an accident,

obtained from Equation 3-4

The CCI formula can be considered an "equivalent injury" accident probability

function, Tt converts fata! accident to equivalent injury accident probability using the

constant K and adds this value to the injury accident probability value, The user of the

P(CCI) formula must specify a value for the constant K. This value indicates the

relative impact of fata! versus injury accidents, The user is best qualified to determine

the basis upon which an appropriate value of K is to be selected. A number of studies

have been performed that are relevant to this topic, {(Ref. 13 and 14) Based on results
of accident costs in Reference 14 a default value of 50 for K was chosen for the DOT

Procedure,

The probability value, P(CCI), obtained from Equation 3-7, must be multiplied by

the accident prediction, from Equation 3-2, in a manner similar to the fatal and Injury

accident probability values, to yield the predicted CCI value for the crossing:

CCl=P(CCDH x A

where; CCI = combined casualty index
P(CCI) = combined casualty index probability from Equation 3-7
A = predicted accidents per year from Equation 3-2,

37 /38

(3-8)






4. RESOURCE ALLOCATION MODEL

4.1 INTRODUCTION

The resource allocation model was developed to assist state and railroad officials
in the crossing safety improvement decision process. (Ref. 5) The procedure provides
initial recommended lists of crossing improvements for consideration. These initial
recommendations may be used by states to guide the on-site inspection of crossings by
diagnostic teams. Revised results based on information obtained by the diagnostic teams
provides a useful set of recommendations upon which state and railroad officials can

finalize crossing safety improvement plans.

The resource allocation model can provide safety improvement recommendations
for two general categories of motorist warning devices upgrades: (1} active warning
devices (i.e., flashing lights and gates) and (2) standard highway stop signs. The user of
the resource allocation model has the option of selecting either or both sets of
recommendations. Descriptions of the resource allocation model for active warning

devices and stop signs are provided below in Sections 4.2 and 4.3, respectively.
4.2 RESOURCE ALLOCATION MODEL FOR ACTIVE WARNING DEVICES
4.2.1 Overview

The resource allocation model for active warning devices provides a list of
crossings with recommended warning device improvements. The recommendations are
based on achieving the greatest accident or casualty reduction for the available budget,

given the cost and safety effectiveness of the active warning device options.

Input to the resource allocation model includes predicted accidents or casualties
for the crossings being considered, costs and effectiveness of the different safety
improvement optians {e.g., flashing lights and gates), and the budget level available for
safety improvement. Accident or casualty predictions for crossings can come from any

LPreceding page blank
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prediction formula which computes number of accidents or casualties per year. The DOT
accident and casualty prediction formula described in the previous section were
developed for this purpose.

Cost data for the warning device options may include total life cycle costs (the
sum of procurement, installation, and maintenance), or the costs associated with only a
particular phase of a project. These costs are needed for the following categories of
active warning device improvements currently considered by the model: flashing lights
for a previously passive crossing, gates for a previously passive crossing, and gates at a
crossing previously equipped with flashing lights. Cost data on warning device
improvements which can be used for the resource allocation model are presented in
Section 4.2.4.

Warning device effectiveness required by the resource allocation model is defined -
as the decimal fraction by which accidents are expected to be reduced by installation of
a warning device. Effectiveness is a relative measure involving both existing and

proposed warning systems at a crossing to be upgraded. If automatic gates have an

if“\,:‘

effectiveness of 0.83, when installed at a crossing with a passive warning device, the

accident rate at the crossing will be reduced by 83 percent. Automatic gates installed at ¥
a crossing with flashing lights would have a lower effectiveness. An improvement which L
completely eliminates accidents, such as grade separations or closures, would have an =
effectiveness of 1.0 i.e., it is 100 percent effective. Values of effectiveness for

different active warning device improvement combinations are presented in Section

4.2.5.

The budget level for crossing improvements, used as input to the resource
allocation model, should include the total multi-year funding available, even though it
may exceed a single year's budget. The reason for this is that the resource allocation
model will produce a different and possibly conflicting set of decisions depending upon
the budget level used. If, for example, the first-year budget of a 2-year program is used,
a specific set of decisions will result from the model. Use of the model again for the
next year's budget, incorporating the crossing improvements made the previous year, will

result in a new set of decisions. Some of the new decisions may involve further
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improvements to crossings just upgraded the previous year, resulting in an inefficient
program. The best approach would have been to use the total 2-year budget for the first

application of the model, and then fund the improvement decisions over a 2-year period.

The resource allocation model is intended to assist state and railroad planners in
formulating decisions on crossing improvements. There are a number of applications
where the model can be useful in this role. In its priméry application, the model could
use the state listing of crossings, ranked by predicted accidents or casualties, to produce
a list of suggested improvement projects. The project list indicates which crossings are
to be upgraded and the type of upgrade to be performed. The state can then use this
suggested program as a basis to select crossings for on-site inspections by diagnostic
teams. The diagnostic teams can validate original data used by the model, revise the
suggested program if data has changed and obtain additional information on potential
crossing hazards for consideration prior to finalizing program plans. A procedure for
accomplishing this evaluation process is described in Section 4.2.6.

The resource allocation model can also be used to assess the sensitivity of
improvement decisions to variations in the input parameters of warning device cost and
effectiveness and predicted crossing accidents. 1f, for a given crossing or set of
crossings, these parameters are known to be different than originally assumed, the new
values can be substituted into the model and new results obtained. The effect of the new
parameters can be assessed by a comparison of new improvement decisions with those
resulting from the previous assumptions. This type of application is useful in evaluating
the impacts of known or proposed changes in crossing characteristics, such as increases

in train or highway traffic on certain routes, or closures of specific crossings.

The resource allocation model is also useful for evaluating the impacts of
alternative program strategies. The model can be easily modified to incorporate
constraints imposed on certain improvement actions by state warrants or guidelines. An
example of such a constraint would be a gates-only policy at crossings with train speeds
exceeding certain values. Variations in program budgeting such as inclusion versus
exclusion of warning device maintenance costs and single-year versus multi-year funding

limits, can also be evaluated with the resource allocation model.
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4,2.2 Description of Model Algorithm

Three categories of warning device classes are considered by the resource
allocation algorithm, and are the same categories evaluated by the accident prediction
formulas. Warning device classes 1 through 4 are grouped together and called "passive"
warning systems, meaning that they are not train-activated devices. Classes 5, 6, and 7
are grouped together and called "flashing lights," since public crossings which are
equipped with flashing lights predominate in this category. Class 8 remains as a separate
warning device category called "gates".

Table 4-1 is a matrix showing the effectiveness and cost symbols for the three
warning device groupings used in describing the resource allocation algorithm. The
matrix reflects the possible combinations of active warning device improvements
currently considered by the model. For passive crossings, single track, two upgrade
options exist, flashing lights or gates. For passive, multiple-track crossings, the model
allows only the gate option to be considered in accordance with Federal regulations.*
For flashing light crossings, the only improvement option is gates. The model can be
modified by extending the basic logic to include other options, however, it would also be
necessary to determine the costs and effectiveness of any additional options that are

considered.

For each combination of existing and proposed warning device, a pair of
parameters (Ej,CJ-), as shown in Table 4-1, must be provided for the resource allocation
algorithm, where j = 1 for flashing lights installed at a passive crossing, j = 2 for gates

installed at

*¥23 CFR 646.214(b)(3)(1)
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TABLE 4-1. EFFECTIVENESS/COST SYMBOL MATRIX

------- PROPOSED WARNING DEVICE = = = = = = -
FLASHING LIGHTS AUTOMATIC GATES
EXISTING WARNING EQUIPMENT EQUIPMENT  EQUIPMENT EQUIPMENT
DEVICE EFFECTIVENESS  COST EFFECTIVENESS  COST
Passive Eq Cq Eo Ca
Flashing Lights _ _ Ej C3

a passive crossing, and j = 3 for gates installed at a crossing with flashing lights. The
first parameter (E;) is the effectiveness of installing the proposed warning device at the
crossing. The second parameter (C;) is the corresponding cost of the proposed warhing

device.

The resource allocation model considers all crossings with either passive or flashing
light warning devices as candidates for improvements. If, for example, a single-track
passive crossing, 1, is considered, it could be upgraded with either flashing lights, with an
effectiveness E|, or gates, with an effectiveness of E». The number of predicted
accidents or casualties at crossing 1 is ACj; hence, the reduced accidents or casualties
per year is AC{E| for the flashing light option and AC;E; for the gate option. The
corresponding costs for these two improvements are C| and C5. The accident or
casualty reduction/cost ratios for these improvements are AC{E |/C| for flashing lights
and ACjE2/Cy for gates. The rate of increase in accident or casualty reduction versus
costs that results from changing an initial decision to install flashing lights with a
decision to install gates, at crossing 1, is referred to as the incremental accident or
casualty reduction/cost ratio and is equal to AC{{E2-E |)/(C2-C|). The incremental
accident or casualty reduction/cost ratio is used by the algorithm to compare the cost-
effectiveness of a decision to further upgrade a passive crossing from flashing lights to
gates with an alternative decision to upgrade another crossing instead. If a passive
multiple-track crossing, i, is considered, the only improvement option allowable would be

installation of gates, with an effectiveness of E9, a cost of C3 and an accident or
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casualty reduction/cost ratio of ACj E2/C9. If crossing i was originally a flashing light
crossing, the only improvement option available would be installation of gates, with an
effectiveness of E3, a cost of C3 and an accident or casualty reduction/cost ratio of
ACE3/C3.

The resource allocation algorithm systematically computes the accident or
casualty reduction/cost ratios, including incrementals, of all allowable improvement
options for all crossings under consideration. The individual accident or casualty
reduction/cost ratios are then sorted and selected by the algorithm so that the
associated improvements result in the maximum accident or casualty reduction
obtainable for the available budget. The total cost of the improvements is the sum of
the individual project costs (C|, C and C3). The total accident or casualty reduction is

the sum of the individual accident or casualty reductions of the form ACjE;.

A flow diagram describing the logic of the resource allocation algorithm is shown
in Figure 4-1. The input to this program consists of the set of crossings for which the
model is to apply, the accidents or casualties predicted per year for these crossings, the
warning device parameters (E|, E, E3, C|, C2, C3) and the available budget (CMAX). It
should be noted that more than one value for each of the six effectiveness and cost
parameters can be provided to the algorithm. Thus, for example, several values of E,
can be used to account for different crossing situations. Multiple effectiveness values
for each type of upgrade, currently available for the algorithm, are discussed in more

detail in Section &.2.5.

The algorithm, described in Figure 4-1, proceeds according to the following steps in

computing optimal resource allocations.

Step 1: The reasonable assumption is made for the algorithm that E; >E| and C5 >
C|. This assumes that gates are more effective at passive crossings than flashing lights
and that gates cost more. However, the effectiveness/cost ratio for flashing lights
(E1/C|) could be greater or less than that for gates (Eo/Cy). If E|/C|>E2/C}, the
algorithm computes incremental accident or casualty reduction/cost ratios for all
allowable improvements at each crossing according to the procedure outlined in step 2A-
below. Step 2A is based on the assumption that flashing lights have a greater
effectiveness/cost ratio than gates. If the opposite is true -- that gates have an
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effectiveness/cost ratio equal to or greater than flashing lights (E|/C| < E3/C>7) -- then
step 2B is followed for computing the improvement accident or casualty reduction/cost

ratios. Step 2B assumes that gates will always be installed at passive crossings.

Step 2A: In step 2A, two accident or casualty reduction/cost ratios are calculated
for each single-track passive crossing, ACjE{/C| and the incremental ratio AC;j (Ep-
E|)/{C2 -C}), where AC;j is the number of accidents or casualties predicted per year for
the crossing. These two ratios correspond to the two actions available for single-track
passive crossings, either to install flashing lights or a revised decision to install gates.
For multiple-track passive crossings, only the accident or casualty reduction/cost ratio.
for installation of gates is calculated (AC{E2/C2), to conform with Federal regulations.
For each crossing equipped with flashing lights, the algorithm computes AC;E3/C3,
corresponding to an upgrading from flashing lights to gates. The accident or casualty
reduction/cost ratio is represented in units of accidents or casualties prevented per year

per dollar.

Step 2B: The algorithm computes the accident or casualty reduction/cost ratio
AC{E,/C; for passive crossings and the ratio AC;E3/C3 for crossings with flashing lights.
These accident or casualty reduction/cost ratios are associated with installing only gates
at crossings. For the step 2B case, these actions are always optimal to the alternative of
installing flashing lights, since the accident or casualty reduction/cost ratio and the

absolute cost of gates are greater than for flashing lights.

Step 3: Regardless of whether step 2A or 2B is followed, all of the accident or
casualty reduction/cost ratios calculated by the algorithm are ranked with the largest
first. The list of accident or casualty reduction/cost ratios represents a sequence of

optimal decisions starting with the top of the list.

Step 4: This step consists of a series of iterations, where the algorithm progresses
down the list of ranked accident or casualty reduction/cost ratios. This process is
equivalent to making the optimum decision of achieving the maximum accident or
casualty reduction for each additional increment in cost incurred. If the accident or
casualty reduction/cost ratio at any given step on the list is calculated as AC{E|/C[, a
decision is made to install flashing lights at a passive crossing, with an accident or

casualty reduction of AC{E| and cost of Cy. If the accident or casualty reduction/cost
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ratio is AC; (E»-E )/(C2-C ), a previous decision to install flashing lights is changed to
installation of gates at a passive crossing. The incremental accident or casualty
reduction of changing the previous decision is AC{(E»-E|), and the incremental cost is C»
-C|. If the accident or casualty reduction/cost ratio is AC{E2/C3, then a decision is
made to install gates at a passive crossing without prior consideration of flashing lights.
The accident or casualty reduction is ACjE7 at a cost of C. If the accident or casualty
reduction is AC{E3/C3, then a decision is made to install gates at a crossing which had
flashing lights. The accident or casualty reduction is ACjE3 at a cost of C3. The total
accident or casualty reduction at each step is the sum of the previous accident or

casualty reductions, and the total cost is the sum of the previous costs.

In addition to determining the total accident or casualty reduction and cost at each
step, the algorithm also determines the particular warning systems which are to be
installed at particular crossings. Since the crossings which were affected are known, the
actual accidents or casualties, location, and all other information in The Inventory for
those crossings, are also known. Thus, the output of the program could include any of
this information and any computations based on this information. Several types of

output are shown in Section 5.2.

Step 5: The cumulative total cost at each step, proceeding down the list of
accident or casualty reduction/costs ratios, is compared with the available budget
specified as input to the algorithm. When the total cost equals or exceeds the budget,

the program ends. Otherwise, the sequential procedure described in step 4 continues.

4.2.3 Demonstration of Model Algorithm

To demonstrate operation of the algorithm, an example which considers the three
crossings described in Table 4-2 follows. For this example predicted accidents, Aj,
rather than predicted casualties will be used as the measure of crossing hazard. The
predicted accidents per year and current warning device information for the crossings
together with assumed warning device cost and effectiveness parameters, presented in
Table 4-3, constitute the input data for the algorithm.
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TABLE 4-2. SAMPLE CROSSH}EQ&)?OR ALGORITHM DEMONSTRATION

PREDICTED
CURRENT ACCIDENTS
WARNING PER YEAR
CROSSING DEVICE Aj
Xy (single track) Passive A1 = 0.3
X> Flashing Ay = 0.2
Lights
X3 Flashing Az = 0.1
Lights
TABLE %-3. EFFECTIVENESS/COST INPUT DATA
------- PROPOSED WARNING DEVICE = = = = = - -
FLASHING LIGHTS AUTOMATIC GATES
EXISTING WARNING EQUIPMENT EQUIPMENT EQUIPMENT EQUIPMENT
DEVICE EFFECTIVENESS COST EFFECTIVENESS  COST
Passive E1 = 0.7 Cq = $25,000 Ep = 0.9 Co = $45,000
Flashing Lights -- -- E3z = 0.667 C3 = $35,000
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The algorithm proceeds through the following steps which were described in the previous

section and in Figure 4-1,

Step 1: The effectiveness/cost ratio for flashing lights (E1/C)) is greater than that for
gates (E3/C2); hence, the algorithm follows step 2A, (See Figure 4-1) This implies that the
most effective first action which can be taken at a passive crossing is the installation of

flashing lights.

Step 2A: The crossings are selected for analysis by the algorithm in the order they
appear in Table 4-2, For each crossing selected, the appropriate accident reduction/cost
ratios are calculated, corresponding to all the allowable warning device improvements which

may be made. The results of these calculations are shown in Table 4-4.

Step 3: The accident reduction/cost ratios, as calculated in step 2A, are ranked in
descending order, beginning with the largest. The warning device improvement action at each
crossing, represented by the ratios and corresponding cumulative accident reduction and cost,

are tabulated in Table 4-5.

Step #: From the ranked list in Table 4-5, the first action selected by the algorithm
corresponds to the first ranked accident reduction/cost ratio: installation of flashing lights at
crossing X | with a cost of $25,000. The next action selected by the algorithm corresponds to
the next ranked accident reduction/cost ratio: installation of gates at crossing X7, resulting in
a cumulative cost of $60,000 for the first two projects. The algorithm proceeds in this manner
until the cumulative total cost of all improvement actions equals the available budget
(CMAX). It should be noted that the third action selected by the algorithm does not involve an
additional crossing, but revises an earlier decision to install gates rather than flashing lights at
crossing X 1. This type of revision is typical of the algorithm for normal applications, as
additional funding is made available. For the above example, if a total of $115,000 were
available for improvements (CMAX = $115,000), the algorithm would proceed through the
fourth item on the list involving crossing X3. The overall improvement actions for $115,000
would result in the installation of gates at all three crossings.

49



g-0L X 6°1

000°G€ §3Y8TT] €
7990 JL°0 = 0/¥V ———-- ---—- Sutyserd X
g-0L X g°¢ =
000°‘GE §3USTT
7990/ 2°0 = 0/4V - —mmes Buryserd X
g-0T X 0°€ = -0T X f°g =
..... 000°G2 - 000‘GH 000°s AoeI] OTBUTS
1°0 - 6°0 J£°0 = 0/4y 1°0 [0 = o/uy 9ATSSBd bx
£ lyg = ¢ Ly
TV = o/uv T 2V = 0/4¥ 3 JFv = osuw
DNISSOHD *DNISSOHO FAISSVd :DNISSOY¥D d0IAIA DNISSOHD
IHOIT IV S3IYD OL HAISSYd LV DNINYYM
ONIHSVId IV SIHDIT ONIHSY1d SLHOI'T ONIHSY1d INF¥YUNI
SALYD TIVISNI ONITIVISNI WOMd TIVISNI
NOISTO3d ESIAZY
- - =-=-=-=--=-----SNOILdO INIWIAOHdWI -~ = = = = = = = - -
SOLLYY 1SOD/NOILDNATY LINTAIDDVY 4O NOILYINDTVD 3z dALS *4-4 31dVL

50



TABLE 4-5. STEP 3: RANKING OF ACCIDENT REDUCTION/COST RATIOS

Ejh; LEjA; Lcy
ACCIDENT WARNING DEVICE ACCIDENTS CUMULATIVE .
REDUCTION/COST  IMPROVEMENT REDUCED ACCIDENTS CUMULATIVE
RANK  RATIO ACTION PER YEAR REDUCED COSTS
PER YEAR
1 8.4 x 10-6 Install Flashing 0.21 0.21 $25,000
Lights at
Crossing X1
2 3.8 x 10-6 Install Gates at 0.13 0.34 $60,000
Crossing Xp
3 3.0 x 10-6 Install Gates at 0.06 0.40 $80,000
Crossing X4
y 1.9 x 106 Install Gates at 0.07 0.47 $115,000

Crossing X3

4.2.4 Active Warning Device Cost Data

As described above, the resource allocation model requires data on the costs of the

warning device improvement options. A study has been performed to determine average

national values for these costs. (Ref. 6) The costs determined include the initial

installation costs (including procurement) and the net present value (NPV) maintenance

costs over the life of the equipment which are added together to yield the total life

cycle cost. These costs were originally determined in 1977 dollars. An additional study

was performed by the Association of American Railroads (AAR) in 1982 to determine the

annual maintenance costs of warning devices.(Ref. 7) The AAR study results for

maintenance costs were combined with the earlier study results for installation costs and

updated to 1983 dollars using the procedure outlined below. These 1983 warning device

costs are presented in Table 4-6.

51



TABLE 4-6. WARNING DEVICE IMPROVEMENT COSTS, 1983

NPV NPV
IMPROVEMENT INSTALLATION MAINTENANCE LIFE CYCLE
OPTION COST COST “COST
Passive to Flashing Lights, Cj $43,800 $10,700 $54,500
Passive to Gates, Cp $65,300 $18,700 $84,000
Flashing Lights to Gates, C3 $58,700 $18,700 $77,400

The category of costs that are used as input to the resource allocation model
(installation, maintenance, life cycle or some combination of these) can be determined at
the discretion of the user. Installation costs reflect the immediate costs to the state and
Federal Government of completing the project. Maintenance costs are the long term
recurring costs of the project, usually to the railroads; however, some states share in
these costs. Total life cycle costs reflect the project's total cost over its useful life.

Since the costs shown in Table 4-6 have been infiating, a procedure has been
developed to produce multipliers for the installation and maintenance costs that will
increase their amounts to current dollars. The procedure uses the annual index of
charge-out prices and wage rates from the AAR. (Ref. 8)’
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The inflation multiplier for installation costs (MI) is determined from the average
increase in the "Materials and Supplies" index, (MS) and the "Wage Rate" index (WR)
from the year for which the latest cost information is available. The 1983 values for the
MS and WR indexes are 140 and 179 respectively. The multiplier for installation costs,

MI, for some future year beyond 1983 is therefore:

MI = (MS/140 + WR/179) (4-1)
2

where

MI = inflation multiplier for installation costs
MS = materials and supplies index for the current year
WR = wage rate index for the current year

The inflation multiplier for maintenance costs {(MM) is a weighted average of 95
percent of the installation cost multiplier MI, (determined from equation 4-1 above) and
5 percent of the increase in the "Fuel" index (F) from the year for which the latest cost
information is available. The 1983 value of the F index is 232. The multiplier for

maintenance costs, MM, for some future yeaf-E beyond 1983 is therefore:

MM = MI x 0.95 + (F/232) x 0.05 _ (4-2)
where
inflation multiplier for maintenance costs

=
=
"o

fue! index for the current year

The cost values shown in Table 4-6 are natio'nial averages, and their use will
produce decisions by the resource allocation model useful in fofmulating improvement
programs. The study to determine these costs {Ref. 6) did not reveal any significant
shifts in costs by region of the country, although some variation by railroad was
observed, If other values for the average costs of improvements are available and are
thought to more accurately reflect the application in question, these values may be

substituted for those suggested here.
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Use of average costs introduces the simplification of not accounting for the actual
variation in costs that can occur from one project to another. Average values assume,
for example, that all passive crossings upgraded to gates will cost the same. If the user
can determine more accurately the actual variation in costs for improvement options on
all crossings being conéidered, these costs could be used. To do so, however, will require
medification of the model program to permit cost data to be input on an individual
crossing basis. The model program currently accepts only the three cost values

(C1,C2,C3,) as input.

Caution should be exercised in adjusting the costs of a few selected projects while
assigning average costs to all other projects. If this is done, decisions regarding the
adjusted crossings may be unreasonably biased by the algorithm. The effect on individual
crossing decisions of changes in a crossing's cost characteristics from the average values
can be determined manually, using a procedure described in Section #.2.6, With this
procedure, all other decisions by the algorithm will remain constant, while it can be
determined if the decision regarding the crossing in question will change with the new
cost values.

4.2.5 Active Warning Device Effectiveness Data

Three investigations have been performed to determine the effectiveness of
warning devices in rreducing accidents at rail-highway crossings. The most recent study
) performed by the U.S. Department of Transportation, used information in The Inventory
and the FRA accident reporting system. {(Ref. 9) This study compared the accident rates
at crossings both before and after warning device improvements had been made to
determine their effectiveness during the period from 1975 to 1980. A similar study, also
performed for the U.S. Department of Transportation used the same information sources
for the years 1975 to 1978. (Ref. 10) A third study was performed in 1974 by the
California Public Utilities Commission. (Ref. 11) This study examined accident rates
before and after upgrades at 1552 California crossings over the period from 1960 to
1970. The results of these three studies are shown in Table 4-7 in terms of singie
"“standard" effectiveness values (Ej, E; and E3) for the three improvement options

considered by the resource allocation model.
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4-7. STANDARD SET OF EFFECTIVENESS VALUES FOR WARNING
DEVICE IMPROVEMENTS |

WARNING DEVICE 2nd DOT 1st DOT CALIFORNIA
IMPROVEMENT STUDY, 1975 STUDY, 1875 STUDY, 1960
OPTION to 1980 DATA to 1978 DATA  to 1970 DATA
Passive to Flashing Lights, E; 0.70 0,65 0.64
Passive to Gates, Ep 0.83 0.84 0.88
Flashing Lights to Gates, E3 0.69 0.64 0.66

The effectiveness values resulting from the three studies are similar but
differences exist. These differences are probably a reflection of variations in crossing
characteristics over time and regions of the country. The question arises as to which set
of values to use for the resource allocation model. As with the cost data, any set of
values which the user feels accurately reflect the situation being evaluated may be used.
Without other information to the contrary, the effectiveness values from the latest DOT
study are recommended, since they were most recently developed, and used the largest

data base of national scope.

The latest DOT study on warning device effectiveness determined that several
crossing characteristics, out of many investigated, had a significant influence on warning
device effectiveness. Specifically, it was found that the effectiveness of warning device
upgrades was less for crossings with multiple tracks and crossings with greatér than 10
trains per day. These results were used to develop an "extended" set of effectiveness
values shown in Table 4-8. At the option of the user, the resource allocation model has
the capability to use either the extended set of values or the reduced set of standard
values shown in Table 4-7. Unless otherwise specified by the user, the resource
allocation model uses the extended set of values since their use results in improved

performance of the model.
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TABLE 4-8. EXTENDED SET OF EFFECTIVENESS VALUES FOR
WARNING DEVICE IMPROVEMENTS

WARNING NUMBER

OF TRACKS: SINGLE SINGLE MULTIPLE MULTIFLE
IMPROVEMENT NUMBER
OPTICON OF TRAINS/DAY: <10 >10 <10 >10

Passive to
Flashing Lights, Eq 0.75 0.61 0.65 0.57

Passive to
Gates, Ep 0.90 0.80 0.86 0.78

Flashing Lights
to Gates, E3 0.89 0.69 0.65 0.63

4,2.6 Field Verification and Revision of Resource Allocation Results

Crossings selected for improvements by the resource allocation model should be
inspected by a diagnostic team to determine the accuracy of input data and the
reasonableness of the recommended improvement. The inspection may show that data
from The Inventory are not correct, resulting in an inaccurate predicted accident or
casualty rate. Also, the assumed warning device effectiveness and cost may be found
inappropriate for the particular crossing. In addition, the diagnostic team should make
note of hazardous conditions at crossings, such as limited sight distance or hazardous
materials traffic, that are not included in the resource allocation model but should be
considered before'making a final decision. A manual procedure has been developed to
evaluate the impact of changes in crossing data on the improvement decision made by
the resource allocation model. This procedure can be performed without rerunning the
model and is incorporated in a worksheet, shown in Figure 4-2. The worksheet, guides
the diagnostic team through the on-site evaluation procedure using a five-step set of
instructions.
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RAIL-HIGHWAY CROSSING RESQURCE ALLOCATION FROCEDURE
VERIFICATION WORKSHEET

This worksheet providea a format and instructions for use in field evaluation of crossings to determine if
initial recommendatliona for warning device insatallations from the Resource Allocation Preocedure should be
revised., Steps 1 through 5, described below, should be followed in making the determination. In Steps 1 and 3,
the intial information (left column) is obtained from office inventory data prior to the fleld inspection. In
Step 4, the decision criteria values are obtained from the Resource Allocation Model printout.

STEP 1: VALIDATE DATA USED IN CALCULATING PREDICTED ACCIDENTS.

CROSSING INITIAL REVISED
CHARACTERISTICS INFCRMATION INFORMATION

Crossing Number

Location

Existing Warning Device

Total Trains Per Day (t)

Annual Average Dally Highway Traffic (c)

Total Switch Trains Per Day (ts)

Day Thru Trains (d)

Total Thru Trains Per Day (tt)

Number Qf Mzin Tracks (mt)

Total Number Of Tracks (tk)

Is Highway Paved? (hp)

Maximum Timetable Speed, mph (ms)

Highway Type (ht)

Number Of Highway Lanes (hl}

Urban-Rural Location (ur}

Number Of Years Of Accident History (T)

Number Of Accidents In T Years (N)

Predicted Accident Or Casulaty Rate (AC)

STEP 2: CALCULATE REVISED ACCIDENT OR CASUALTY PREDICTION FROM DOT FORMULA IF ANY DATA IN STEP 1 HAS
BEEN REVISED.

Revised Predicted Accidents or Casulaties {AC) =

STEP 3: VALIDATE COST AND EFFECTIVENESS DATA FOR RECOMMENDED WARNING DEVICE.

INITIAL REVISED
INFORMATION INFORMATIOR

Assumed Effectivness Of Recommended Warning Device (E)

Assumed Cost Of Recommended Warning Device (C)

Recommended Warning Device Installation

FIGURE 4-2. "FIELD VERIFICATION WORKSHEET"
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STEP 4: DETERMINE IF RECOMMENDED WARNING DEVICE IS REVISED IF AC, E OR C HAS CHANGED.

Instructions for Determining If Recommended Warning Device Should Be Revised

1. Obtain Decision Criteria Values From Resource Allocation Model Qutput:

DCy = DCy = DC3 = DCy =

2. Caloulate: R = Revised AC 5 Revised E 4 Previoua C
Previous AC Previous E Revised C

3. Compare R with Appropriate Decision Criteriz as Shown Below:

3a. Existing Passive Crossing 3b. Existing Passive Crossing 3c. Existing Flashing Light Crossing
(Classes 1, 2, 3, ¥) (Classes 1, 2, 3, ¥) (Classes 5, 6, 7)
Single Track Multiple Tracks
Comparison Decision : Compariseon Decision Comparison Decision
DCp £ R Gates DC3 <R Gates DCy < R Qates
DCy SR« DC>  Flashing Lights R < DC3 No Installation R<DCy No Installation

R < DGy No Installation

4. Revised Recommended Warning Device Installaticn:®

STEP 5: DETERMINE OTHER CROSSING CHARACTERISTICS THAT MAY INFLUENCE WARNING DEVICE INSTALLATION DECISIONS.

Multiple tracks where one train/locomotive may obscure visilcon of another train?

Percent trucks

Passenger train operations over crossing?

High speed trains with limited sight distance?®*

Combination of High Speeds and moderately high volumes of highway
and rail traffic?%®

Either, or any combination of, high vehicular traffic volumes, high
numbers of train movements, substantlal numbers of school buses or trucks
carrying hazardous materials, unusually restricted sight distance

or continuing accident occurrences?##

#The cost and effectiveness values for the revised warning device are assumed to change by an amount
proportional to the change in these values for the initial recommended warning device as determined in Step 3.

8#Gates with flashing lights are the only recommended warning device per 23CFR 646.214(b)(3)(1).

FIGURE 4-2. "FIELD VERIFICATION WORKSHEET" (Cont.)
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Steps |, and 2 of the worksheet involve validating crossing characteristics data,
and recalculating the predicted accidents or casualties if any of the data is revised. Step
3 validates the cost and effectiveness assumptions for the recommended warning device.
As a result of completing steps 1, 2 and 3, three basic inputs to the resource allocation
model may have changed: (1) number of predicted accidents or casualties (AC); (2)
warning device effectiveness (E); and (3) warning device cost (C). Step 4 of the
worksheet describes the procedure for determining if any input changes will affect the
improvement decision. This procedure requires the computation of the parameter (R)
using the formula below and described in part 2 of step 4:

R = Revised AC x Revised E x Previous C (4-3)
Previous AC Previous E  Revised C '

The value of R is the ratio of the revised to previous accident or casualty
reduction/cost ratio, for the original recommended improvement action. The R value is
then compared with the appropriate decision criteria values (DC|, DC3, DC3, and DCy)
as described within part 3 of step # on the worksheet. The decision criteria values are
obtained from the standard output report (see Figure 5-4) of the resource allocation
model. The result of this comparison will determine if the original recommended

improvement should be revised,

The decision criteria values are computed by the standard program of the resource
allocation model for each crossing considered (see Section 5.2 for description of

programs). The formula for computing the four decision criteria are shown below:

DC| = (ACR/Cp)/(A{E(/C ) (4-4)
DCy = (ACR/Cp)/(A{(E2-E 1)/(C2-C ) (4-5)
DC3 = (ACR/C))/(A{(E2/C2)) (4-6)
DCy = (ACR/Cp)/(A{(E4/C3)) (4-7)
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where

ACR/C, = the minimum accident or casualty reduction/cost ratio corresponding to the

last (lowest) improvement action selected by the resource allocation model.

The decision criteria represent the amount by which the accident or casualty
reduction/cost ratio for a particular improvement action can be changed and still be
selected by the model. The improvement actions corresponding to the decision criteria
(DC), DCo, DC3 and DCy) are, respectively, single-track passive to flashing lights,
single-track passive to gates, multiple-track passive to gates, and flashing lights to
gates. Comparing the R value to the decision criteria is equivalent to determining if the
actual change in accident or casualty reduction/cost ratio due to revised data is still

within the limits permitting selection of the same improvement action.

To demonstrate use of the revision procedure, the following example is provided.
A single-track passive crossing was selected by the resource allocation model for
upgrading to gates. This crossing is listed as the 9th crossing (ID# 000120R) on the
sample standard output report of the resource allocation model shown in Figure 5-4. The
crossing was inspected by a diagnostic team, and it was found that some of the data from
The Inventory used in calculating the predicted accidents were incorrect. In addition,
the assumed values for the installation costs and effectiveness of gates at the crossing
were deemed inappropriate. Using the new data, a revised prediction of accidents was
calculated according to the tabularized procedure described in Section 5.1.1. The
previous and revised accident prediction, cost, and effectiveness parameters for the

crossing are listed below:

Previous Revised
Predicted Accidents, A 0.40 0.50
Warning Device Effectiveness, E  0.80 0.90
Warning Device Cost, C $65,300 $115,000
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Using the above data, the R value is calculated using equation 4-3 {also shown on

the worksheet, step 4, part 2):
R = {.50/.40) (.90/.80)(65,300/11 5,000)
= 0.799

The decision criteria for this crossing, obtained from the standard output report of the

resource allocation model, Figure 5-4, are:

DCy = 0.352

DCy = 0.864

DC3 = not computed since the crossing is single track
DCy4 = not computed since the crossing is passive

Comparing R with the decision criteria values, as described in step 4, part 3a of
the worksheet, shows that R is greater than DC|, but less than DC3. This means that the
original decision to install gates at this crossing should be revised to install flashing
lights as the most cost-effective decision if the new data for the crossing are assumed

correct.
4.3 RESOURCE ALLOCATION MODEL FOR STANDARD HIGHWAY STOP SIGNS

The most recent DOT study on warning device effectiveness (Ref. 9) determined
that standard highway stop signs may be effective in reducing crossing accidents, The
average level of effectiveness for upgrades to standard highway stop signs from other
passive devices was found to be 0.35 (95 percent confidence interval, 0.16, to 0.54). This
level of effectiveness coupled with their low cost (5400 installation or $800 total 30-year
life cycle cost, including “stop ahead" signs, for a two-stop sign installation) make
standard highway stop signs worthy of consideration for certain crossing situations
needing improvement where funding is not available for active warning devices (Ref. 9).
The FHWA has established the following guidelines for the selection of candidate

crossings for stop signs (Ref. 2, 12):
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The use of the stop signs at railroad-highway grade crossings shall be limited to
those grade crossings selected after need is established by a detailed traffic

engineering study. Such crossings should have the following characteristics:
1. Highway should be secondary in character with low traffic counts.
2. Train traffic should be substantial.

3. Line of sight to an approaching train is restricted by physical features such that
approaching traffic is required to reduce speed to 10 miles per hour or less in
order to stop safely.

4. At the stop bar, there must be sufficient sight distance down the track to
afford ample time for a vehicle to cross the track before the arrival of the
train.

The engineering study may determine other compelling reasons for the need to
install a stop sign, however, this should only be an interim measure until active
traffic control devices can be installed. Stop signs shall not be used on primary

through highways or at grade crossings with active traffic control devices.

Whenever a stop sign is installed at a grade crossing, a stop ahead shall be installed
in advance of the stop Sign.

The resource allocation model provides, at the option of the user, a list of crossings
that are possible candidates for standard highway stop signs. This list is produced by
selecting from the passive crossings under consideration those with less than 400 average
daily traffic (ADT) counts for rural roads and less than 1500 ADT counts for urban roads,
greater than 10 trains per day and single tracks. The crossings on the list are ranked by
the accident or casualty prediction measure selected by the user. Unlike the resource
allocation model results for active warning devices the stop sign list is not ranked by
accident or casualty reduction/cost ratios. The reason for this is twofold: (1) based on
presently available information it is assumed that all stop sign upgrades have the same
cost and effectiveness; hence, a ranking by accident or casualty reduction/cost ratio
would be the same as that by accident or casualty prediction and (2) since the number of
crossings that are realistic candidates for stop signs are so few and their costs are so
low, stop sign installation decisions will be made primarily on factors other than their

accidents or casualty reduction/cost ratios relative to active warning device projects.
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The stop sign candidate report can be produced either with or without the report of
active warning device recommendations. If the resource allocation procedure is used to
produce both reports, it is possible that the same crossing could appear on both lists; i.e.,
a crossing that is a possible candidate for stop signs may also be a candidate for an
active warning device. To provide a means of integrating this information, the report on
active warning device recommendations will indicate, at the option of the user, if a

crossing is also a possible candidate for stop signs.
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5. APPLICATION OF DOT RESOURCE ALLOCATION PROCEDURE

5.1 DOT ACCIDENT AND CASUALTY PREDICTION FORMULAS

5.1.1 Manual Calculation of Predicted Accidents and Casualties

If the number of predicted accidents or casualties is required for a few crossings, a
convenient manual procedure can be used, employing the formula tables presented in
Sections 3.2 and 3.3. Manual use of the DOT accident and casualty prediction formulas
is illustrated in the following example. Characteristics of the sample crossing for which
the number of predicted accidents and casualties is to be determined are shown in Table
5-1.

TABLE 5-1. CHARACTERISTICS OF SAMPLE CROSSING

CHARACTERISTIC VALUE

Present warning device Crossbucks
Annual average daily highway traffie 350

Total number of trains movements per day 15

Total number cof thru trains per day 10

Total number of switch trains per day 5

Number of main tracks 2

‘Total number of tracks (main and other)} 2

Number of thru trains per day during daylight 5

Highway paved? yes
Maximum timetable speed, mph Lo

Highway type Rural minor arterial (06)
Number of highway lanes 2

Urban - rural location Rural

Number of years accident data, T Y

Numbér of aceidents, N, in T years 2

Preceding page blank .



First, the basic formula (Equation 3-1) is used to determine the initial accident

prediction (a):
" a=KxEIxMT xDT xHP x MS x HT x HL
where

a = initial accident prediction

K = constant

El = factor for exposure (product of highway and train traffic)
MT = factor for number of main tracks

DT = factor for number of thru trains per day during daylight
HP = factor for highway paved (yes or no)

MS = factor for maximum timetable speed

HT = factoer for highway type

HL = factor for number of highway lanes

The basic formula factor values (K, EI, MT, DT, HP, MS, HT and HL) can be
determined from Table 3-2 for passive crossings, using the crossing's characteristics
listed in Table 5-1:

K= 0.0022638
El = exposure index factor value for the product of 350 average daily highway

vehicles times 15 total train movements per day (c x t = 5250) .
= 29.26
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MT = 1.52

DT = 1.55
HP = 1.00
MS = 1.36
HT = 0.82
HL = 1.00

Substituting the factor values into the basic formula yields:

[+ 7]
"W ]

KxElxMT x DT x HP x MS x HT x HL
0.002268 x 29.26 x 1.52 x 1.55 x 1.00 x 1.36 x 0.82 x 1.00

0.17 accidents per year

The final accident prediction (A) is determined by combining the initial prediction

{a) with the crossing's accident history using Tables 3-5 thru 3-9, which are developed
8 g

from the general DOT accident prediction formula (Equation 3-2). For the sample
crossing, 2 accidents (N) occurred over the past 4 years (T); therefore, Table 3-8 is used.

With an initial accident prediction (a = 0.17) between 0.10 and 0.20, it can be seen from
Table 3-8 that the final accident prediction (A) will be between 0.25 and 0.35. A

reasonable estimate of A can be determined from linear interpolation:

A = 0,25+ ((0.17-0.10) /(0.20-0.10)) (0.35-0.25)

= 0.32 accidents per year

To determine the number of fatal accidents at the sample crossing, the fatal

accident probability is first ebtained using Equation 3-3:

P(FAIA) = 1/(1 + CF X MS X TT X TS X UR)

where: CF = _

MS =
TT =
TS =
UR=

formula constant

factor for maximum timetable train speed
factor for thru trains per day

factor for switch trains per day

factor for urban or rural cressing
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The factor values for the fatal accident probability formula can be determined from

Table 3-12 using the sample crossing characteristics from Table 5-1:

CF = 6950
M$S = 0.019
TT = 0.782
TS '= 1.202
UR = 1.000

Substituting the factor values into the fatal accident probability formula yields:

P(FAIA) = 1/{1 + CF X MS X TT X TS X UR)
= I/(1 + 695.0 x 0.019 x 0.782 x 1.202 x 1.000)

= .075 probability of a fatal accident given an accident

The fatal accident probability is then multiplied by the predicted accidents,
computed above using Equation 3-2, to obtain the predicted number of fatal accidents

for the sample crossing per Equation 3-5;

FA

P(FAIA) x A
0.075 x 0.32
0.024 fatal accidents per year

1}

To determine the number of injury accidents at the sample crossing, the injury

accident probability is first obtained using Equation 3-4:

P(IA!IA) = (1 - P(FA!A))/(1l + Cl x MS x TK x UR)
where: P(FA!A)

1]

probability of a fatal accident, given an accident, obtained

from equation 3-3;

CI = formula constant

MS = factor for maximum timetable train speed
TK = factor for number of tracks

UR = factor for urban or rural crossing
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The factor values for the injury accident probability formula can be determined from

Table 3-13 using the sample crossing characteristics from Table 5-1:

P(FAIA) = .075 {(computed above from fatal accident probability severity formula)

Cl =
MS =
TK =
UR =

4.280
0.423
1.265
1.000

Substituting the factor values into the injury accident probability formula yields:

PUAIA) =

(1 - P(FAIA)/(1 + CI x MS x TK x UR)
(1-.075)/(1 + 4.280 x 0.423 x 1.265 x 1.000)

0.281 probability of an injury accident given an accident

The injury accident probability is then multiplied by the predicted accidents,

computed above using Equation 3-2, to obtain the predicted number of injury accidents

for the sample crossing per Equation 3-6:

1A

P (IAIA) x A
0.281 x 0.32

0.090 injury accidents per year

To determine the combined casualty index for the sample crossing, the combined

casualty index probability is first obtained using Equation 3-7:

P(CCD =

where; K

P‘(FAIA)
P(IAIA)

K x P(FAIA) + P(IAIA)

formula weight selected by user
fatal accident probability obtained from Equation 3-3
injury accident probability obtained from Equation 3-4
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Substituting a value of 50 for K and the fatal and injury accident probability values
computed above for the sample crossings into the combined casualty index probability
formula yields:

P(CCD K x P(FAIA) + P(IAlA)
50 x 0.075 + 0.281
4.031

1]

The combined casualty index probability is then multiplied by the predicted accidents,
computed above using Equation 3-2, to obtain the combined casualty index for the
sample crossing per Equation 3-8:

CCI P(CCD) x A
4.031 x 0.32

1.290 combined casualty index

I

5.1.2. Computer Programs for Calculation of Predicted Accidents and Casualties

This section describes procedures for using the DOT accident and casualty
prediction formula computer programs to obtain the number of predicted accidents or
casualties per year for large numbers of crossings, and to list the crossings ranked by
number of predicted accidents or casualties. Complete information for making the
computer runs is supplied, provided the required input data are available and are in the
format specified here. Modifications can be made to the programs to accept a different
format. Data in the format specified here can be cbtained from the Federal Railroad

Administration, Office of Safety.

Two separate FORTRAN programs are used to generate accident and casualty
prediction listings. The first program calculates predicted basic, final, fatal and injury
accidents as well as the combined casualty index for each crossing. The second program
generates the output in a report format ranking crossings by either predicted accidents,
fatal accidents or combined casualty index. The two programs run sequentially
according to the following steps:
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. Execute the Accident and Casualty Prediction Formula Program.

2. Sort the output file from step | in descending order of either predicted
accidents, fatal accidents or combined casualty index. The field this file is
sorted on will be the one that the crossings are ranked by in the output report.

3. Execute the Accident and Casualty Prediction Formula Report program to

produce the accident/casualty prediction output report.

The Accident and Casualty Prediction Formula Program is shown in Exhibit A-1. A
variable dictionary for this program is provided in Exhibit A-2. This program
sequentially processes crossing input files (see Exhibit A-3 for input format) in the

following manner:
While processing the crossing input file:
. Select next crossing record.

. Calculate basic predicted accident rate.

Calculate final predicted accident rate.

F W N
-

Calculate fatal, injury and combined casualty index rates.

3. Accumulate totals for basic, final, fatal, injury and combined casualty index
rates, and also the number of crossings.

6. Append basic, final, fatal, injury and combined casualty index rates to current

crossing record and write current record to output file.
When the crossing input file is processed:

I, Print out totals for basic, final, fatal, injury and combined casualty index

rates, and also total number of crossings.

The Accident and Casualty Prediction Formula Program is divided into three
sections., The first section, Calculate Basic Predicted Accidents, calculates the basic
number of predicted accidents (H) for a crossing. The program uses one of three
different equations to make this calculation. The 'equation used is dependent on the
warning device classification of the current crossing. For warning device classes 1-4 the
Crossbucks (passive device) equation is used , classes 5-7 the Flashing Lights equation is

used and class the 8 The Gates equation is used.
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The factors used in the Crossbucks, Flashing Lights and Gates equations are
described in detail in Section 3. For warning device classes 1-4 the program determines
the appropriate highway type (HT) weighting factor value by examining the functional
classification variables (FC1, FC10) of the road at the crossing. A cross reference table
for these functional codes and corresponding (HT) weighting factor values can be seen in
Table 3-1.

The basic accident prediction formula computes the initial predicted accident rate
for each crossing on the basis of the crossing's current warning device class. If, during
the last five years, a change in warning device took place, the formula computes the
basic predicted accidents on the basis of the previous warning device class and then
executes the Modify For Upgrades/Downgrades By Effectiveness section of the program.
This portion of the program makes an adjustment to the predicted accidents using the
appropriate effectiveness factor (see Tables 4-7 & 4-8) to account for the influence of
the warning device change. For jndividual crossings, this procedure more accurately
determines the short term (less than five years) change in the crossing's accident rate
than use of the basic formula for the new warning device. For example, if a passive
crossing was upgraded to gates in the last five years, the passive (Crossbucks) formula
would be used, the results of which would be multiplied by the effectiveness factor for
gates (1.0 - the effectiveness of the upgrade to gates) to obtain the initial predicted
accidents for the crossing with gates. Similarly, the predicted accidents would be

divided by the effectiveness factor of the new warning device if a downgrade took place.

The next section of the Accident and Casualty Prediction Formula Program,
Calculate Final Predicted Accidents, (Exhibit A-1) uses an algebraic equivalent of
Equation 3-2 from Section 3.2.4 to calculate the final predicted accident rate. This
calculation is achieved in three basic steps. First the number of years of accident
history (T) for the crossing must be determined. A maximum value of five is used even
though seven years of accident history are available. The most recent years of accident
history data are always used. If a crossing has been upgraded or opened during the last
tive years the value of T is reduced from five to the number of years since the crossing
has been upgraded or opened. This same method is used for crossings which have been
downgraded and private crossings which have changed to public crossings in the five year
period. The second step of this calculation involves the accumulation of accident
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history data to obtain the total number of accidents in the most recent T years (N).
After values for T and N have been determined the final predicted accidents (A)

-calculation is executed.

Subroutine Caslty calculates predicted fatal and injury accidents, and a combined
casualty index for the current crossing. Information is passed between this subroutine
and the main program via common blocks FATCOM and FATC2. This subroutine simply
receives crossing inforrmation, performs fatal, injury and combined casualty index
calculations, and then return values for these three calculations to the main program.
For a detailed explanation of the fatal, injury and combined casualty index formulas see

Section 3.3.

Sample input to the Accident and Casualty Prediction Formula Program is shown in
Exhibit A-3. Each record represents one crossing, and is formatted according to the data
field descriptions given in Exhibit A-4, The source of fields 1 through 22 are from the
U.S. DOT-AAR National Rail-Highway Crossing Inventory; fields 23 through 29 are from
the FRA Railroad Accident/Incident Reporting System. Both data bases are maintained
by the Federal Railroad Administration, Office of Safety.

Sample output from the Accident and Casualty Prediction Formula Program is
shown in Exhibit A-5. The field description and the data contained in them are identical
to the input (Exhibits A-3 & A-4) except that ancther five fields, each 10 characters in
length, have been added to the beginning of each record. These fields contain fatal,
injury, combined casualty index, final and basic accident figures. All five of these fields
are real numbers in F10.7 format. This program also writes a sec:and output file to the
terminal monitor. This file contains totals for all five of these accident prediction
figures along with the total number of crossings processed.

The output from the Accident and Casualty Prediction Formula Program shown in
Exhibit A-5, is used as input to the Accident and Casualty Prediction Formula Report
Program, Standard Highway Stop Sign Program and also the Resource Allocation
Program (see Section 5-2). The Accident and Casualty Prediction Formula Report
Program, shown in Exhibit A-6, generates one of three different possible reports. The
first report is a ranking by fatal predicted accidents, the second by final predicted
accidents and the third by combined casualty index. The data must first be sorted in
descending order on the field the crossings will be ranked by, and then used as input
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to the Accident and Casualty Prediction Formula Report Program. Sample output from
the Accident and Casualty Prediction Report Program is shown in Figures 5-1, 5-2, and
5-3 for crossings ranked by accidents, fatal accidents and combined casualty index,

respectively.

The Accident and Casualty Prediction Formula Program and its input and output
files are currently designed for use with the 1982 data file which has seven years of
accident history appended to each crossing record. At a future time, if accident data
beyond 1982 is to be added, appropriate modifications to the programs and data files will
be required to accommeodate the additional data.

5.2 COMPUTER PROGRAMS FOR RESOURCE ALLOCATION MODEL

5.2.1 Resource Allocation Model for Active Warning Devices

This section is a description of the computer programs for the resource allocation
model discussed in Section 4. As in the case of the Accident and Casualty Prediction
Formula Program, complete information is supplied for making the necessary computer
runs, provided the required input data are available and in the format specified in
Section 5.1.2.

The resource allocation model is run by a sequence of three FORTRAN programs.
The first program calculates the accident or éasualty reduction/cost ratios for all
crossings and determines if a crossing is a candidate for standard highway stop signs, the
second program runs the resource allocation algorithm, and the third program generates
the output in a report format. The three programs are run sequentially according to the
following steps.

1.  Execute the Accident or Casualty Reduction/Cost Ratio Program.

2. Sort the output from step | in descending order of accident reduction/cost

ratio.

3. Execute the Resource Allocation Program.
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4, Sort the output from step 3 in descending order of accident or casualty

reduction/cost ratio.
5. Execute the Resource Allocation Report Program.

The Accident or Casualty Reduction/Cost Ratio Program and variable dictionary
are shown in Exhibits B-1 and B-2. This program reads three input files:

I.  Output from the Accident and Casualty Prediction Formula Program , Exhibit
A-5, ‘

2. Cost, effectiveness and funding data and
3. User options for running of the Resource Allocation Program

The second input file of cost, effectiveness and funding data is to be generated by
the user. Suggested values for cost and effectiveness data are given in Section 4.2.4 and
4.,2.5. A sample input file of this type is shown in Exhibit B-3, The first line of input
contains the cost data in three fields, each of length 10. The first entry on the line is
the cost of upgrading a passive crossing to a flashing-light; the second entry is the cost
of upgrading a passive crossing to a gate; and the third entry is the cost of upgrading a
tlashing light to a gate, The second line of input contains the standard effectiveness
data in three fields, each of length 10, The order is the same as for the cost data on the
first line, The third line of input contains extended effectiveness data in twelve fields,
each of length 10, These twelve fields represent four sets of extended effectiveness
data based on trains and tracks. Fields 1-3 contain effectiveness values for crossings
with single tracks and less than 11 trains, fields 4-6 are the effectiveness values for
crossings with single tracks, and 11 or more trains, fields 7-9 are the effectiveness
values for crossings with multiple tracks, less than 11 trains, and fields 10-12 are the
effectiveness values for crossings with multiple tracks and 11 or more trains. The order
of the 3 effectiveness values within each of these 4 sets is the same as that of the cost
and standard effectiveness data. The fourth and last line of this input file consists of
one field of length 10 containing the maximum amount of available funding in dotlars.
This value is to be established by the user,
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The third and final input file to the Accident or Casualty Reduction/Cost _Ratio.

| Program is generated interactively by the program at the time of execution. (See
subroutine Query Exhibit B-1.) The program prompts the user with a series of four
queries. The user response to the first query determines whether standard or extended
effectiveness values will be used throughout the resource allocation model. A response
of "0" introduces the use of standard effectiveness values, "1" the use of extended
effectiveness values. The second and third queries determine the accident or t:asualty
measure (AC) used throughout the model. A user response of "0" to the second query,
"should accident severity be used or not", will introduce the use of final predicted
accidents (A) as the accident or casualty measure (AC). A response of "1" will generate
the third query "should severity consider fatalities only or combined casualty index". A
response of "0" to this third query will introduce the use of predicted fatal accidents as
the accident or casualty measure, "1" the use of combined casualty index. The fourth
and final query determines if crossings recommended for active devices which are also

candidates for standard stop sign upgrades will be noted in the final report.

The Accident or Casualty Reduction/Cost Ratio Program in Exhibit B-1 performs
the following algorithm:
1.  Query program option parameters.
2. Write program option parameters to temporary file.
3. Read cost, effectiveness and total resources available data.
4.  While not at end of crossings input file
4a. Select next crossing with current.warning device class not equal to 8,
4b. Determine if current crossing is a possible candidate for stop signs.
4c. Select three effectiveness values for current crossing.
4d. Calculate three effectiveness/cost ratios.
4e. Determine accident or casualty measure (AC).
4f. Calculate accident or casualty reduction/cost ratios for current crossing.
4g. Append accident or casualty reduction/cost ratio and stop sign candidate flag
to current crossing record and write to output file.

5. Stop execution when end of input file is reached.

The calculation of the accident or casualty reduction/cost ratio for each crossing

depends on the crossings current warning device and the number of tracks at the crossing
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(see Calculate Ben/Cos section, Exhibit B-1). If the crossing already has gates (warning

device class 8), it is deleted from consideration.

If the crossing has flashing lights or other active devices (warning device classes 5,
6 and 7), an accident or casualty reduction/cost ratio (ACR/C) for upgrading to gates is

calculated according to the equation:
ACR/C = AC (EFFECT3/COST3)

where AC is either the number of predicted accidents, fatal accidents or the combined
casualty index for the crossing frém the accident and casualty prediction formulas and
COST3 and EFFECT3 are the co"s‘ij and effectiveness of the upgrade, as discussed in
Section 4. It is important to note here that, if the user has chosen to implement
standard effectiveness values throughout the resource allocation model, EFFECT; simply
represents the single effectiveness value for a crossing upgrade. However, if extended
effectiveness values are in use, EFFECTj can have one of four values depending on the
crossing's number of trains and tracks (see Section 4.2.5 on extended effectiveness

values).

If the crossing is passive (warning device classes 1-4) but has multiple tracks, an
accident or casualty reduction/cost ratio for upgrading to gates is calculated according
to equation:

ACR/C = AC (EFFECT,/COST5)

This forces gates to be installed at multiple track passive crossings in accordance with
Federal guidelines. If the crossing is passive but has only one track, an accident or
casualty reduction/cost ratio is calculated for upgrading to flashing lights according to
the equation:

ACR/C = AC (EFFECT|/COST )

The incremental accident or casualty reduction/cost ratio equation for installing a gate

at the passive crossing,

ACR/C = AC (EFFECT-EFFECT |)/(COST,-COST))
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is not calculated by the Accident or Casualty Reduction/Cost Ratio Program, but is

calculated later by the Resource Allocation Program. However, in the case where
EFFECT2/COQST3 is greater than EFFECT|/COST|, the Accident or Casualty
Reduction/Cost Ratio Program calculates a ratio given by the equation:

ACR/C = AC (EFFECT}/COST7)

for all passive crossings, regardless of 'the number of tracks. In this case, the installation

of gates is always more cost-effective than installation of flashing lights. The Resource

Allocation Program does not calculate the incremental accident or casualty

reduction/cost ratio in this case. For convenience of storage, all accident or casualty

reduction/cost ratios are multiplied by 108; i.e., they are expressed in accidents per

million dollars.

In addition to calculating the accident or casualty reduction/cost ratio for each

crossing this program also determines if a crossing is a possible candidate for standard

stop signs. (See Stop Qualification Section, Exhibit B-1) For a crossing to qualify for

consideration for standard stop signs it must meet the following criteria:

1'

Total trains per day greater than 10

No existing standard stop signs

Present warning device class less than. 5

Crossing must be single track

For rural area crbssinés the annual average daily traffic must be less than 400

For urban area crbssirigs the annual average daily traffic must be less than
1500

Crossing must be local highway type,
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If'a crossing meets all of the ‘above conditions, the variable STPFLG is given a
value of 1. If it does not, it receives a value of zero. This variable is then written to the
output file with current crossing record for reference in the Resource Allocation Report
Program.

Sample output from the Accident or Casualty Reduction/Cost Ratio Program is
shown in Exhibit B-4. Field descriptions for this output are given in Exhibit B-5. This
output must be sorted in descending order of accident or casualty reduction/cost ratio

(the first 10 columns), and then used as input to the Resource Allocation Program.

The Resource Allocation Program (Exhibit C-1) performs the algorithm described
in Section 4, recommending the crossings to be improved and the warning device to be
installed. A variable dictionary for the program is given in Exhibit C-2. The program
reads each crossing in order, starting with the highest accident or casualty

reduction/cost ratio.

If the crossing is passive with single track, an additional incremental accident or
casualty reduction/cost ratio is calculated for making an upgrade to gates given by the

following equation:
ACR/C = AC (EFFECT5 - EFFECT |)/(COST5 - COST).

[t is temporarily assumed that a flashing light will be recommended at the crossing.
Since this is only a'temporary decision, this crossing is not written to the output file
immediately. Instead, it is stored in a separate list of crossings until it is determined

whether or not sufficient funding is available to install a gate.

Every time a crossing is read in, the accident or ‘casualty reductijon/cost ratio
calculated by the first program is compared with the incremental accident or casualty
reduction/cost ratio calculated for the crossings stored in the temporary decision list.
All crossings stored in the temporary list with incremental accident or casualty
reduction/cost ratios greater than the accident or casualty reduction/cost ratio for the

crossing that has just been read are recommended for gates, and that decision is
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finalized by removing the crossing from the temporary list and writing it into the output
file. If the crossing that has just been read is passive with single track, it is added to the
temporary list as described above. Otherwise a gate is recommended and the crossing is
immediately written to the output file. Each time a crossing is written either to the
output file or the temporary list, the cost of the recommended upgrade is added to the
cumulative amount spent. When this amount exceeds the maximum amount allowed,
those passive single track crossings still on the temporary decision list are recommended
for flashing lights and are written to the output file as final decisions. The minimum
accident or casualty reduction/cost ratio for the run is written to a separate file to be
read by the Resource Alloéation Report Program for use in calculating the decision

criteria.

Sample output and output field descriptions from the Resource Allecation Program
are shown in Exhibits C-3 and C-4. This output is then sorted in descending order of
accident or casualty reduction/cost ratio (columns 1-10) for input into the Resource

Allocation Report Program.

The Resource Allocation Report Program is shown in Exhibit C-5. This program
calculates the decision criteria and generates the output in a report format. The
decision criteria, DCy, DC3, DC3 and DCy, are calculated from equations 4-4, 4-5, 4-6
and 4-7, respectively, described in Section 4.2.6. If the crossing being considered is
passive, single-track, the program calculates DC| and DCy. If the crossing is passive,
multiple-track, DC3 is calculated. 1f the crossing has flashing lights, DCy is calculated.
Sample output from the Resource Allocation Report Program is shown in Figures 5-% to
5-8.

5.2.2 Resource Allocation Model for Standard Highway Stop Signs

The Standard Stop Sign Report Program, shown in Exhibit D-1, determines if a
crossing is a candidate for standard highway stop signs and, in report format, produces a
listing of these candidate crossings ranked by either predicted accidents, fatal accidents
or combined casualty index. The input file to this program is the output file from the
Accident or Casualty Prediction Formula Program (see Exhibit A-5). This file must first
be sorted in descending order on the field the user chooses qualifying crossings to he

ranked on. For example, if the user requires a listing of all crossings that qualify for
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standard stop sign upgrades, ranked by combined casualty index, they would first sort the
input file in descending order on the combined casualty index field. The criteria for
determining stop sign candidacy in this program are the same as those stated in the
description of the Accident or Casualty Reduction/Cost Ratio Program. Sample output

from the Standard Stop Sign Report Program is shown in Figure 5-9.
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c*#**#****##¥¥¥t*tttttt***!**t*!ttt*l!*!t!tl!!t*ttt*tt*t;tt#t**#t*t#ttttt**
C*

c* THIS PROGRAM CALCULATES PREDICTED ACCIDENTS USING
Cx* THE BASIC FORMULA AND THE ACCIDENT HISTORY FORMULA.
C* ADDITIONALLY, PREDICTED FATAL ACCIDENTS, INJURY
C=* ACCIDENTS AND A COMBINED CASUALTY INDEX ARE ALSO
C= CALCULATED AND INCLUDED IN THIS OUTPUT. THE FATAL
C= AND INJURY ACCIDENTS ALONG WITH COMBINED CASUALTY INDEX ARE
C= COMPUTED BY THE SUBROUTINE CASLTY.
C=
C* INPUT MUST BE IN THE 54 CHARACTER FORMAT PLUS
C»* SEVEN YEARS OF ACCIDENT HISTORY.
Cc* TOTAL CHARACTERS PER RECORD IS B8.
C*
Cx UNIT 23 - INVENTORY INPUT FILE
C= UNIT 20 - INVENTORY QUTPUT FILE WITH BASIC PRED. ACC.,
C=* FINAL PRED. ACC., ALSO FATAL AND INJURY
Cx ACCIDENTS ALONG WITH COMBINED CASULTY
Cs INDEX.
C# UNIT 5 - SUMMARY OUTPUT FILE
C* '
CREEX XTI F IR IR F IR IR 2 F AR AR E R R AR R AR KKK ERE AR R ERFRE R XA R XL AR ENES
c -
c .
PARAMETER AH=7 ! # OF YEARS OF ACCIDENT HISTORY AVAILABLE
c MUST CHANGE IF UPDATED
c .
INTEGER ITEM1(5),YEAR,MONTH, OLDCL ,NEWCL NS, NT,DS,DT,SPEED
INTEGER MTRKS,OTRKS, ITEM2,PAVE, LANES,FC10,FC1, AADT
INTEGER ITEM3,ACC{AH) NREC,T,C.D,CLASS, TRAINS,K TRACKS
INTEGER THRU,SWITCH,URBAN(S} RURAL(9),HT K, TA CURYER, INDEX
INTEGER OFFSET,!
c
REAL HTOT,FTOT,CTOT,ITOT,ATOT, XT1,XT2,XT3,XT4 XT5,XT6,X,H
REAL EFFECT(12),EFF(8),N,TO,A, FATALK,FATAL, INJURY, CMBCAS
c
COMMON/FATCOM/SPEED, THRU, SWITCH, FC10, A, TRACKS , FATALK
COMMON/FATC2/FATAL , INJURY ,CMBCAS
c
DATA CURYER/82/ ! YEAR OF MOST CURRENT DATA - MUST CHANGE
c IF UPDATED
c
DATA FATALK/50.0/ .
DATA (EFFECT(1),I=1,8)/.75, .90, .88, .61, .80, .69/
DATA (EFFECT(I),I1=7,12)/.85,.86,.65,.57,.78, .83/’
DATA (RURAL(1},I1=1,9}/1,2,0,0,0,3,4,5,6/
DATA (URBAN(I),1=1,9)/1,2,0,3,0.4.5,0,6/
c
c

ctt*ttttt8!!*3*!!’li*l’*3**3*ll*l!8*8!*3!!!!8!’2*!"!!!tttl*t*l!*!:t!!*!*#t*!

OPEN(UNIT=23,FILE="ACP.DAT’)}

c
c
NREC=0
HT0T=0.0
FT0T=0.0
CT0T=0.0
1T07=0.0
AT0T=0.0
C*
C* READ DATA FROM TAPE
Cx . .
00100 READ(23, 1000,END=900) ITEM1,YEAR,MONTH,KOLDCL NEWCL, K STOPS NS, NT,
* DS,DT,SPEED,MTRKS ,OTRKS, ITEM2 ,PAVE  LANES ,FC10,FC1,
* AADT,1ITEM3,ACC

01000 FORMAT (5A4,212,311,412,13,11,12,A1,411,18,A2,712)

EXHIBIT A-1. ACCIDENT AND CASUALTY PREDICTION FORMULA PROGRAM
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TRAINS=NS+NT+DS+DT
TRACKS=MTRKS+OTRKS
THRU=NT +OT
SWITCH=NS+DS
T=TRAINS
C=AADT
D=DT
CLASS=NEWCL
c
c
(of AR EREREREAEREA SRR K REX LI EXFEXRER
Cx * CALCULATE BASIC PREDICTED *
c* * ACCIDENTS *
Cx ¥R R R bRk ke Rkt d Nk REER
C
c
IF(YEAR.GT.77) CLASS=0LDCL
IF(OLDCL.EQ.9) CLASS=NEWCL
GO TO (200,200, 200,200, 200, 300, 300, 400) ,CLASS
GO 79 100
Cc
c
c CROSSBUCKS EQUATION
c
C=
Cs DETERMINE HIGHWAY TYPE AND URBAN/RURAL
Cs

200 IF{FC1.EQ.0) GO TO 220
IF(FC10.NE. Q) GO TO 210
HF=RURAL(FC1)}

G0 TO 230

210 IF(FC10.NE. 1) GO TO 220

HT=URBAN(FC1)

GO TO 230
220 HT=0
Cx
Cx EQUATIDN
Cx

EXPOSURE INDEX FACTOR
THRU TRAIN FACTOR
HIGHWAY PAVED FACTOR
SPEED FACTOR

HIGHWAY TYPE FACTOR
TRACKS FACTOR

230 XT1=0.3339+ALOG10(C*T+0.2)
XT2=0. 1538=AL0G10(D+0.2)
XT3=0.3080*PAVE
XT4=0.003855+«SPEED
X75:=0.04991xHT
XT8=0. t047*TRACKS
X=XT 1+ XT2-XT3+XT4-XTS5+XT6
H=0.00984+EXP(2*X)

GO0 TD 500

FLASHING LIGMTS EQUATION

NO0o

300 XT1=0.3400=ALOG1O(CxT+0.2) ! EXPOSURE INDEX FACTOR
X72=0.05415*ALOG10(D+0.2) I THRU TRAIN FACTOR
XT3=0.05442+TRACKS ! YRACKS FACTOR
XT4=0.06900+LANES 1 NUMBER HIGHWAY LANES FACTOR
X=XT1+XT2+XT3+XT4
H=0.00551+EXP{2:X)

GO TO 500

GATES EQUATION

(1 XzX1Ks!

400 XT1=0.3588«ALOG10(C*T+0.2) ! EXPOSURE INDEX FACTOR
XT2=0.1456*TRACKS TRACKS FACTOR
XT3=0.05180=LANES ! NUMBER HIGHWAY LANES FACTOR
N=XT1+XT24XT3 | ‘

H=0.001682+«EXP(23X)

on

EXHIBIT A-1. ACCIDENT AND CASUALTY PREDICTION FORMULA PROGRAM (Cont.)
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Cx XX R R E R R AR AR KA N TR R AR XA XXX E R LR KR

Cx * x
Cx * MODIFY FOR UPGRADES/DOWNGRADES BY EFFECTIVENESS =
Cx * *
Cx FEXEXEERFEFER Rk E Rk Rk Rk kR bRk kR ek kR kA PRk
c
Cr
Cx= CALCULATE WHICH EFFECTIVENESS VALUES TO USE
C*
500 IF(CLASS . EQ.NEWCL) GO TO €00
OFFSET=0

IF(TRACKS.GT.1) GOTO 425
IF({TRAINS.GE.11) OFFSET=3
GOTO 450

425 OFFSET=6
IF(TRAINS .GE.11) OFFSET=9

Cx
C* ‘ CALCULATE UPGRADE /DOWNGRADE EFFECTIVENESS VALUES
C*
450 DO 475 INDEX=1,3
EFF(INDEX)=1-EFFECT( INDEX+DFFSET) ! UPGRADE VALUES
475 EFF(INDEX+3)=1/EFF({ INDEX) ! DOWNGRADE VALUES
C*
C* MODIFY FOR UPGRADE/DOWNGRADE
Cx
IF(OLDCL.GT .NEWCL) GO TO 550
K=2
IF(NEWCL .NE.8) K=1
IF(OLDCL .GT . 4) K=23
GO TO 555
550 K=5

IF(OLDCL .NE.8) K=4
IF(NEWCL.GT.4) k=B
585 H=H<EFF (K)

C* FEREEEFARRE KT AR RN btk k kbR F RNt e n i bbb iR
Cx x *
Cs * CALCULATE FINAL PREDICTED ACCIDENTS *
C*x * £
C* AR EREEE AR AR AR E AR RR L PR R KA AT LR XL ELERS

c

Cc

C= CALCULATE NUMBER OF ACCIDENT DATA YEARS
C

600 TA=CURYER-YEAR
IF(TA.LT.O) TA=0
IF(TA.GT.5) TA=5

T=TA
c
Cc
C# CALCULATE NUMBER OF ACCIDENTS
c
N=Q,

IF(TA.EQ.0) GO TO BOO
DO 700 INDEX=AH, (AH-TA+1), -1
700 N=N+ACC( INDEX)

* CALCULATE FINAL PREDICTED ACCIDENTS

aanon

800 To=t1./(.05+H)
A=(H*TO+N)/ (T+TQ)

EXHIBIT A-1. ACCIDENT AND CASUALTY PREDICTION FORMULA PROGRAM (Cont.)
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Cx FEXFXEFEIFRRAEREK kR bk LA It bbbk FE Rtk

Cx * x
Cx x CALCULATE CASUALTY ACCIDENTS AND INDEX *
cx * *
c* EEX XXX FE XXX XXX EFXEXIXXRAE XL TN XXX R EN
c

CALL CASLTY
C
[
[
C ACCUMULATE RECORD TOTALS
[
C

- HTOT=HTOT+H

FTOT=FTOT+FATAL

ITOT=ITOT+INJURY

CTOT=CTOT+CMBCAS

ATOT=ATOT+A

NREC=NREC+1
c
c WRITE DATA TO QUTPUT FILE
c

WRITE(20,2000) FATAL,INJURY,CMBCAS A H,ITEM{,YEAR,K MONTH,OLDCL,

* NEWCL ,STOPS,NS,NT, DS, DT, SPEED, MTRKS,0TRKS , ITEM2,
® PAVE ,LANES,FC10,FC1,AADT, ITEM3, ACC

02000 FORMAT(5F10.7,6A4 212 3I1,412,13,11,12,A1,411,16,A2,712)
Cc
C

GO TO 100
C
C
a4
C
C* R R EE R R XK E XXX NN LR LR EEIRNEELRE
C* * ‘ *
Cx *+ WRITE TOTALS TO TTY AND EXIT PROGRAM =
Cx L] 3
c! EERE R EEEEE R R R R XX RN XXX ERC T b R X
Cc

900 WRITE(S5,3500) FTOT,I1TOT,CTOT, HTOT,ATOT NREC

3500 FORMAT(‘ TOTAL FATAL PREDICTED ACCIDENTS = ‘/ F10.3 /
* ‘ TOTAL INJURY PREDICTED ACCIDENTS = *‘ F10.3 /
* ‘ TOTAL COMBINED CASUALTY INDEX = /,F10.3 /
= ’ TOTAL BASIC PREDICTED ACCIDENTS = ‘,F10.3 /
* ’ TOTAL FINAL PREDICTED ACCIDENTS = ‘,F10.3 /
* * TOTAL NUMBER OF CROSSINGS = /,IB)
c
CLOSE(UNIT=23)
CALL EXIT
c
END

EXHIBIT A-1. ACCIDENT AND CASUALTY PREDICTION FORMULA PROGRAM (Cont.)
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SUBROUTINE CASLTY

[t 22222232 2T 22 223 22 R 2 R 22222 22 R R 2222 22222

Cx
Cx
C+ THIS SUBROUTINE CALCULATES PREDICTED FATAL
C+ ACCIDENTS ,INJUURY ACCIDENTS AND THE COMBINED
C* CASUALTY INDEX USING THE PREDICTED ACCIDENT
C= VALUE CALCULATED IN THE CALLING PROGRAM AND
Cx VARIABLES PASSED THROUGH A COMMON STATEMENT.
Cx
Cx
C*****ut*******t*t*****tt*#*t***x****tt**t***t*t*****t******t*
c
c
c
INTEGER TRACKS, THRU,SWITCH, SPEED,FCi0
REAL A,CI,CF,MS,TT,TS,UR,URB,FATL,FATAL,FATPRB
REAL TRK,TK,INJ, INJURE, INJURY K CMBCAS, INJUPRB
c
COMMON/FATCOM/SPEED, THRU, SWITCH, FC10, A, TRACKS , FATALK
COMMON/FATC2/FATAL, INJURY , CMBCAS
c
DATA C1/4.280/ ! INJURY CONSTANT
DATA CF/685.0/ I FATALITY CONSTANT
c .
c
C*t**ttx*****t*xrt:tst:***t:*zx*ttt***ttt##x*t*****t*t*t#**tx*
c
c
c FATAL ACCIDENT FORMULA
c
100 MS=POWER(SPEED,-1.074) ! SPEED FACTOR
TT=POWER(THRU+1, -0. 1025) ! THRU TRAIN FACTOR
TS=POWER(SWITCH+1,0.1025) | SWITCH TRAIN FACTOR
URB=0. 1880*FC1{0
UR=EXP(URB) ! URBAN/RURAL FACTOR
FATL=1+(CF+MS*TT+TS*UR)
FATPRB=1/FATL ! FATAL ACC. PROB. GIVEN AN ACC
FATAL=FATPRB*A ! PRED. FATAL ACCIDENTS
c
c
c
c INJURY ACCIDENT FORMULA
c
200 MS=POWER(SPEED, -0.2334) I SPEED FACTOR
TRK=0. 1176*xTRACKS
TK=EXP{TRK) ! TRACKS FACTOR
URE=0. 1844+FC10
UR=EXP(URB) } URBAN/RURAL FACTOR
INJ=14({CI«MS*TK*UR)
INJURE={-FATPRB
INJPRB=INJUURE/INJ 1 INJURY ACC. PROB. GIVEN AN ACC.
INJURY=INJPRB=A | PRED. INJURY ACCIDENTS
CMBCAS= INUURY+FATAL*FATALK t PRED. COMBINED CASUALTY INDEX
c
c

300 RETURN

END

EXHIBIT A-1. ACCIDENT AND CASUALTY PREDICTION FORMULA PROGRAM (Cont.)
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REAL FUNCTION POWER(BASE, EXPON)

(ot 2 2 R R S 2 3 R R R R R I R SRS E RS R L Y

C*
Cx
c* THIS FUNCTION EXPONENTIATES THE
C* GIVEN BASE TQ THE GIVEN
C* POWER AND RETURNS .
Cs
C*
(i 2R 22222322 222 2RSS 22232222 2SR S 20
c
c
INTEGER BASE
REAL EXPON
c
C
(o323 2 222 EEE F R R R e 2RSS S
c
c
POWER=BASE * *EXPON
c
RETURN
c
END

EXHIBIT A-1. ACCIDENT AND CASUALTY PREDICTION FORMULA PROGRAM (Cont.}
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VARIABLE VARTABLE DEFINITION
NAME TYPE
A R FINAL PREDICTED ACCIDENTS PER YEAR
AADT I ANNUAL AVERAGE DATLY VEHICULAR TRAFFIC
ACC I ACCIDENT HISTORY FOR 1976 THRU 1982
AH I NUMBER YEARS OF ACCIDENT HISTORY INPUT
ATOT R TOTAL PREDICTED ACCIDENTS FOR RUN
BASE 1 BASE NUMBER
c R ANNUAL AVERAGE DAILY VEHICULAR TRAFFIC
CURYER I YEAR OF MOST RECENT ACCIDENT HISTORY DATA
CF R FATALITY CONSTANT USED IN CALCULATING PREDICTED
FATAL ACCIDENTS
CI R INJURY CONSTANT USED IN CALCULATING PREDICTED INJURY
ACCIDENTS
CLASS I WARNING DEVICE CLASS USED TO CALCULATE H
CMBCAS R PREDICTED COMBINED CASUALTY INDEX
CTOT R TOTAL PREDICTED COMBINED CASUALTY INDEX FOR RUN
D I NUMBER OF DAYLIGHT THRU TRAINS
DT 1 NUMBER OF DAYLIGHT THRU TRAINS
DS I NUMBER OF DAYLIGHT SWITCH TRAINS
EFF R EFFECTIVENESS MULTIPLIERS UPGRADE/DOWNGRADE
EFFECT R 12 EXTENDED EFFECTIVENESS VALUES
EXPON R POWER TO WHICH BASE IS RAISED
FATAL R PREDICTED FATAL ACCIDENTS PER YEAR
FATPRE R FATAL ACCIDENT PROBABILITY GIVEN AN ACCIDENT
FATALK R WEIGHTING FACTOR USED TQ CALCULATE COMBINED CASUALTY INDEX
FC1 I UNITS DIDGET OF FUNCTIONAL CLASSIFICATION OF ROAD
FClo 1 TENS DIDGET OF FUNCTIONAL CLASSIFICATION OF ROAD
FTOT R TOTAL PREDICTED FATAL ACCIDENTS FOR RUN
H R BASIC PREDICTED ACCIDENTS PER YEAR = a
HT I HIGHWAY TYPE FACTOR
HTOT R TOTAL BASIC PREDICTED ACCIDENTS FOR RUN
I I DO LOOP INDEX
INDEX I DO LOOP INDEX
INJURY R PREDICTED INJURY ACCIDENTS PER YEAR
INJPRB R INJURY ACCIDENT PROBABILITY GIVEN AN ACCIDENT
ITEM1 A HOLDS DATA THAT IS INPUT AND QUTPUT ONLY
ITEM2 A HOLDS DATA THAT IS INPUT AND QUTPUT ONLY
ITEM3 A HOLDS DATA THAT IS INPUT AND QUTPUT ONLY
ITOT R TOTAL PREDICTED INJURY ACCIDENTS FOR RUN
K I CATEGQRY OF UPGRADE/DOWNGRADE
1: PASSIVE TO FLASHING LIGHTS
2 PASSIVE TO GATES
3: TFLASHING LIGHTS TOQ GATES
4:; FLASHING LIGHTIS TO PASSIVE
5: GATES TO PASSIVE
6: GATES TO FLASHING LIGHTS
LANES 1 NUMBER OF HIGHWAY LANES

EXHIBIT A-2. VARIABLE DICTIONARY ACCIDENT AND CASUALTY

PREDICTION FORMULA PROGRAM
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VARTABLE VARIABLE DEFINITION

NAME TYPE

MONTH I MONTH OF CHANGE IN WARNING DEVICE

MTRKS I NUMBER OF MAIN TRACKS

MS R SPEED FACTOR CALCULATION

N I NUMBER OF ACCIDENTS IN T YEARS

NEWCL I PRESENT WARNING DEVICE CLASS

NREC I TOTAL NUMBER CROSSINGS IN RUN

NS L NUMBER OF NIGHT SWITCH TRAINS

NT I NUMBER OF NIGHT THRU TRAINS

OFFSET I VALUE DETERMINES SET OF EXTENDED EFFECTIVENESS
VALUES USED

OTRKS I NUMBER OF OTHER TRACKS

OLDCL I FORMER WARNING DEVICE

PAVE I IS HIGHWAY PAVED? 1: YES, 2: NO

RURAL I LOOKUP TABLE FOR RURAL HIGHWAY TYPES

SPEED I MAXIMUM TIMETABLE TRAIN SPEED

STOPS I NUMBER OF STANDARD STOP SIGNS ON SITE

SWITCH I NUMBER OF SWITCH TRAINS

T I NUMBER OF YEARS OF ACCIDENT HISTORY USED IN
CALCULATING PRED. ACC,

THRU I NUMBER OF THRU TRAINS

148 R TRACKS FACTOR CALCULATION

TO R 1/(.05+H) WEIGHTING FACTOR USED IN ACCIDENT PRED.
FORMULA

TRAINS I NUMBER OF TRAINS

TRACKS I NUMBER OF TRACKS

TS R SWITCH TRAIN FACTOQOR

T R THRU TRAIN FACTOR

UR R URBAN RURAL FACTOR

URBAN I LOOKUP TABLE FOR URBAN HIGHWAY TYPES

YEAR I YEAR OF CHANGE IN WARNING DEVICE CLASS

EXHIBIT A-2. VARIABLE DICTIONARY ACCIDENT AND CASUALTY PREDICTION
FORMULA PROGRAM (CONT)



g s8gzl T3 E LE 0

2 E: : 2 BBEsE, . pziids p EDEEEsccod

— vl O (=] -9 D DAV E == O & vV QO =ga . uw <t PR ™ M M~ M~ 0 D W
[ T 11 17 17117017 1711 LR RRE L 11
000101L390958 120MIRR7001040 0 © 1 0 &1 021219 506208 0 0 9 0 0 0 O
Q00102T390958 120MIRR7001040 0 O 1 0 61 021219 347406 QO 00 0 0 0 0
000 105N390958120MIRR7001040 0 0 1 0 61 021219 90906 O O 000D 0O
Q00106YI909S8 120MIRR7001070 0O 0 2 O 61 0212168 661806 0 0 0 0O 0 0O O
0001084390858 120MIRR7001080 118 116 252 021216 661806 0 1 0 O O O O
000110K290958120MIRR7001080 719 719 252 021216 463206 0 0 0 OO QO O
000112Y390958120MIRR7001080 015 015 252 021217 243506 0 0 O 0 O O O
Q00114M390058 1{20MIRR7001040 012 012 451 021219 83006 Y 0 00000
000115U261154840MIRR7001040 012 012 451 022219 40005 0 000 0O OO
Q00118P261154840MIRR7001040 0 7 O 8 451 021217 175006 0 0 0 4 0 0O O
000119W261154840MIRR7001070 O 7 0 8 451 021216 360007 0 0O 0O O O O O
000120R261154840MIRR7001040 0 7 O 8 451 021219 113005 0 0 1 1 0O O 1
000122E261154840MIRR7001070 0 7 O B 451 021217 261008 Q 0O O 1 O O O
000124T261154840MIRR7001070 0 7 O 8 451 021216 383007 0 0 Q 2 0 O 1
Q00125A261154840MIRR7001040 0 7 O B8 451 021217 49006 0 0 0O O 0O QO Q
000126G261154434MIRR7001070 0 7 0 8 451 121207 296007 0 0 QO O O O O
000128V261154434MIRR7001042 O 7 O 8 451 021209 59005 0 0O 0 0 0O 0 O
000129C261154434MIRR7001040 O 7 O 8 451 022209 1600S 0 QQ 0O OO
000130W261154434MIRR7001040 O 7 O 8 451 021209 100068 0 0 OO0 O0Q
000132K281154434MIRR7001042 0 7 O 8 451 021209 24008 O 0O 0000
O00134Y261154434MIRR7001042 0 7 O 8 451 021208 53006 O OQ 0000
Q00139H261151340MIRR7001040 O 7 O B 451 022209 18005 0 0 01000
000140C261151340MIRR7001042 0 7 0 8 451 021209 17005 0D 00000
000142R261 15 1340MIRR7001040 O 7 O 8 451 021209 15005 00 1 0000
000143X%261151340MIRR7001040 © 7 O 8 451 022208 8005 OO0 DODOO
000146T26115 1340MIRR7001070 O 7 O 8 451 021207 193007 0 O O O O O O
00014BG26115S1340MIRR70Q001040 0 7 ¢ 8 451 022209 10006 0 0O QO 0 O O
000149N2681151340MIRR7001040 O 7 O 8 451 022209 10005 0 00 OO0 OO0
000 151P261151340MIRR7001040 O 3 0 4 401 121209 20005 0O O 10001
O00152W261151340MIRR7OQ1040 O 3 O 4 401 021209 10008 OO QO0O0O0
000153D261151340MIRR7001070 0 3 0 4 401 Q21206 850009 O 00 O 100
O00154K261151340MIRR7001070 O 3 0 4 401 121208 170006 Q O Q 0D O QO O
0001555261151240AA 7001040 © O 0 0 400 121208 44005 0 O 0O DO OO
000156Y261151340AA 7001040 0 0 O D 400 121209 40006 Q O Q0000
000158M261151340MIRR7001040 0 3 0 4 401 022209 10005 0 0O O OO O O
000159U2611512340MIRR7001040 O 3 O 4 401 022209 6005 0000000
OD0160N261151340MIRR7001040 O 3 O 4 401 022209 6005 OO0 0 O0OO0O0O0
000163J261150239MIRRT7DO1040 0 3 O 4 401 022209 7008 OO0 00D0DO0QGO
Q00164R261150239MIRR7001060 0 3 O 4 401 021207 67006 0 OO 00O 0O
000 165X261150238MIRR7001040 O 3 0 4 401 022109 10005 0 QO 0O QOO0
000167L261150239MIRR7001040 0 3 0 4 401 022209 1200 0 0O 2 0O 0O QO
000170U261150239MIRR7001040 O 3 O 4 401 022209 10006 0 QO OO0 0O
00017 1B261153250MIRR7001040 0 3 0 4 401 022209 15005 0 0 0 1 OO0 O
000172H261153250MIRR7001070 O 1 O 1 251 021217 12006 D 0O 0 0 0O O O
Q00174W261153250MIRR7001070 O 1 O 1 251 021219 1000 00 QDO OO
000175026 {153250MIRR7001040 O 1 Q 1 251 221216 12007 000 1000
QO00176K2616813250MIRR7001070 O 2 O 2 451 021207 12007 00O QD00 Q0
0001775826156 13250MIRR7001042 O 2 0 2 451 022209 5005 Q000000
000181626816 13250MIRR7001042 0 2 O 2 451 Q22208 BOOB D OO O OOO
000182N261813250MIRR7001042 © 2 O 2 451 021209 8005 0 0 000 0O
000183V261613250MIRR7001070 0 2 O 2 451 021207 134007 0 0 0 O 0O O ©
000184C261613250MIRR7001040 0 2 O 2 451 022209 6005 O OO0 0000
O00186R2616 132E0MIRR7001070 0 2 0 2 451 021207 10007 O 00000 O
Q00187X2616 13250MIRR7001042 0 2 O 2 451 022209 9005 0O O 0O 0O 0D 0O
000190F26816101SOMIRR7001042 O 2 0 2 451 022209 4005 00O QOO O0COQ
000192U261810150MIRR7001042 O 2 0 2 451 0222048 18006 0 Q0O OO0 D0Q O
Q00 193B261610150MIRR7001042 0 2 0 2 451 Q22209 4005 0O QOO0 OO
000194H261610150AA 7001040 O 1 O 1 51 022209 SOO05 00O O OO OO0
QOO0 195P261614430AA 7001040 0 1 0 1 &1 0222089 5005 O 000000
000196W261614430AA 7001040 0 1 O 1 151 021207 700007 0O 00 0 10 0Q
000 198K261614430AA 7001010 0 0 O 0 50 121209 50005 0 Q00 0DOO0Q
0001995261614430AA 7001042 0 1 0 1 151 022208 20006 OO QD OOOQ
O00202X2616144230AA 7001040 0 1 0 1 51 021209 15005 0 0 0 0000
000203E261614430AA 7001040 0 1 O 1 51 Q021209 2730058 Q 00 0 0 0 O
000204L261614430AA 7001040 O 0 O O 451 121207 1138007 0O 0 G 0O O O ©

EXHIBIT A-3. SAMPLE INPUT TO ACCIDENT AND CASUALTY PREDICTION
FORMULA PROGRAM
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DATA DATA FIELD
FIELD COLUMN LENGTH  TYPE* DESCRIPTION
1 1 7 A CROSSING ID NUMBER
2 8 2 I STATE FIPS CODE
3 10 3 I COUNTY FIPS CODE
A 13 4 I CITY FIPS CODE
5 17 4 A FRA RAILROAD CODE
6 21 4 1 YEAR AND MONTH OF LAST CHANGE
IN WARNING DEVICE
7 25 1 1 FORMER WARNING DEVICE CLASS
8 26 1 I PRESENT WARNING DEVICE CLASS
-9 27 1 I STANDARD STOP SIGNS
10 28 2 I NUMBER NIGHT SWITCH TRAINS
11 30 2 I NUMBER NIGHT THRU TRAINS
12 32 2 I NUMBER DAYLIGHT SWITCH TRAINS
13 34 2 I NUMBER DAYLIGHT THRU TRAINS
14 36 3 I MAXIMUM TIMETABLE TRAIN SPEED
15 - 39 1 I NUMBER MAIN TRACKS
16 40 2 I NUMBER OTHER TRACKS
17 42 1 I DO PASSENGER TRAINS OPERATE OVER
CROSSING? -- 1: YES 2: NO
18 43 1 I IS HICHWAY PAVED? —-
1: YES, 2: WO
19 - 44 1 I NUMBER OF TRAFFIC LANES
20 - 45 2 I FUNCTIONAL CLASSIFICATION OF ROAD
21 47 6 I ESTIMATED ANNUAL AVERAGE DAILY
TRAFFIC
22 53 2 I ESTIMATED PERCENT TRUCK TRAFFIC
23 55 2 I NUMBER OF ACCIDENTS IN 1976
24 57 2 I NUMBER OF ACCIDENTS IN 1977
25 59 2 I NUMBER OF ACCIDENTS IN 1978
26 61 2 I NUMBER OF ACCIDENTS IN 1979
27 63 2 I NUMBER OF ACCIDENTS IN 1980
28 65 2 I NUMBER OF ACCIDENTS IN 1981
29 67 2 I NUMBER OF ACCIDENTS IN 1982
*DATA TYPE:

A - Alphanumeric
I - Integer

EXHIBIT A-4. INPUT DATA FIELD DESCRIPTION FOR THE ACCIDENT
AND CASUALTY PREDICTION PROGRAM
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N R R TR R R R I KR RN AN AR A AR AR RN EX AR A IR X R RN X TR X
Cr

C* THIS PROGRAM PRINTS THE OUTPUT OF THE ACCIDENT AND

c* CASUALTY PREDICTION FORMULA PROGRAM IN REPORT FORMAT

C* THIS PROGRAM GENERATES ONE OF THREE POSSIBLE REPORTS

C* UPON EXECUTION. THE FIRST REPORT IS A RANKING

C#* OF CROSSINGS 8Y FINAL PREDICTED ACCIDENTS, THE

C* SECOND BY FATAL ACCIDENTS, AND THE THIRD BY

(o) COMBINED CASUALTY INDEX. BEFORE EXECUTION OF

-Cx THIS PROGRAM THE INVENTORY INPUT DATA FILE MUST BE SORTED
Cx* IN DESCENDING ORDER ON THE FIELD THE USER WISHES

Cx CROSSINGS TO BE RANKED BY. IF THE INPUT FILE IS

[of] NOT SORTED ON THE CORRECT FIELD THE RANKED

C* OUTPUT RESULTS WILL NOT BE ACCURATE....

Cx

Cx UNIT 20 - INVENTORY INPUT FILE WITH FINAL PREDICTED
Cx* ACCIDENTS

Cx UNIT 21 - REPORT QUTPUT FILE

Cx

CF xR R R R R A R R P X KRR XA TR A R X RN TR EI XTI R R EX I X ®

c

c
c
PARAMETER AH=7 ! # OF YEARS OF ACCIDENT HISTORY AVAILABLE
c
INTEGER 1D(2),STATE,ISTATE(S6),COUNTY,GCITY, RROAD,
YEAR, MONTH, OLDCL , NEWCL , STOPS , NS, NT, DS, DT,
SPEED,MTRKS , DTRKS , AMTRAK , PAVED , LANES, FC10,
FC1, AADT, TRUCKS , ACC(AH) , PAVE(2 ), PAGE , RANK,
DAY(2), THRU, SWIT, TRAINS, TRACKS, TITLE(3)
,CHOICE

LR R

REAL FATAL, INJURY,A H,CMBCAS,AC

DATA PAVE/‘YES’, ’NO ‘/

DATA ISTATE/’/AL’,‘AK’,’ ‘, 'AZ’, “AR’,’CA‘,’ ' 'CO’,’CT’, 'DE’,
IDCI' IFLI, I‘GAI'I l' lHIl'iIDI'IILI|lINi'IIAl' PKSJ'
IKVI' ILAI. IMEI' IMDI' IMAI’lMII. IMNI, ’Msl, IMOI' IMTIJ
'NE’, "NV, ‘NH’, 'NJ’, "NM‘, ‘NY’, 'NC*, 'ND’, ‘OH’, 'DK*,
DR’ ‘PA’,“PR’, “RL’,“SC’,’SD’, TN’ *TX’' “UT’ 'VT’,
IVAYL NI WA WY WY, WY/

NBWN -

c

c
(3 E RS 2R R R R R R P R s R AR LRI RS 2222 F AR SRS

c
c
PAGE=0
RANK=0
c
CALL DATE(DAY)
o]
c
c
Cx INPUT REPORT TYFE AND TITLE OF REPORT

WRITE(5,66)
00066 FORMAT(T10, * PLEASE ENTER REPORT TITLE :’)

READ(5,77) TITLE
00077 FORMAT (3A5)

WRITE(S,88)

EXHIBIT A-6. ACCIDENT AND CASUALTY PREDICTION FORMULA
REPORT PROGRAM
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00083 FORMAT(//,T5, ‘SHOULD REPORT INCLUDE ACCIDENT -,

* ‘PREDICTION RESULTS FOR : ‘//

¥ T10, ‘PREDICTED ACCIDENTS (ENTER 1 )/
* T190, 'FATAL ACCIDENTS (ENTER 2 )’/
x T10, 'COMBINED CASUALTY INDEX (ENTER 3 )'/)

READ(5,99) CHOICE
00098 FORMAT(1)

C+ NEW PAGE!! PRINT PAGE HEADINGS

100 PAGE=PAGE+1
LINE=10
WRITE(21, 110) DAY, PAGE
110 FORMAT{’1’,T3,2A5,T54, '‘PUBLIC RAIL-HIGHWAY CROSSINGS',
* T120, 'PAGE ‘,13)

CALL HEADER(CHGICE)

* READ INVENTORY INPUT FILE

aqQaao

200 READ(20,210,END=900) FATAL, INJURY,CMBCAS,A,H, ID,STATE, COUNTY,
* CITY,RROAD, YEAR, MONTH, OLDCL ,NEWCL , STOPS, NS, NT,

DS, DT, SPEED, MTRKS, OTRKS, AMTRAK , PAVED, LANES,
* FC10,FC1, AADT, TRUCKS, ACC

210 FORMAT(SF10.7,A4,A3,12,13,14, A4 212,311,412,13,11,12,
* 311,2A1,18,12,712)

*

[rXeE¢X2]

K=PAVED
RANK=RANK+1
SWIT=NS+DS
THRU=NT+DT
TRACKS=MTRKS+0TRKS

c

= .

C* DETERMINE ACCIDENT OR CASUALTY MEASURE TO BE USED
c

C

AC=A
IF(CHOICE.EQ.2) AC=FATAL
IF(CHOICE.EQ.3) AC=CMBCAS

Cx WRITE DATA TO REPORT FILE
IF(YEAR.LT.77) GO TO 230

WRITE(21,220) RANK,AC,ID,ISTATE(STATE),RROAD,
ACC(AH-4),ACC{AH-3) ,ACC(AH-2),ACC(AH-1),ACC(AH},
MONTH, YEAR,
NEWGL . SWIT. DT, THRU, TRACKS, MTRKS , SPEED, PAVE (K) ,
LANES,FC10, FC1, AADT

220 FORMAT(2X,16,T12,F10.6,T26,A4 A3,T37, A2,
T40,A4,T46,513,T63,12,7//,12,T71,11,T75,13,T81,12,
T88,12,793,12,799,12,T104,13,T110,A3,T115,12,

* T120,A1,T122,A1,T125,16)

G TO 250 .

* o XN

* "

EXHIBIT A-6. ACCIDENT AND CASUALTY PREDICTION FORMULA
REPORT PROGRAM (Cont.)
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00230 WRITE(21,240) RANK, AC,ID,LISTATE{STATE),RROAD,

* ACC{AH-4), ACC(AH-3),ACC(AH-2), ACC(AH-1)  ACC(AH},
* NEWCL, SWIT,DT, THRU, TRACKS,
* MTRKS , SPEED, PAVE(K ), LANES,FC10, FC1, AADT
240 FORMAT(2X,IB,T12,F10.8,T28, A4, A3,
* T37.A2,T40,.A4,T46,513,T71,11,T75,13,
* T81,12,788,12,7T93,12,799,12,7T104,13,T110,A3,T115,12.
* T120,A1,T122,A1,T125,18)

[+ XeX7]

250 LINE=LINE+1
IF(LINE.LT.80) GO TO 200
GO TO 100

200 CALL EXIT

0O _ o000

END

SUBROUTINE HEADER (WHICH)
INTEGER WHICH

GOTO(300,900,600) WHICH

00300 WRITE(21, 120)
120 FORMAT(T49, 'RANKED BY PREDICTED ACCIDENTS PER YEAR'/
* TE56, ‘INVENTORY DATE: APRIL 1883'/)

WRITE(21, 140)
140 FORMAT (T120, 'U-R/’, /T7, "RANK”,
T14, 'PREDICTED’ ,
T27,'XING’ ,T48, '# OF ACCIDENTS’,
T63, ‘DATE’,T74, ‘TOTL’, T80, ‘DAY‘ ,T8BB, ‘TOTL’,T120, ‘HWY‘/
T14, 'ACCIDENTS ', T27,'ID #',
T37,'ST’,T41,’RR’,T47,’ - =~ == —= ==/,
T64,'0F,T70, ‘WD’ ,T74, SWIT/,TBO, 'THRU', T86, 'THRU' ,
T92, ‘TOTL’,T98, ‘MAIN’, T104, ‘TTBL’,
T110, ‘HWY’,T115, ‘HWY’,T120, 'TYP', /
T14, 'PER YEAR’,T47,’78 79 80 B1 82/,
T63, ‘CHNG’,T70, 'CL’.T74, 'TRNS’, T80, 'TRNS ’,
T4G, ‘TRNS’ . T92, ‘TRKS’, T8, ‘TRKS’,
T104,/SPD’,T110, ‘PVD*,T115, 'LNS’,
T120, ‘CODE’,T127, *AADT*//)

E B R R B BE BE B B B NE N

c
c
‘ GOTO 999
c
c

00800 WRITE(21,122)
122 FORMAT(T49, ‘RANKED BY PREDICTED COMBINED CASUALTY INDEX C.C.I.x’
* /T56, ‘INVENTORY DATE: APRIL 1983‘/)

EXHIBIT A-6. ACCIDENT AND CASUALTY PREDICTION FORMULA
REPORT PROGRAM (Cont.)
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142

LA B 2N K K BE BE BE N N N

gﬂn nao
8

123

143

L B N N N NE N ORN N RN

c
c
00999

WRITE{(21, 142)
FORMAT(T120, ‘U-R/‘,/T7, "RANK~ ,

T14, ‘PREDICTED,
127, 'XING’,T46,’# OF ACCIDENTS',

183, ‘DATE’ , T74, 'TOTL/, T8O, ‘DAY’ ,T88, ‘TOTL/,T120, "HWY'/
TH4.'C.C.1.+7, 127,71 #*,

Y37, 'ST* ,T41,'RR’ . TA7, /== == —= == ==7,

T84, 'QF,T70, ‘WD’ ,T74, /SWIT’,TBO, 'THRU’, T8G, ' THRU"
T92, “TOTL’,T98, 'MAIN’,T104, 'TTBL',

T110. “HWY’ _T1§5, 'HWY’,T120, 'TYP’, /T14, 'PER YEAR’,
¥47,°78 79 80 81 827,

T63, 'CHNG', 170, 'CL’,T74, TRNS/, T8O TRNS/ ,

¥86, 'TRNS',T92, 'TRKS’,T98, ‘TRKS ',

T104,‘SPD’,T110, 'PVD’,T115, ‘LNS’,

T120,“CODE’ ,T127, 'AADT //)

GOTO 999

WRITE(21, 123)
FORMAT (T49, ‘RANKED BY PREDICTED FATAL AGCIDENTS PER YEAR’/

TSE, "INVENTORY DATE: APRIL 1883'/))

WRITE(21, 143)
FORMAT(T14, ‘PREDICTED’ ,T120, 'U-R/‘,/T7, 'RANK",

RETURN
£ND

T14, "FATAL',
727, “XING’,T46,'# OF ACCIDENTS’,

T63, DATE’,T74, /TOTL/, T80, 'DAY/,T86, 'TOTL’, T120, ‘HWY//
T14, “ACCIDENTS’,T27, /1D #°,

137, ST’ .T41,'RR’,T47, /== == == -- --*,

T84, /OF’,T70, ‘WD, T74, 'SWIT, T80, ' THRU/ 786, ' THRU",
Y92, ‘TOTL',T98, ‘MAIN’  T104, ‘TTBL’,

T110, "HWY’,T115, 'HWY’,T120, 'TYP',/

T14, ‘PER YEAR’, T47,/78 79 BO 81 B2/,

Y83, CHNG’, 170, /CL’ ,T74, 'TRNS’, T8O, ‘TRNS ',

188, 'TRNS’, 792, ‘TRKS* T98, 'TRKS’,

1104, 'SPD’,T110, ‘PVD’  T115, 'LNS',

7120, ‘CODE‘ , T127, 'AADT’//)

EXHIBIT A-6. ACCIDENT AND CASUALTY PREDICTION FORMULA

REPORT PROGRAM (Cont.)
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ctt***tStt************1********#*i**tt****ttttt*t!t!!ttltlt!t**#tt#t**t**#

C*
Cx* THIS PROGRAM CALCULATES AN INITIAL BENEFIT/CQST RATIO
Cx FOR EACH CROSSING WHICH DOES NOT CURRENTLY HAVE GATES.
C= INPUT MUST BE IN THE 70 CHARACTER FORMAT PLUS SIX
C= YEARS OF ACCIDENT HISTORY. IN ADDITION,
C* THIS PROGRAM ALSO QUALIFIES CROSSINGS FOR
C* STANDARD STOP SIGN UPGRADES.
C*
C* UNIT 20 - INVENTORY INPUT FILE WITH FINAL PREDICTED
C= ACCIDENTS
C=* UNIT 21 - INITIAL BENMEFIT/COST RATIO QUTPUT FILE
Cx* UNIT 22 - COST/EFFECTIVENESS/BUDGET LEVEL INPUT FILE
Cs
CHEAF LR AT R AT A KA AR R LI IR LA AR AN R R XA RFXE R LA F XA A A A ARt A F b kb e d e 2 &k
c
INTEGER EFFLAG,SEVFLG, SOPFLG,NOSTOP
INTEGER ID{2),CLASS NS, NT,DS, DT,MTRKS,0QTRKS
INTEGER FC10,FC1, 6 AADT,STOPS, TRAINS, TRACKS ,STPFLG
INTEGER OFFSET, INDEX
c
REAL COST(3),EFFECT(12),FATAL, INJURY,CMBCAS,A ,RATIO(3),BENCOS
REAL RAT,AC
c
COMMON/FLAGS/EFFLAG, SEVFLG, SOPFLG, NOSTOP
c
c
(o2 L2 R LR 22 RS 2 R 2 R R R R s R R R R RIS RSS2 222 )
c
C
C*x
C* REQUEST PROGRAM OPTIONS
C*
CALL QUERY
c
c
c
C=*
Cs OPEN INPUT AND CUTPUT FILES
Cx
DPEN(UNIT=20,FILE='ALA.DAT’)
OPEN(UNIT=21,FILE=’'TEMP.DAT')
DOPEN(UNIT=22,FILE=/BENCOS.DAT’)
c
C
C*
C* SAVE FLAGS FOR NEXT PROGRAM
Cx

WRITE(24, 1000)EFFLAG, SEVFLG, SOPFLG,NOSTOP
1000 FORMAT (51)

c*
Cx READ STANDARD COST AND EFFECTIVENESS DATA
Cx

READ(22,2000) COST
2000 FORMAT (3F10.0)

no

READ(22,3000) EFFECT(1),EFFECT(2),EFFECT(3)
3000 FORMAT(3F10.2)

an

IF(EFFLAG.EQ.0)GOTD 100

EXHIBIT B-1. ACCIDENT OR CASUALTY REDUCTION/COST RATIO PROGRAM



Cx
' Cx READ EXTENDED EFFECTIVENESS DATA
Cx
READ(22,4000) EFFECT
4000 FORMAT( 12F10.2)

c
c
c
C* 22T ISs3 32T R2EE2223323 R 2 3228 ]
C* * ) *
Cx* * MAIN PROCESSING LOOP *
cx * SELECT NEXT CROSSING *
Cx * *
Cx* ’ 32222222222 2222222222 2 2 2L
Cc
100 READ( 20,5000, END=500)FATAL, INJURY ,CMBCAS A, ID,CLASS,
* . STOPS,NS,NT,DS, DT MTRKS, DTRKS
* . FC10, FC1 AADT
sS000 FORMAT(4F1D 7, 1OX Ad A3, 18X 211,412,3X,
* I1,12,3X,211, IE)
C
c
Cx
C= DELETE. CROSSINGS WHICH CURRENTLY HAVE GATES
C*
IF(CLASS.EQ.8) GOTO 100
. C
c
C*
Cx TOTAL TRAINS AND TRACKS FOR CURRENT CROSSING
C=
TRAINS=NS+NT+DS+DT
TRACKS=MTRKS+0TRKS
c
c
c
Cx REEXRREERXERETRE R REXRRERT KT RS
C= * *
C* *+ STOP SIGN QUALIFICATION +#
C* * *
Cx EEETLEEFRXET RN ERXKERK KT RREELY
c
STPFLG=0
c
IF(STOPS.GE. 1) GOTQ 150
IF(CLASS.GE.5) GOTQO 180
IF(FC1.NE.9) GOTO 150
IF(TRAINS.LE.10) GOTO 180
IF(TRACKS.NE. 1)} GDTO 150
IF(FC10.NE. 1) GOTO 125
IF(AADT.LT.1500) STPFLG=1
GOTO 150
125 IF(AADT.LT.400)} STPFLG=1
c
c
C* R XK KK AR ET T RETEXXXXERE
Cx * *
C* * EFFECTIVENESS QUALIFICATION *
C* ¥ *
C* FEE R AT F XN E R R RRR LR R RS
c

150 OFFSET=0
IF(EFFLAG.EQ.Q) GOTO 180
IF(TRACKS.GT. 1) GOTO 175
IF(TRAINS.GE.1%) OFFSET=3
GOTO 180

176 OFFSET=6
IF(TRAINS.GE.11) OFFSET=9

EXHIBIT B-1. ACCIDENT OR CASUALTY REDUCTION/COST RATIO PROGRAM (Cont.)
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C* AR R R R R ARk KRRk ko

C*x * ]
C* * CALCULATE BEN/COS RATIOS +
C= x *
Cx KA XXX EEERE R AKX EE R REEEEREXTRTER
c

180 D0 190 INDEX=1,3
180 RATIO(INDEX)=EFFECT (INDEX+OFFSET)/COST(INDEX)

Cx LF GATES ARE ALWAYS MORE COST-EFFECTIVE THAN
C* FLASHING LIGHTS, USE A GATES ONLY POLICY

IF(RATID(2) . GT.RATIO( 1)) RATIO(1)=RATIO(2)

C=* DETERMINE ACCIDENT OR CASUALTY MEASURE TO BE USED

AC=A

IF(SEVFLG.EQ.1) AC=FATAL

IF(SOPFLG.EQ.1) AC=CMBCAS

Cx SINGLE TRACK PASSIVE CROSSINGS
RAT=RATIO( 1)

Cx MULTIPLE TRACK PASSIVE CROSSINGS - GATES ONLY!
IF(TRACKS.GT. 1) RAT=RATIO(2)

C* CROSSINGS WITH FLASHING LIGHTS

IF(CLASS.GT.4) RAT=RATIO(3)

C* CALCULATE BENEFIT/COST RATIO

BENCOS=AC*RAT+10.++6

C* WRITE RESULTS

400 WRITE(21,6000) BENCOS,FATAL, INJURY, K CMBCAS, A, ID, CLASS, TRAINS,
* TRACKS, FC10,FC1, AADT ,STPFLG
8000 FORMAT(F10.6,4F10.7,A4,A3,11,12,13,211,16,11)
GO TO 100

Q000
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500 CLOSE(UNIT=20)
CLOSE(UNIT=21)
CLOSE(UNIT=22)

o0

CALL EXIT

END

SUBROUTINE QUERY

X R R R R R KRR TR R R I A R R E A KR XL ERERN X T RN

C*
C+ THIS SUBROUTINE REQUESTS OPTIONS TO
Cx BE FOLLOWED BY THE BENCOS PROGRAM
C* AND THE RESORS PROGRAM. THE DPTIONS
Cx ARE SELF-EXPLANATORY.
C=
Xk R A KK L F KRS R E AT XX LR TR R RN E IR KRR LS
c
c
INTEGER EFFLAG,SEVFLG, SOPFLG,NOSTOP
C

COMMON/FLAGS/EFFLAG, SEYFLG, SOPFLG,NOSTOP

c
CrEXt AR E XA XXX R EXRREERR AT RF kI RN bk k ke ek hkd bR ek
[od
C
c
Cx
C= SET FLAG DEFAULTS
C*
EFFLAG=1
SEVFLG=0
SOPFLG=0
NOSTOP=0

C= QUERY OPTIONS
WRITE(S, 1000)
1000 FORMAT( / Should basic or extended effectiveness values be used?’/
¥ ’ (Enter 0 - basie; 1 - extended):’)

READ(5S, 1500) EFFLAG
1500 FORMAT(1)

WRITE(S, 2000)
2000 FORMAT ( 7 Should accident severity be used or not used?’/
* ot (Enter O - not used; 1 - used):’)

READ(S,2500) SEVFLG
2500  FORMAT(I)

EXHIBIT B-1. ACCIDENT OR CASUALTY REDUCTION/COST RATIO PROGRAM (Cont.}
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IF(SEVFLG.EQ.0) GOTO 3700
WRITE (5, 3000)
3000 FORMAT (’ Should severity consider fatalities only or’
L ‘! combined casualty index?’/
* ! (Enter O - fatalities only; 1 - combined index): ‘)

READ(5,3500) SOPFLG
3500 FORMAT(1)

03700 WRITE(S, 4000)

04000 FORMAT( Shouid standard stop sign qualifiers be noted ’
* ,'in the final report ?//
* 7 (enter 0 - no; 1 - yes):’)

READ(S, 4500) NOSTOP
4500 FORMAT (1)

8000 RETURN
END

EXHIBIT B-1. ACCIDENT OR CASUALTY REDUCTION/COST RATIO PROGRAM (Cont.)
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VARIABLE VARIABLE

NAME TYPE DESCRIPTION

A R PREDICTED ACCIDENTS

AADT I ANNUAL AVERAGE DAILY VEHICULAR TRAFFIC

BENCCS R ACCIDENT REDUCTION/COST RATIO

CLASS I PRESENT WARNING DEVICE CLASS

CMBCAS R PREDICTED COMBINED CASUALTY INDEX

COST R THRU CURRENT WARNING DEVICE UPGRADE COSTS;
COST({1): COST OF UPGRADING FROM PASSIVE TO FLASHING
COS8T(2); COST OF UPGRADING FROM PASSIVE TO0 GATES
COST(3): COST OF UPGRADING FROM FLASHING TO GATES

DS I NUMBER OF DAYLIGHT SWITCH TRAINS

DT I NUMBER OF DAYLIGHT THRU TRAINS

EFFECT R SET OF WARNING DEVICE UPGRADE EFFECTIVENESS VALUES:
NOTE: THIS VARIABLE COULD CONTAIN EITHER, THREE
STANDARD WARNING DEVICE UPGRADE VALUES OR A SET OF
TWELVE EXTENDED VALUES BASED ON CROSSING TRAINS
AND TRACK TOTALS.
EFFLAG I THIS FLAG DETERMINES WHICH SET QF WARNING DEVICE
UPGRADE EFFECTIVENESS VALUES WILL BE USED, 1 -EXTENDED,
BASED ON TRAINS AND TRACKS, O - STANDARD

FATAL R PREDICTED FATAL ACCIDENTS PER YEAR

FC1 I UNITS DIGET OF FUNCTIONAL CLASSIFICATION OF ROAD

FClo0 I TENS DIGET OF FUNCTIONAL CLASSIFICATION OF ROAD

ID I CROSSING IDENTIFICATION NUMBER

INJURY R PREDICTED INJURY ACCIDENTS PER YEAR

MTRKS I NUMBER OF MATIN TRACKS

NGSTOP I FLAG WHICH DETERMINES IF STOP SIGNS SHOULD BE
CONSIDERED AS AN UPGRADE DEVICE, 0 - No, 1 - YES

NS I NUMBER OF NIGHT SWITCH TRAINS

NT I NUMBER OF NIGHT THRU TRAINS

OFFSET T VALUE DETERMINES WHICH ONE OF FOUR SETS OF EXTENDED
EFFECTIVENESS UPGRADE VALUES WILL BE USED ON THE
CURRENT CROSSING
OTRKS I NUMBER OF OTHER TRACKS
RATIO R THIS VARIABLE HOLDS EFFECTIVENESS/COST RATIOS,
RATIO{1): PASSIVE TO FLASHING UPGRADE EFF. VALUE/COST(Ll)
RATIO(2): PASSIVE TO GATE UPGRADE EFF, VALUE/COST(2)
RATIO(3): TFLASHING TO GATE UPGRADE EFF, VALUE/COST(3)

SEVFLG I FLAG WHICH DETERMINES IF ACCIDENT SEVERITY SHOULD BE USED
AS A PROBABILITY MEASURE, 1 - YES, O - NO
SOPFLG I . FLAG WHICH DETERMINES IF FATALITIES ONLY OR COMBINED

CASUALTY INDEX SHOULD BE USED AS A PROBABILITY MEASURE,
1 - COMBINED CASUALTY INDEX
O -~ FATALITIES ONLY
STOPS NUMBER OF STANDARD STOP SIGNS ON SITE
STPFLG I FLAG, DOES THIS CROSSING QUALIFY FOR A STOP SIGN
UPGRADE, 1 - YES, 0 - NO
NUMBER OF TRACKS
NUMBER OF TRAINS

H

TRACKS
TRAINS

H

EXHIBIT B-2. VARIABLE DICTIONARY FOR THE ACCIDENT OR CASUALTY REDUCTION/OR
COST RATIO PROGRAM
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8.527157'0.031&401'0.1503410'1.7228451[0 5924094002126J;7J‘4?}B 9190L
7.728080 0.0478015 0.1499603 2.5450343 0.5548022000118P415 117 17500
7.318916 0.0226948 0.1608225 1.2955847 0.6227233002153K712 119 63800
6.8905%1 0.0179684 0.1318135 1.0302317 0.4947670002572B422 113 42000
B8.06868612 0.0137643 0. 1091628 0.7973788 0.54786817000213K7 4 2317 68500
5.550948 0.0344068 0.1077138 1.8280525 0.3985783000120R415 119 11301
5.387630 0.0387477 0.0987565 2.0341419 0.3148376003395J4 5 108 5000
5.188918 0.03796859 0. 1188591 2.0172035 0.4308175000124T7156 {1168 35300
4.848551 0,0299346 0.05971885 1.5839183 0.4141151002081J412 318 651000
4.784918 0.0175323 0.0823895 0.68590138 ©.3155896003566H710 119 45000
4.672418 0.0077424 0.0736917 0.4808100 0.3081696000223R7 4 116 106100
4.398058 0.0222778 0.0879933 1.2018830 ©.3156514002087A414 119 27400
4.388587 0.0228727 0.0800180 1.2136530 0.2894485002090H7 8 112 30300
3.774107 0.0099900 0.0812515 0,5807508 ©.3408309002778H7 &8 216 6500
3.761830 0.0081110 0.0843279 0.4698784 0.2481183002706E7 2 116 58aA50
3.658708 0.0075008 0.06268844 0.4377142 0.2413761002713P7 4 119 315150
3.5559814 0.0270009 0.0827401 1.4327858 0.3313209003840K727 218 {15000
3.451976 0.0037338 0.0511024 0.2377908 0.227675300034177 4 114 128000
3.362426 0.0152603 0.0599052 0.8229202 0.22176800002084A7 4 116 8800
3.344532 0.0154458 0.0743891 0.8466788 ©.28452768003648P727 119 10000
3.340518 0.0146332 0.0764748 0,8081368 0.2841859002121E712 116 250400
3.333518 0.0073088 0.0517990 0.4172411 0.19468775002880T4 4 119 18000
3.238443 0.0118403 0.0572104 0.8542282 0.2135917002124A7 8 119 959500
3.222003 0.00706843 0.0500682 0.4032834 0.18816850002981A4 4 119 14400
3.202999 0.0069117 0.0527894 0.4053722 0.2299858002973H422 119 10800
3.193567 0.0273859 0.0642656 1.4335801 0.2106319003467K710 109 23500
3.177847 0.0179348 0.08314268 0.9598328 O.2095819000153D7 7 106 85000
3.137275 0:0158685 0.0700957 0.8635209 0.2923144003655A727 216 132000
3.115458 0.0114889 0.0550378 0.6293808 0.2054802002125G7 8 116 70800
2.908045 0.0057881 0.0498794 0.3381827 ©.1918662002734H7 & 114 82010
2.881832 0.0147840 0.0521754 0.79813778 0.1887391002115B7 8 118 37200
2.847971 0.0080838 0.0483743 0.4525861 0.166321500050%J4 2 108 1600
2.779522 0.0140857 0.0558361 0.7599217 0.1595788002085L414 119 24300
2.777379 0.0166759 0.08536567 0.8996604 ©.2382785002088G714 116 128800
2.775870 0.0106426 0.0604418 0.5925698 0.2361501003631L727 116 50000
2.775377 0.0075721 0.0472348 0_4258384 0. 162082000069254 1 108 8500
2.772870 0.0084118 0.0479575 0.5185471 O, 1828848000233W7 4 117 59200
2.759457 0.0108662 0.0389734 0.5872835 0.2492002002773Y7 4 716 118710
2.754762 0.0022664 0.0409437 0. 1542856 O.1816905000228G7 2 114 65000
2.744271 0.0178314 0.0579309 0.9494988 0.2083731000151P4 7 209 2000
2.735495 0.0119828 0.062623% 0.86817702 0.23271530021190712 118 131400
2.725405 0.0188951 0.0629897 1.0077455 0.2318589003639R727 117 42500
2.706534 0.0045314 0.0431424 0.2697141 0. 1680616000196W4 2 107 70000
2.691695 0.0044602 0.0424524 0,2654642 0.1775309000221C7 4 114 47900
2.579888 0.0215770 0.0864132 1.1452617 0,2194859003612G732 107 22000
2.5681085 0.0194469 0.0595922 1.0319389 0.2388281003638J727 216 38000
2.550344 0.0060830 0.0495689 0.3527165 ©.1682081001897N7 6 108 32100
2.539234 0.00208391 0.0377404 0. 14218981 0. 1874753002173W7 2 117 36700
2.533519 0.0138818 0.0505487 0.7346384 0.1670984002031F7 4 106 31400
2.508054 0.0093540 0.0471998 0.5149020 O.1800865003565B411 117 15000
2.488282 0.0083767 0.0475699 0.4664060 O.1639829000420E7 4 106 26000
2.449897 0.0075957 0.0538256 0.4336117 0.20841880021325712 117 52600
2.415807 0.0077443 0.0483422 0.4335548% 0, 1583347000480U7 2 102 50000
2.401834 0.0118529 0.0423052 0.8349481 0. 1402554002058P4 68 108 5900
2.395838 0.0115941 0.0407804 0.5204B48 0.22321240032295711 516 20000
2.366740 0.0173809 0,05441268 0.9234573 0.2013444000122E715 117 28100
2.348782 0.0103878 0.0528092 0.5721984 {.2186586003538E714 214 40000
2.331731 0.0116529 0.0410281 0.8236714 0.1361731000167L4 7 109 1200
2.320853 0.0016668 0.0293382 0.1126772 0.1355378000483J4 2 118 33400
2.318080 0.0108635 0.0382867 0.5714520 0.2093414003232A7 ¢ 518 15000
2.2731768 0.01368698 0.0404508 0.7239788 O.1327535002085A4 6 109 4700

EXHIBIT B-4. SAMPLE OUTPUT FROM ACCIDENT OR CASUALTY REDUCTION/COST
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DATA FIELD
FIELD COLUMN LENGTH  TYPE DESCRIPTION
1 1 10 F ACCIDENT REDUCTION/COST RATIO IN
ACCIDENTS PER MILLION DOLLARS
2 11 10C F PREDICTED FATAL ACCIDENTS PER YEAR
3 21 10 F PREDICTED INJURY ACCIDENTS PER YEAR
4 31 10 F PREDICTED COMBINED CASUALTY INDEX
5 41 10 F PREDICTED ACCIDENTS
6 51 7 A CROSSING IDENTIFICATION #
7 58 1 I PRESENT WARNING DEVICE CLASS
7 59 2 I NUMBER TRAINS
8 61 3 I NUMBER TRACKS :
9 64 1 I TENS DIDGET FUNCTIONAL
CLASSIFICATION OF ROAD
10 65 1 I UNITS DIDGET FUNCTIONAL
CLASSIFICATION OF ROAD
11 66 6 I ANNUAL AVERAGE DAILY VEHICULAR
TRAFFIC
12 72 1 I STOP SIGN QUALIFIER
*DATA TYPE

EXHIBIT B-5.

I - Integer
F - Fixed Decimal
A - Alphanumeric

FIELD DESCRIPTIONS FOR OUTPUT FROM THE ACCIDENT OR
CASUALTY REDUCTION COST RATIO PROGRAM
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CEEXXF XAk ERE R AR R R TR AN R LR R AR AR R R R R R F AT A AT EA TR R R AR RE RS

Cx
C*
Cx
C

Cz
Cx
C*
Cx*
Cx*
Cx

THIS PROGRAM RUNS THE RESORCE ALLOCATION ALGORITHM
AFTER THE INITIAL BENEFIT/COST RATIC HAS BEEN CALCULATED.

UNIT 20 - INITIAL BENEFIT/COST RATID INPUT FILE SORTED
IN DESCENDING ORDER OF BENEFIT/COST RATIO

UNIT 21 - FINAL BENEFIT/COST RATID OUTPUT FILE

UNIT 22 - COST/EFFECTIVENESS/BUDGET LEVYEL INPUT FILE

UNIT 23 - QUTPUT FILE FOR LOWEST COST/BENEF1T RATIO

UNIT 24 - USER REQUEST/PROG. OPTIONS FILE

(222223 223 E RS SR LR L2 Lt 22 222 2 22+ R R 2 2Lt IS TR 2

c
c

c

c

Cc
c

PARAMETER 1DIM=500

INTEGER EFFLAG,SEVFLG, SOPFLG, NOSTOP

INTEGER MAX, MIN,ID(2),CLASS, TRAINS,K TRACKS,OFFSET

INTEGER INDEX,IFLAG, 6 XID(2,IDIM),PC(1IDIM), TRNS({IDIM)
INTEGER TRKS(IDIM),UR{IDIM),FUN(IDIM), ADT(IDIM),OFF(IDIM)
INTEGER STP(IDIM), K,GATE, LIGHT,DUMP(12), IND, INDX

INTEGER AADT,FC10,FC1,STPFLG

REAL COSTS,BCGATE(IDIM),COST{(3),EFFECT(12), MAXAMT
REAL BENCOS,FATAL, INJURY,A,RATIO(3),AC, EVAL,CVAL
REAL CMBCAS,EFF,COS,BC{IDIM) PA{IDIM), BCMIN, BENFIT

COMMON /AA/ XID,PA,PC,TRNS, TRKS,UR, FUN, ADT,STP,OFF
COMMON /BB/ MAX, EFFECT, COST,GATE, COSTS,MAXAMT , BCMIN

DATA GATE/‘GATE -’/
DATA LIGHT/’LIGHT’/

CHX A X FE XA F XX RF IR AR RN R AR R AR R R KRR KK R AR KA R kxR kR R R kR k%

[

Cx
Cx
Cs

C*
C*
Cx

1000
Cx*
Cx
Cx
C*

C»
C*
C*

2000

OPEN FILES
OPEN(UNIT=20,FILE="ALOC.DAT')

OPEN{UNIT=21,FILE='TEMP.DAT")
OPEN(UNIT=22,FILE="BENCDS.DAT")

READ OPTION FLAGS
READ(24,1000) EFFLAG,SEVFLG, SOPFLG, NOSTOP
FORMAT (41}
INITIALIZE VARIABLES
MAX=1
MIN=1

COSTS=0.
BCGATE(1)= -9899.

READ IN COST AND EFFECTIVNESS DATA

READ(22,2000) COST
FORMAT{3F10.0)

READ(22,2500) EFFECT(1),EFFECT(2),EFFECT(3)

EXHIBIT C-1. RESOURCE ALLOCATION PROGRAM
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2500  FORMAT(3F10.2)

[

C

c 5

c IF{EFFLAG.EQ.0) GOTO 25

Cx

Cs= READ IN EXTENDED EFFECTIVNESS DATA
C*x

READ(22,2700) EFFECT
2700 FORMAT(12F10.2)

c
GOTO 50

c
Cx
Cx READ IN TOTAL BUDGET AMOUNT
Cx

25 READ(22,2700) DUMP
Cc

50 READ(22,3000) MAXAMT

3000 FORMAT(F10.0)
c
(4
c
o
c
Cx* AR RN ERE KR AR AR ERE IR RN E NP AR TR AR NEXY
Cx x MAIN PROCESSING LOOP *
Cs x *
C= * SELECT NEXT CROSSING *
Cx EREREERFERERREEKEFREFKECAF R RAIN IRk X b kI AR XX
C*
C*
C*

100 READ(21,3500, END=400) BENCOS, FATAL, INJURY,CMBCAS A, ID, CLASS,

* TRAINS, TRACKS, FC10,FC1,AADT,STPFLG
3500 FORMAT(F10.8,4F10.7,A4,A3,11,12,13,211,16,11)

c
c
C*
Cx R REE R R RN R EREXRFERRAEE AR RS
Cx = EFFECTIVENESS QUALIFICATION *
Cx * *
C* AXEIEREFEXFRRREEEFRRERER R R R AR R REERE
C* ' ‘
C*x
OFFSET=0
IF(EFFLAG.EQ.0) GOTO 150
c
IF(TRACKS.GT. 1) GOTO 125
IF(TRAINS.GE.11) OFFSET=3
GOTO 150
c

125 CFFSET=8
IF(TRAINS.GE.11) OFFSET=9

C
c
C* Ak ktkk kb kkhkrkhkkhhkkkkkkkkkrkd et eh
C* * CALCULATE BENEFIT/COST RATIO *
c# x »
Cx EREEFREEEIENEEENERRRTRXEEEXRETTRTRXAS
Cs
Cx

150 DO 180 INDEX=1,2
IND=INDEX+OFFSET
160 RATIO{INDEX)=EFFECT(IND)}/COST(INDEX)

0o

EXHIBIT C-1. RESOURCE ALLOCATION PROGRAM (Cont.)
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C#*
Cc#
C*

175
C*
Cx
C*
Cx

C»
C=*
Cx
Cx
180
C*
o3
Cx
C*

Cx
C=*
Cx
[of ]
Cx
Cx
C=
Cx
C*
190

C
c
Cs

DETERMINE ACCIDENT OR CASUALTY MEASURE TO BE USED

AC=A
IF(SEVFLG.EQ. 1) AC=FATAL
IF(SOPFLG.EQ. 1) AC=CMBCAS

IF(CLASS.LE.4) GOTO 175

SELECT WARNING DEVICE COST AND EFFECTIVENESS VALUES
FOR FLASHING LIGHTS TO GATES UPGRADE

IND=3+0FFSET
EVAL=EFFECT(IND)
CVAL=COST(3)
GOTC 200

IF(TRACKS.LE.1) GO TO 180

SELECT WARNING DEVICE COST AND EFFECTIVENESS VALUES
FOR PASSIVE TG GATES UPGRADE

IND=2+0FFSET
EVAL=EFFECT(IND)
CVAL=CO5T(2)
GOTO 200

IF GATES ARE ALWAYS MORE COST-EFFECTIVE THAN
FLASHING LIGHTS, USE A GATES ONLY POLICY

IF(RATIO(2).LE.RATIOD(1)) GO TD 190

SELECT WARNING DEVICE COST AND EFFECTIVENESS VALUES
FOR PASSIVE TO GATES UPGRADE

IND=2+0FFSET
EVAL=EFFECT{IND)
CVAL=COST(2)
GOTO 200

FAEEREERES SRR AR E AR E AR R KRR KL R TR RA AR LR AK
* SINGLE TRACK PASSIVE CROSSINGS *
x x
RN E NN F RN ET LIRS NSRTRNRRES

INDX=2+0FFSET

IND=1+0FFSET
EFF=EFFECT(INDX)-EFFECT(IND)
C0S=COST(2)-COST(1)
BCGATE(MIN)=AC*EFF/C0OS*10.++8

CHECK THE TEMPORARY DECISION LIST

EXHIBIT C-1. RESOURCE ALLOCATION PROGRAM (Conf.)
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185 IFLAG=0
IF(BENCOS.LT.BCGATE(MAX)) CALL GATES(IFLAG)
IF(IFLAG.EQ.1) GO TO 195
IF{IFLAG.EQ.2) GO TO 400

c
C*
Cs ADD THE SELECTED CROSSING TO THE BOTTOM DF THE
C= TEMPORARY DECISION LIST
C*

BC(MIN)=BENCDS

XID(1,MIN)=1D(1)

X1D(2,MIN)=ID(2)

PA(MIN)=AC

PC(MIN)=CLASS

OFF (MIN)=0FFSET

TRNS (MIN)=TRAINS

TRKS(MIN)=TRACKS

UR(MIN)=FC10

FUN{MIN)=FC1

ADT(MIN)=AADT

STP(MIN)=STPFLG

MIN=MIN+1

BCMIN=BENCOS
C
Cx*x
C* CHECK TQ SEE IF THE BUDGET IS EXPENDED
Cx

COSTS=COSTS+COST (1)

IF(COSTS.GE.MAXAMT ) GO 7O 400

GO 7O 100
C
Cc
C* FEEEAFEF R AR KRR KRR RN ER AR
C+ * MULTIPLE TRACK PASSIVE *
C=* £ AND *
Cx * FLASHING LIGHT CROSSINGS x
C* * *
C* FEEEREEEE R AR ER R F AR R R E XA R PR EXNXTEL LS
c .
C= CHECK THE TEMPORARY DECISION LIST
C*
C=*
Cx
Cx

200 IFLAG=0
IF(BENCOS.LT.BCGATE(MAX)) CALL GATES(IFLAG)
IF(IFLAG.EQ.1) GO TO 200
IF({IFLAG.EQ.2) GO TO 400
BENFIT=AC+EVAL
Cx
C#*
C* .
C+ RECOMMEND GATES AT SELECTED CROSSING
C¥
Cx
C*
WRITE(20,4000) BENCOS, AC, ID, CLASS, TRAINS,
* TRACKS,FC10, FC1, AADT, GATE,CVAL ,BENFIT STPFLG
4000 FORMAT(F10.6,F10.8, A4 A3,11,12,13,2I1,16,A5,F7.0,F10.8,11)
BCMIN=BENCOS-
C*
C* CHECK TO SEE IF THE BUDGET IS EXPENDED
C=*

EXHIBIT C-1. RESOURCE ALLOCATION PROGRAM (Cont.)
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COSTS=COSTS+CVAL
IF(COSTS.GE.MAXAMT) GO TO 400
GO TO 100

Cx
C* BUDGET EXPENDED; RECOMMEND FLASHING LIGHTS AT THOSE
Cx CROSSINGS STILL ON THE TEMPORARY DECISION LIST
Cx
[o1 ]
Cx
400 IF(MAX.GE.MIN) GO TO 500
D0 450 K=MAX,K MIN-1
BENFIT=PA(K)*EFFECT( 1+0FF(K))
450 WRITE(20,4000) BC(K),PA(K) XID(1,K),XID(2,K),PC(K),
* TRNS{K), TRKS{K),UR(K) ,FUN(K}, ADT(K),
* LIGHTY,COST{1),BENFIT,STP(K)
500 WRITE(23,5000) BCMIN
5000 FORMAT(FB8.4)

c
c
c
CLOSE(UNIT=20)
CLOSE(UNIT=21)
CLOSE(UNIT=22)
C
c
CALL EXIT
END

SUBROUTINE GATES(IFLAG)
o Ty Ty R eI L S

(] ]

Cs THIS SUBROUTINE RECOMMENDS GATES AT
Cx SINGLE TRACK PASSIVE CROSSINGS.
C*
c***’*?*******’**’****!S*#**??3‘:*“"‘8**‘33*!8!!!’8*!‘**3’****
c
c
PARAMETER IDIM=500
c
INTEGER IFLAG,IND,OFFSET,XID{2,IDIM),PC(IDIM), TRNS(IDIM)
INTEGER TRKS{IDIM),UR(IDIM), FUN(IDIM) ADT(IDIM) STP(IDIM)
INTEGER GATE,MAX,LIGHT ,OFF(IDIM)
Cc
REAL BENFIT,PA{IDIM),EFFECT(12),COST(3),BCMIN
REAL BENCOS, COSTS, MAXAMT
c
COMMON /AA/ XID,PA,PC,TRNS,TRKS,UR, FUN,K ADT, STP, OFF
COMMON /BB/ MAX, EFFECT, COST,GATE,COSTS, MAXAMT , BCMIN
v
c

CXAEEE TSR st Rkt At A TARRERFEXERTTLXRTRERRRRRRRRRRRIARIHERRRK
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C*
C*
Cx
Cx

Cx
C*
C»
Cz

2000

Qo0

Cx
Cx

O 000

.

TURN ON FLAG TO INDICATE SUBROUTINE GATES HAS
BEEN CALLED

IFLAG=1

IND=2+0FF (MAX)
BENFIT=PA(MAX)*EFFECT{IND)
BENCOS=BENFIT/COST(2)*10.*+8

FINALIZE THE RECOMMENDATION OF GATES AND REMOVE
CROSSING FROM THE TEMPORARY DECISION LIST

WRITE(20,2000) BENCOS,PA(MAX),x!D(1.MAX),xtd(z,Mij,
PC(MAX ), TRNS(MAX) , TRKS (MAX) , UR{MAX),
FUN(MAX), ADT(MAX),GATE, COST(2),

BENFIT,STP(MAX)
FORMAT(F10.8,F10.6,A4,A3,117,12,13,211,16,A5,F7.0,F10.6,I1)

MAX=MAX+ 1
BCMIN=BENCOS
CHECK TD SEE IF THE BUDGET 1S EXPENDED

COSTS=COSTS+COST(2)-COST(1)
IF(COSTS.GE.MAXAMT) IFLAG=2

RETURN

END

EXHIBIT C-1. RESOURCE ALLOCATION PROGRAM (Cont.)
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VARIABLE VARIABLE

NAME TYPE DEFINITION

A R PREDICTED ACCIDENTS

AADT I ANNUAL AVERAGE DAILY VEHICULAR TRAFFIC

ADT I ANNUAL AVERAGE DAILY VEHICULAR TRAFFIC STORED FOR
PASSIVE CROSSINGS WITH SINGLE TRACK

AC R PROBABILITY MEASURE, EITHER PREDICTED ACCIDENTS, FATAL
ACCIDENTS, OR COMBINED CASUALTY INDEX

BC R ACCIDENT REDUCTION/COST RATIO STORED FOR PASSIVE

CROSSINGS WITH SINGLE TRACK

BCGATE R INCREMENTAL ACCIDENT REDUCTION/COST RATIO STORED FOR
PASSIVE CRQOSSINGS WITH SINGLE TRACK

BCMIN R MINIMUM ACCIDENT REDUCTION/COST RATIO FOR RUN

BENCOS R ACCIDENT REDUCTION/COST RATIO

BENFIT R ACCIDENTS PREVENTED

CLASS I PRESENT WARNING DEVICE CLASS

CMBCAS . R PREDICTED COMBINED CASUALTY INDEX

COST R THREE CURRENT WARNING DEVICE UPGRADE COSTS;
COST(1l): COST OF UPGRADING FROM PASSIVE TO FLASHING
COST(2): COST OF UPGRADING FROM PASSIVE TO GATES
COST(3): COST OF UPGRADING FROM FLASHING TO GATES

COSTS R CUMULIATIVE COST OF UPGRADES

EFFECT SET OF WARNING DEVICE UPGRADE EFFECTIVEMNESS VALUES

NOTE: THIS VARIABLE COULD CONTAIN EITHER THREE
STANDARD WARNING DEVICE UPGRADE EFFECTIVENESS VALUES
OR A SET OF TWELVE EXTENDED VALUES BASED ON CROSSING
TRAIN AND TRACK TOTALS
EFFLAG THIS FLAG DETERMINES WHICH SET OF WARNING DEVICE UPGRADE
EFFECTIVENESS VALUES WILL BE USED, 1 - EXTENDED BASED
ON TRAINS AND TRACKS, 0 - STANDARD

FATAL 'PREDICTED FATAL ACCIDENTS PER YEAR

FC1l I UNITS DIDGET OF FUNCTIONAL CLASSIFICATION OF ROAD

FCLO I TENS DIDGET OF FUNCTIONAL CLASSIFICATION OF ROAD

FUN I UNITS DIDGET OF FUNCTIONAL CLASSIFICATION CF ROAD
STORED FOR PASSIVE CROSSINGS WITH SINGLE TRACK

GATE I THE WORD "GATE"

D I CROSSING IDENTIFICATION NUMBER

IDIM I PARAMETER WHICH DIMENSIONS VARIABLES USED TO STORE
INFORMATION FOR PASSIVE CROSSINGS WITH SINGLE TRACK

IFLAG I FLAG TO TELL IF SUBROUTINE GATES HAS BEEN CALLED,

' 0 - ¥0, 1 - YES, 2 - YES, MONEY RAN QUT

INJURY R PREDICTED INJURY ACCIDENTS PER YEAR

LIGEHT I THE WORD "LIGHT"

MAX I INDEX OF THE LARGEST ACCIDENT REDUCTION/COST RATIO

STORED IN BCGATE

EXHIBIT C-2. VARIABLE DICTIONARY FOR THE RESOURCE ALLOCATION PROGRAM



VARIABLE VARIABLE

NAME TYPE . DEFINITION

MAXAMT R TOTAL AMOUNT OF MONEY AVAILABLE

MIN I INDEX OF SMALLEST ACCIDENT REDUCTION/COST RATIO
STCRED IN BCGATE

NOSTOP I FLAG WHICH DETERMINES IF STOP SIGNS SHOULD BE
CONSIDERED AS AN UPGRADE DEVICE, 0 -NO, 1 - YES

OFF I OFFSET VALUE STORED FOR PASSIVE CROSSINGS WITH ONE
TRACK STATUS

OFFSET 1 VALUE DETERMINES WHICH ONE OF FOUR SETS OF EXTENDED

EFFECTIVENESS UPGRADE VALUES WILL BE USED ON THE
CURRENT CROSSING

PA R PREDICTED ACCIDENTS STORED FOR PASSIVE CROSSINGS WITH
SINGLE TRACK

PC I PRESENT WARNING DEVICE CLASS STORED FOR PASSIVE
CROSSINGS WITH SINGLE TRACK

RATIO R THIS VARTABLE HOLDS EFFECTIVENESS/COST RATIOS FOR
PASSIVE TO LIGHTS, AND PASSIVE TO GATES UPGRADES

SEVFLG I FLAG WHICH DETERMINES IF ACCIDENT SEVERITY SHOULD BE
USED A5 A PROBABTILITY MEASURE, 1 -YES, 0 -NO

SOPFLG I FLAG WHICH DETERMINES IF FATALITIES ONLY OR COMBINED

CASUALTY INDEX SHOULD BE USED AS A PROBABILITY
MEASURE, 1 - COMBINED CASUALTY INDEX, 1 - COMBINED
INDEX, 0 -FATALITIES ONLY

STP I STOP SIGN QUALIFIER STORED FOR PASSIVE CROSSINGS WITH
SINGLE TRACK
STPFLG I FLAG WHICH DETERMINES IF A CROSSING QUALIFIES FOR STOP

SIGN UPGRADE, 1 - YES, 0 - NO

TRACKS 1 NUMBER OF TRACKS

TRAINS I NUMBER OF TRAINS

TRKS I NUMBER OF TRACKS STORED FOR PASSIVE CROSSINGS WITH
SINGLE TRACK

TRNS : I NUMBER OF TRAINS STORED FOR PASSIVE CROSSINGS WITH

‘ SINGLE TRACK

UR 1 TENS DIDGET OF FUNCTIONAL CLASSIFICATION, OF ROAD STORED
FOR PASSIVE CROSSINGS WITH SINGLE TRACK

XID I CROSSING IDENTIFICATION NUMBER STORED FOR PASSIVE

CROSSINGS WITH SINGLE TRACK

EXHIBIT C-2. E/ARIA;BLE DICTIONARY FOR THE RESOURCE ALLOCATION PROGRAM
CONT
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7.319916 0.622723002153K712 119 G380GATE 58700. 0.42957390
6.798189 ©.554902000118P415 {17 1750GATE 65300. 0.4439220
6.086612 0.547862000213K7 4 317 B950GATE 58700. 0.3561100
6.061464 0.4947870029728422 119 4200GATE 65300. 0.3958140
5.3876830 ©.314838003395J4 5 108 S00LIGHT 43800. (©.2359780
5.189918 ©0.439817000124T715 116 3530GATE 58700. 0.3034740
4.946551 0.4141165002081J412 3168 G5S100GATE 65300. 0.3230100
4.883017 0.398576000120R415 119 1{30GATE 65300. 0.3188611
4.784819 0,315590003566H710 119 4S00GATE 5B8700. 0.2808750
4.672418 0.308170000223R7 4 118 10B10GATE 58700. 0.2742710
4.396058 ©0.3156851002087A414 119 2740LIGHT 43800. 0©.1825470
4.388587 ©0.289450002080H7 8 119 3030GATE 58700. 0©.2578100
3.774107 ©0.340831002778H7 8 218 G6S0GATE 58700. 0.2215400
3.761930 ©0.248118002706E7 2 118 GB8G65GATE 58700. ©0.2208250
3.659708 0.241376002713P7 4 119 31515GATE 58700. .0.2148250
3.555914 0.331321003640K727 216 1500GATE 58700, 0.2087320
3.451976 ©0.227675000341T7 4 114 12800GATE ©S8700. 0.2028310
3.362426 ©.221789000208A7 4 118 B8BOGATE 5B8700Q0. ©.1873740
3.344532 0.284528003848P727 119 1000GATE B5B700. (.1863240
3.340516 ©0.284186002121E712 118 25040GATE 58700. 0.1860880
3.333519 ©.194578002980T4 4 119 1B00OLIGHT 43800. 0. 1460080
3.238443 ©0.213592002124A7 8 119 9590GATE 58700. 0. 16800970
3.222003 0©.1881585002981A4 4 119 1440LIGHT 43800. 0©0.1411240
3.202988 0.2298986002973H422 119 10BOLIGHT 43800. 0.1402910
3.193687 0.210632003487K710 109 23S50GATE ©58700. ©O.1874820
2.177647 0.208582000153D7 7 106 B8500GATE 58700, 0.1865280
3.137275% 0.292314003655A727 218 13200GATE 58700. 0.1841580
3.115458 0.205480002125G7 8 116 70GOGATE 58700. 0.1828770
2.808045 O.1918686002734H7 6 114 - 8201GATE 58700. 0.1707610
2.861632 ©.188739002115B7 &8 1419 2J720GATE ©58700. O.1678780
2.847971 0.166321000509J4 2 108 1BOLIGHT 43800. 0.1247410
2.779522 ©0.199579002085L414 118 2430LIGHT 43800. ©.1217430
2.777379 ©0.235279002088G714 1168 12880GATE 58700. 0.1630320
2.775870 0.236150003631L727 116 5SO0QGATE 58700. 0. 1629440
2.775377 0.162082000692584 1 108 BSOLIGHT 43800. ©.12158620
2.772870 0.182885000233W7 4 117 5920GATE 58700. 0.16276870
2.752457 0.249200002773Y7 4 716 11871GATE ©58700. O. 1618800
2.754782 0.181690000229G7 2 114 B500GATE B8700. 0.1817050
2.744271 ©.208373000151P4 7 209 200GATE B65%300. ¢©.1792010
2.735495 ©0.232715002118D712 118 13140GATE ©58700. 0©.1605740
2.725405 O©.231857003838R727 117 4250GATE 5870C. 0.1599B810
2.708534 ©.158082000196W4 2 107 7O000LIGHT 43800. O.1185480
2.881695 ©.177531000221C7 4 114 4790GATE 58700. ©O. 1580030
2.579988 0.219486003612G732 107 2200GATE S8700. 0.1514450
2.561085 (.238628003638J727 218 3IBOOGATE S5B8700. O, 1503360
2.550344 O0.168208001897N7 8 108 3210GATE B58700. 0. 1497050
2.539234 0.167475002173W7 2 117 3670GATE B58700. 0. 1490530
2.533519 O©O.1687038002031F7 4 106 3140GATE ©58700. 0.1487180
2.508054 0. 18008B6003565B411 117 1SOOLIGHT 43800. O. 1098530
2.486282 ©.163983000420E7 4 108 2600GATE 58700. 0. 1459450
2.449897 0.20841900213258712 117 S526CGATE 58700. O0.14380%0
2.415807 ©.159335000490U7 2 102 5000GATE 58700. 0.1418080
2.401634 ©.140255002058P4 6 108 S90LIGHT 43800. O.1051920

EXHIBIT C-3. SAMPLE OUTPUT FROM RESOURCE ALLOCATION PROGRAM
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Data Field
Field Column Length Type Description

1 1 10 F Accident or casualty
reduction/cost ratio in
accidents per million
dollars

2 11 10 F Accident or casualty measure

3 21 7 A Crossing identification
number

y 28 1 I Present warning device class

5 29 2 I Total trains

6 31 3 I Total tracks

7 34 1 1 Tens digit functional
¢lassification of road

8 35 1 I Units digit functional
classification of road

9 36 6 I Annual average daily
vehicular traffic

10 b2 5 A Recommended warning device

11 47 7 F Cost of warning device
upgrade

12 54 10 F Accidents prevented

13 o4 1 I Stop qualification flag

* DATA TYPE:

I - integer
A - alphanumeric
F - fixed decimal

EXHIBIT C-4.

FIELD DESCRIPTIONS FOR OUTPUT FROM THE RESOURCE
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Cc*
C*
C=
(43
Cx*
C*
C*
C=
Cx*x
Cx
C*
C=»
Cx
C*
C*
Cx

THIS PROGRAM COMPUTES THE DECISION
CRITERIA AND PRINTS THE OUTPUT OF

THE RESOURCE ALLOCATION ALGORITHM

IN A REPORT FORMAT.

UNIT 20 - FINAL BENEFIT/COST RATIO INPUT
FILE SORTED IN DESCENDING ORDER
OF BENEFIT/COST RATIO
UNIT 21 - REPORT OUTPUT FILE
UNIT 22 - COST/EFFECTIVENESS/BUDGET LEVEL
INPUT FILE
UNIT 23 - INPUT FILE FOR LOWEST COST/BENEFIT RATIO
UNIT 24 - USER REQUEST/PROGRAM OPTIONS FILE
UNIT 5 - INTERACTIVE INPUT FILE FOR RUN TITLE

(o 2 2 AL E RS R L R R e s e R s RS ]

c
c
Cc

a o o0 o0

AAAN0O00

Cx
Cx
Cs

LR B N B )

LR I B

INTEGER EFFLAG,SEVFLG, SOPFLG,NDSTOP,STPFLG,OFFSET
INTEGER RURURB(2),ID(2),CLASS, TRACKS,WARN, TITLE(3),FC10,
DEVICE(2,7),DAY(2),PAGE,WHICH,STOP(2) ,REPTYP(3,8)

REAL COST(3),EFFECT(12),RATIO(4),COSTS,DUMP(12)
COMMON /F1G/ EFFLAG,SEVFLG, SOPFLG,NOSTOP ,WHICH
DATA RURURB/‘RURAL’, ‘URBAN’/
DATA DEVICE/‘NONE ’,’ ‘.

‘OTHER’,’ SIGN‘,

‘STOP ’,’SIGN

‘CROSS’ . 'BUCK ’.
'SPECL’. AL /.

'HWY S’,’GNL '
FLIGHT, ’ '/
DATA REPTYP/'ACCI‘,‘FATA‘,/COMB’,L 'DENT’,‘L AC’,’INED’,
'S *,'CIDE’,’ CAS', ' 7L,INTS 7, YUALT ",
’ l’! l.lv INI" I.I I.JDEX ’
'I I’l I,’C-c-’
[ i s ¢ ¥

RS e LA 22T R R R R RS s P Rt e s s RS

OPEN({UNIT=20,FILE="ALOC.DAT")
OPEN(UNIT=21,FILE='REP.DAT’)
OPEN({UNIT=22,FILE="BENCOS.DAT")

READ USER DPTIONS FILE
READ(24,5) EFFLAG,SEVFLG,SOPFLG,NOSTOP
FORMAT (41)

TCOST=0
TBEN=0.

QUERY REPORT TITLE

EXHIBIT C-5. RESOURCE ALLOCATION REPORT PROGRAM
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WRITE(S, 10)

10 FORMAT(’ ENTER TITLE OF RUN:‘}
READ(5,20) TITLE
20 FORMAT( 3AS)
c*
Cx
Cx READ STANDARD COST AND EFFECTIVENESS DATA
[
READ(22,30) COST
30 FORMAT (3F10.0)
C
READ(22,40) EFFECT(1),EFFECT(2),EFFECT(3}
40 FORMAT(3F10.2)
c
Cc
C
IF(EFFLAG.EQ.0) GOTO 45
c
Cc
Cx READ EXTENDED EFFECTIVENESS DATA
Cx
READ(22,42) EFFECT
42 FORMAT(12F10.2)
GOTO 47
c
C
a5 READ(22,42) DUMP
Cc
c
Cx READ TOTAL AMOUNT FUNDS AVAILABLE
o
47 READ{ 22,50} MAXAMT
50 FORMAT(19)
(o
C=
Cx READ MINIMUM ACC.RED./COST RAT. FOR RUN
C*
READ(23,80) BCMIN
680 FORMAT(FE.4)
Cx
Cx
Cx
Cx INITIALIZE STOP QUALIFICATIONS VARIABLES
C=*
STOP(1)="’ ’
STOP(2)="’ ’
IF(NOSTOP.EQ.0) GOTO 61
STOP(1)=" NO ’/
STOP(2)=' YES '
c
C
00061 CALL DATE{DAY)
o4
PAGE=1
o]
c
Cx .
C* PRINT OVERALL REPORYT HEADING
Cx
o
N=SEVFLG+SOPFLG+1
C*

EXHIBIT C-5. RESOURCE ALLOCATION REPORT PROGRAM (Cont.)
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WRITE(21,101) DAY, (REPTYP(N,J),u=1,8),TITLE,MAXAMT,
COST{(1),C0ST(2),COST(3)
101 FORMAT(’1’,T8,2A5,T40,

L

* ‘RAIL-HIGHWAY CROSSING RESQURCE ALLOCATION RESULTS‘,
= T120,'PAGE 1‘/T40, ‘BASED ON PREDICTED ’,68A4/
* T80, ‘FOR ‘,3A5,/T40, 'TOTAL BUDGET: $’,18/
* T43, 'WARNING DEVICE pP-->FL P-->G FL-->G’'/
* T45, 'COST:
* 8x,3(2X, '$’,FB)/)
c
c
Cc
c
IF(EFFLAG.EQ.0) GOTO 102
c
C* PRINT EXTENDED EFFECTIVENESS HEADING.
C#*
C=
WRITE(21,79) EFFECT(1),EFFECT(7),EFFECT(4},
* EFFECT(10) ,EFFECT(2) ,EFFECT(8),EFFECT(5),EFFECT(11),
* EFFECT(3),EFFECT(9),EFFECT(8) ,EFFECT(12)

00079 FORMAT(T40, "EXTENDED EFFECTIVENESS VALUES: */

* T57, 'TRAINS <= 10/,T77, ’TRAINS >= 11/
* T4C, ‘UPGRADE’ ,T54, 'SINGLE’ T84, 'MULTIPLE’,
* T74, 'SINGLE/ , T84, 'MULTIPLE '/
* T40, 'OPTION’ ,TE4, 'TRACK’ ,T64, *TRACK " ,T74, 'TRACK' ,
* T84, ‘TRACK' /
* T40Q,’ -==---~ 4,784 e r T84, 7 ----- r. T4, - !
* , T84,/ -=---~- 4
* T40, ‘PASSIVE - FL',T54,F4.2,7T64,F4.2,T74,F4.2,
* T84 ,F4.2/
* T40, 'PASSIVE - G’,T54,F4.2,T64 ,F4.2,T74 F4.2,
* T84 ,74.2/
* T40, 'FLASHING - G’/,T54,F4.2,T64,F4.2,T74,F4.2,
L4 TR4,F4.2/)
C*
Cx
LINE=18
GOT0 110
Cx
Cx
Cs PRINT STANDARD EFFECTIVENESS HEADING.
C*
C*
00102 WRITE(21,688) EFFECT(1),EFFECT(2), EFFECT(3)
00069 FORMAT(T40, "STANDARD EFFECTIVENESS VALUES: ‘', 3(F3.2,8X)/)
LINE=11
G070 110
c
C# NEW PAGE!! PRINT PAGE HEADINGS
c
c

105 PAGE=PAGE+1
WRITE(21, 108) DAY,PAGE
106 FORMAT(’1/,T8,2A5,T120, 'PAGE’,13/)

LINE=3

oOn a0

110 WHICH=1+NOSTOP+3+SEVFLG+SOPFLG
CALL HEADER({WHICH)

oo

EXHIBIT C-5. RESOURCE ALLOCATION REPORT PROGRAM (Cont.)
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LINE=LINE+&

c
c
[
c
Cr R T T e S s ST P T
Cx * MAIN PROCESSING LOOP *
c* * *
C* * SELECT NEXT CROSSING *
C* e I s s L e ETT
c
c
c
200 READ(20,201,END=999) BENCOS,AVAL,ID,CLASS, TRAINS, TRACKS,
* FC10,FC1, AADT ,WARN,COSTS,BEN, STPFLG
201 FORMAT(F10.6,F10.6,A4 ,A3,11,12,13,2I1,16,A5,F7.0,.F10.6,I1)
Cc
c
c
Cc
c* XXX XFEXFEE XX R X E R XS AT XL XNEEXREFE RN REDR
Cx * EFFECTIVENESS QUALIFICATION *
C* * *
Cx L s e LI e LI S
c
c
OFFSET=0
IF(EFFLAG.EQ.O) GOTO 204
c
IF(TRACKS.GT. 1) GOTO 202
IF(TRAINS.GE.11) OFFSET=3
GOTOD 204
c

202 OFFSET=8
IF(TRAINS .GE.11) OFFSET=9

c

C* AREREXEXE T XEXETAXEX LR LR LA R TR E TR R LR
Cx x CALCULATE BEN/COS RATIOS *
c* * *
C= FREXEFEEREF AR L IR R R AR RK KL A EX IR ERRER
c '

c

204 RATIO(1)=EFFECT(OFFSET+1)/C0OST(1)
RATIO(2)=(EFFECT(OFFSET+2)-EFFECT(OFFSET+1})/(COST(2)-COST(1))
RATIO(3)=EFFECT(OFFSET+2)/C0ST(2)
RATIO(4)=EFFECT(DFFSET+3)/COST(3)

C
C
c
c
c
c
c
TCOST=TCOST+COSTS
TBEN=TBEN+BEN
KCOST=TCOST/1000. +0.5
c
c
c
c
IF(CLASS.GT.4) GO TO 230
c
IF(TRACKS.GT.1) GD TO 220
c
IF(RATIC(2).GT.RATIO(1)) GO TO 220
c
c
(o
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C*
Cx
Cx
C#*
C=
C*
o2

C*
C#*
C*
C*

(s XsNeRoNe Xyl

KEXKFKEXERFEERXEXEXERLRXR LT R E2E
* SINGLE TRACK PASSIVE *
x CROSSING *

EEXEXEEXELXFEEXXFELEXTITLRRXEX LR

CALCULATE DECISION CRITERIA

DC{=BCMIN/(AVAL*RATIQ(1)*10%B)
DC2=BCMIN/ (AVAL*RATIO(2)*10*x6)

J=STPFLG

WRITE CURRENT CROSSING TO REPORT FILE

WRITE(21,205) ID,AVAL,BENCOS, WARN, (DEVICE(J,CLASS),U=1,2), TRACKS,
TRAINS ,KCOST, TBEN,DC1,DC2, STAP(STPFLG+1)

FORMAT(T2,Ad,A3,T10,F10.6,T23,F10.6,T40,A5,T52, 2A5,
T63,12,T71,12,179,16,7T90,F40.6,T101,F5.3,
T108,F5.3,T128, A5)

GOTO 250

Py L I T Y 3
* MULTIPLE TRACK PASSIVE *
L] CROSSING *

AEXE XTI AEX IR ANTEF AR ER SRR

COMPUTE DECISION CRITERIA

‘DC3=BCMIN/ (AVAL*RATIO(3)*10+*B)

WRITE CURRENT CROSSING TO REPORT FILE

"WRITE(21,211) ID,AVAL,BENCOS,WARN, (DEVICE(J,CLASS),J=1,2),TRACKS,

TRAINS ,KCOST, TBEN,DC3,STOP(STPFLG+1)

FORMAT(T2,A4 A3,T10,F10.6,T23,F10.8,T40,A5,T52,2A5,
T63,12,771,12,779,16,7T90,F10.86,T115,F6. 3,
T128 ,A5)

GOTO 250

EXHIBIT C-5. RESOURCE ALLOCATION REPCRT PROGRAM (Cont.)

C-15



C* FEXFXFFIRFRIIAXF N REETREREEREEE RS

C* * FLASHING LIGHTS *

Cs * CROSSING *

C* EEXEEEX LA EE XTI LK XTI LEELEERN TR RE T

Cs

Cx COMPUTE DECISION CRITERIA

C*

230 DC4=BCMIN/ (AVAL*RATIO(4)*10+x8)

C*

C*

C* WRITE CURRENT CROSSING 70O THE REPORT FILE

Cs

WRITE(21,221) ID,AVAL,BENCOS,WARN, (DEVICE(J,CLASS),J=1,2), TRACKS,
* TRAINS,KCOST, TBEN,DC4,STOP(STPFLG+1)
221 FORMAT(T2,A4,A3,T10,F10.6,T23,F10.6,T40,A5,T52, 2A5,

* 163,12,771,12,779,16,T90,F10.6,T121,F5.3,
* T128,A5)

C

Cr

Cx

C*

C*

C

C

o4

250 LINE=LINE+1
IF(LINE.GT.B80) GD TO 105

GO TO 200
c
C
c
CLOSE (UNIT=20)
CLOSE(UN1T=21)
CLOSE({UNIT=22)
c
Cc

939 CALL EXIT
END

SUBROUTINE HEADER{WHICH)
R R R R A R R KRR N R R R AR R R AR AT AR TN R AR RN Rk Rk R

Cx
C= THIS SUBROUTINE PRINTS THE APPROPRIATE
C* HEADER FOR EACH PAGE OF REPORT OUTPUT.
C*
CHrExt ARtk A R AR 2L XA 2 X XL L L 2K XX L RN XXX AL XL RIB XL RL XL RXATEXNED
o]
[~
C
INTEGER WHICH
c
[
C
CEEEE i xd bk AR Atk EF L EE R KRR RI AR A AN H SR AR XA AR R EERIRTRRRL
c
c
c
c
GOTO (110,112,111,113,115,114) WHICH
c
c
Cx PAGE HEADER PRED. ACC. REPORT NO STQP OPTION.
-C
c

110 WRITE(21,1110)

1110 FORMAT(T25, 'ACCIDENT ', T90, ‘CUMULATIVE' /T2, ‘CROSSING’,

T12, 'PREDICTED’ ,T25, 'REDUCTION’, T38, 'RECOMMENDED ',

TE2, 'PRESENT * ,T83, 'TOTAL’,T70Q, 'TOTAL',T79, ‘CUMULATIVE’,
T90, '‘REDUCED’,T101, 'DECISION’,T11C, "CRITERIA’,
T119,'VALUES'/T4,'ID #’,T12, ‘ACCIDENTS’,

T25, 'COST RATIO’,T40, ‘WARNING’,T52, ‘WARNING',

L B B R
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El
*
*
*
x
*
%
*
*
*
*
c
C
C
C=
c
111
ot111%
E 3
*
*
*
*
*
*
L 3
*
k3
E
X
x
*
*
*
*
[
[
[
Cx
c-
112
1112
*
x
%
*
E ]
*
*
*
*
*
®
*
*
x
H]
*
*
C
C

T63,'# OF' ,T71,’# OF’ ,T82,/COST’,T90, ' ACCIDENTS '/
T12, ‘PER YEAR’,T2S, ' (ACC/SMILL) ', T40Q, /DEVICE’,
T62, 'DEVICE’ ,T82, ‘TRACKS' ,T70, ‘TRAINS ', T78,

* ($THOUSAND )/,

T80, ‘PER YEAR’,T101,/DC1‘,T108, ‘DC2/,T115, 'DC3’,
T121,'DC4’ /T2, /------~- ‘,

T12, 7 mmmmmmm - *, T2, ==mmmmmmemn 1,739, " -------- ‘
T§2, (-=--m-- *,T62, ===~ 4,770, —=-—m- £, 179,
L, 1

T90, "-=------ £, T10%,7---" T108, '---/ ,T145 ‘=uu’

PAGE HEADER COMB./CAS. REPORT NO STOP OPTION.

WRITE(21,1111)

T25,7C.C.I.*°,T90, ‘CUMULATIVE’  /

T2, 'CROSSENG ',

T12, ‘PREDICTED’, 725, '‘REDUCTION’, 738, 'RECOMMENDED,
T52, ‘PRESENT’,T63, ‘TOTAL’,T70, 'TOTAL’,T79, 'CUMULATIVE‘,
T90, ‘REDUCED’ , T 101, ‘DECISION’,T110, ‘CRITERIA,
T119,’VALUES'/T4,'ID #’,T12,C.C.1.*”,

T25, ‘COST RATIO’,T40, ‘WARNING’,TS2, 'WARNING’,
Y63,‘# OF’,T71,’# OF',T82, 'COST’ ,T90,'C.C.1.*//
T12, 'PER YEAR‘,T25, ' (ACC/$MILL)‘,T40, ‘DEVICE",
T52, ‘DEVICE,T62, ‘TRACKS’,T70, 'TRAINS’ , T78,

* ($THOUSAND) ’ '

T90, 'PER YEAR’,T101,'DC{’,T108,/DGC2,T115,/DC3",
T121,‘DCA’ /T2, /== ===m- .,

T12, f=mmmmmem £, 728, ==mmmmmmoan 1,739, *=m-m-m-- ‘
152, /------- 1,182,/ ----=- ’, 170,/ ------ ‘,T78,

! omm e ——-—— 7

790, -------- *,T101, ===/ ,T1OR, ==~ ,T415, ' -=-"

GOTO 9399

PAGE HEADER FATALS REPORT NO STOP OPTION.

WRITE(21,1112)
FORMAT(T12, ‘PREDICTED , 725, ‘FATAL ACC.’,KT90, ‘'CUMULATIVE'/

T2, "CROSSING,

T12, 'FATAL’,T25, 'REDUCTION’,T38, ‘RECOMMENDED‘,

TS2, 'PRESENT’,T83, 'TOTAL’ ,T70, ‘TOQTAL', 779, 'CUMULATIVE ',
T90, 'REDUCED’ ,T101, ‘DECISION’,T110, ‘CRITERIA’,

T119, “VALUES' /T4, 'ID #’ ,T12, 'ACCIDENTS’,

T25, 'COST RATIO’, T40, "WARNING' , T52, 'WARNING’,

T63,'# OF’ Y71,’# OF’,T82,’COST’,T90, ‘FATAL ACC‘/

T12, 'PER YEAR’ ,T25, /' (ACC/¢MILL),T40, 'DEVICE’,

T52, 'DEVICE’ ,T62, ‘TRACKS’ ,T70, ‘'TRAINS’ ,T78,

' ($THOUSAND) ',

T90, ‘PER YEAR’,T101,‘DC{’,T108,/DC2/,T115,DCI’,
T121,'DCA’ /T2, /-------~ ’,

T12, /====-m--- 1, T24, ¢ mmmmmmmm - 1,739, --=-mmn ’,
162, 7------- 162, ------ 1,770, =----- 179,

T e - ———-— /

790,/ -------- £,T101,7---7 T108,/---¢ T1158, *---~

GOTO 999
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C+ PAGE HEADER PRED. ‘ACCS. REPORT WITH STOP QUALIFICATION OPTION
c

113 WRITE(21,1113)

1113 FORMAT (T25, ‘ACCIDENTS’ , T80, 'CUMULATIVE’ T128, '"MEETS’/
T2, 'CROSSING’,
T12, 'PREOICTED’, T25, 'REDUCTION’, 738, ‘RECOMMENDED ",
T52, ‘PRESENT’, T63, 'TOTAL’,T70, 'TOTAL’,T79, ‘CUMULATIVE,
T80, "REDUCED’ ,T101, 'DECISION’ ,T110, ‘CRITERIA’,
T118, 'VALUES’,T128, 'STOP'/T4,'ID #’,T12, ‘ACCIDENTS,
T25, 'COST RATIO’,T40, 'WARNING',T52, "WARNING’,
T83,/# OF,T71,# OF’ T82,/COST’, T90, 'ACCIDENTS’, T128,
'SIGN’/
T12,'PER YEAR’,T25,’(ACC/$MILL)’,T40, 'DEVICE’,
T52, ‘DEVICE’, T62, ‘TRACKS’,T70, 'TRAINS/, T78,

* ($THOUSAND) * ,
T90, ‘PER YEAR’,T101, 'DC1/,T108, ‘DC2/,T115, ‘DCI"’,
T121,'DC4a’ , T128, 'RQMNT /T2, /=== ===~ ‘.,
T12,7-=---ioo 1, T28, /-mmmcm e ,T39, /mmmameee ’

T90, f========/ T101,’--=/ T108,/--=7 ,T115, ' ---/,
T121, 7=/ T128, 7 --=-7/)

LR B AR B B N N N N N N R N N N

GOTO 9688

C# PAGE HEADER COMB./CAS. REPORT WITH STOP QUALIFICATION OPTION

114 WRITE(21,1114)
c1114 FORMAT(T25,’C.C.I.x/,

T90, 'CUMULATIVE" T128, ‘MEETS’/

T2, ‘CROSSING’,

T12, ‘PREDICTED’ ,T25, 'REDUCTION’,T38, 'RECOMMENDED ',
T52, '‘PRESENT’ ,T63, "TOTAL’,T70, "TOTAL’/,T78, "CUMULATIVE/,
T90, 'REDUCED’ , T101, 'DECISION’ ,T110, "CRITERIA,
‘T119, 'VALUES ,T128, ‘STOP’/T4, /1D #°,T12,°C.C.I.*",
T25, 'COST RATIO,T40, ‘WARNING’,T52, ‘WARNING,

T63,’# OF/ ,T71,'¢ OF’,T82, ‘'COST/,TS0,'C.C.I.*’,T128,
'SIGN’/

T12, 'PER YEAR',T2E, ' (ACC/$MILL)’,T40, 'DEVICE",

T52, 'DEVICE’,T62, "TRACKS’ ,T70, '"TRAINS’ ,T78,
"{$THOUSAND) ",

190, 'PER YEAR’,T101,’DC1{/,T108,°DC2’,T115,/DC3",
T121,/DC4’ , T128, ‘RQMNT / /T2, = -~=---- !

T12, 7-----loos 1724, fmmmmmmmmen % T NE R — ’
(- P R— £, TG2, 7====m- 7 T70, fmmmm—- 179,

e w - m e ——- s

T90, /---—=--" *,TH01, 1=~ T108, ‘==~ TH15, *===",

L B N BN N B BE B N RE R R

T129,7---7,T128,/~---"/)

GOTO 999
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Cx PAGE HEADER FATALS REPORT WITH STOP QUALIFICATION OPTION
c
115 WRITE(21,1115)
1$15  FORMAT(T12, 'PREDICTED’,T25, ‘FATAL ACG.’,TS0, 'CUMULATIVE'
,T128, ‘MEETS ' /T2, CROSSING”
T12, ‘FATAL’,T25, 'REDUCTION’,T38 , 'RECOMMENDED” ,
752, ‘PRESENT/ ,T63, 'TOTAL',T76C, 'TOTAL’,T79, 'CUMULATIVE ',
T90, ‘REDUCED’, T101, 'DECISION’,T110, ‘CRITERIA’,
T119, ‘VALUES’,T128, 'STOP//T4, ‘1D #/,T12, 'ACCIDENTS',
T25, 'COST RATIO’,T40, 'WARNING’,T52, 'WARNING',
T63,’# DF’,T71,’# OF’.TB2,‘COST’,THO, 'FATAL ACC.’, T128,
‘SIGN'/
T12,'PER YEAR’,T25, ' (ACC/$MILL)’ T40, ‘DEVICE’,
T52, ‘DEVICE, T62, 'TRACKS’,T70, ‘TRAINS’,T78,
' ($THOUSAND) / ,
T90, '‘PER YEAR’,T101,‘DCY’/,T108,'DC2/,T115,/DC3,
T121,/DC4’,T128, ‘RAMNT / /T2, 7 -------- ,
T12, == mmmm - 1, T28, ' mmmmmmm e 4, 7139,/ =--mmmm- ‘)

LA B B B IR S K BN BE B BE N N N B B N

T90, /== mmmm- £,T101,/=--* T108, ‘===’ T11§, /===’
Ti21,7---7,T128,/----"/)
c
999  RETURN
c
END
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APPENDIX D






Cx CEA Rk R R R R R LR R EE R KA KR ARRFRERE RN IR R IR IR Rk X Rk

s C *
C* C THIS PROGRAM GENERATES A LISTING, IN REPORT FORMAT, ¥
C# c OF ALL CROSSINGS THAT QUALIFY FOR STOP SIGNS. *
Cs Cc *
Cx C UNIT-20 INVENTORY INPUT FILE WITH FINAL PREDICTED ACCIDENTS=*
C* c *
C#* c UNIT-21 QUTPUT FILE: REPORT OUTPUT FILE *
Cx Cc *
Cx c NOTE: THIS PROGRAM GENERATES THREE DIFFERENT REPORTS . x
Cx c EACH REPORT RANKS CROSSINGS BY ONE OF THE FOLLOWING <
C#* c MEASURES : PREDICTED ACCIDENTS, PREDICTED FATAL *
C* c ACCIDENTS OR COMBINED CASUALTY INDEX.THE INPUT FILE +*
Cx c SHOULD BE SORTED ON THE MEASURE THAT IS TO BE *
Cx [ CONTAINED IN THE REFORT. x
C= Cc *
Cx (2L E 2P S22 S E L2 RS RS2 L2322 22033222222 T L)
INTEGER DEVICE(2,7),REPTYP(3,8),NS,DS,NT,DT,STOPS,
* FC10,FC1,AADT , TITLE(3),PAGE,CLASS, ID(2) ,LINE,
* DAY (2),STPFLG, TRAINS, TRACKS ,CHOICE , MTRKS ,0TRKS,
* RURURB(2)
REAL FATAL,CMBCAS, INJURY A, AC
DATA RURURB/ 'RURAL’, 'URBAN'/
DATA DEVICE/'NONE /, .,
* ‘QTHER’, * SIGN’,
* 'STOP 7, /SIGN *,
* ‘CROSS‘, ‘BUCK
* ‘SPECI‘, ‘AL ',
x ‘HWY §',‘GNL
* ‘LIGHT’, 4
c
DATA REPTYP/’ACCI’, 'FATA’,‘COMB’, 'DENT’, ‘L AC’,‘INED’,
* fs ','CIDE'.' CAS',' ",’NTS '.'UALT',
* 4 !.,‘ I.JY INI,I I'I l’lDExl
* ’l I'I l,’c-c.'
* ’l I'I l’.’I* I/
c
OPEN(UNIT=21,FILE=‘STOP.DAT")
OPEN(UNIT=20,FILE='ALA.DAT/)
CALL DATE(DAY)
Cx* INPUT REPORT TYPE AND TITLE OF REPORT

WRITE(5,66)
00068 FORMAT(T10,’ PLEASE ENTER REPQRT TITLE :-)

READ(S5,77) TITLE
00077 FORMAT ( 3AS)

WRITE(S,88)
00088 FORMAT(//,T5, *SHOULD REPORT INCLUDE ACCIDENT /,

* ‘PREDICTION RESULTS FOR : ‘//

* T10, ‘PREDICTED ACCIDENTS (ENTER 1 }‘/
* T10, ‘FATAL ACCIDENTS (ENTER 2 )/
* Y4/}

T10, ‘COMBINED CASUALTY INDEX (ENTER 3

READ(5,99) CHOICE

EXHIBIT D-1. STANDARD STOP SIGN REPORT PROGRAM
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00099 FORMAT(1I)

PAGE=1
[
C* PRINT STOP REPORT HEADING
Cs

WRITE(21,109) DAY,PAGE,TITLE
00109 FORMAT ('1’,T8,2A5,

T40, ‘RAIL-HIGHWAY CROSSING RESOURCE ALLOCATIDN’,

’ RESULTS’,T120, 'PAGL ’,I3/T40, 'CANDIDATE CROSSINGS’,
’ FOR STANDARD HIGHWAY STOP SIGNS’/

T52, 'FOR /,3AS5,/

T40, ’* ALL CANDIDATES ARE SINGLE TRACK ~,

‘LOCAL HIGHWAY CROSSINGS’/T4Q,/--------------- ‘,

7 o e e e e e R e M e e R S e S e e B AR e R A e R A e A I/

T40,'-REFER TO PARAGRAPH BB-9 OF THE ’,

'MANUAL DF UNIFORM‘/T40,'TRAFFIC CONTRGL DEVICES ‘,
*FOR FACTORS TO 8E CONSIDERED PRIOR TO'/

T40, 'MAKING STOP SIGN INSTALLATION *,

’DECISIONS. ‘/

T4Q, ' ~=mmmmemmmommmamma—maan .

L B N B R B B L R B BN )

CALL HEADER{CHOICE)
LINE=18

PAGE=PAGE+1
GOTO 100

NEXT PAGE !! PRINT HEADINGS

aaa

00111 WRITE(21,105) DAY, PAGE
00105 FORMAT ("1’ ,T8,2A5,T120,13)
CALL HEADER(CHOICE)

LINE=Y
PAGE=PAGE+1

c
C* khkkkkkbkkbhkkkk kR R kR FREREEXERSY
Cx * x
Cx * MAIN PROCESSING LOOP x
Cx * SELECT NEXT CROSSING x
Cx* * *
C* BEEE RN R AR E R R AR R R ARk kR ek
C
100 READ( 20,5000, END=500)FATAL, INJURY ,CMBCAS , A, ID,CLASS,
* STOPS,NS,NT,DS,DT,MTRKS, OTRKS,
* FC10,FC1, AADT
S000 FORMAT(4F10.7, 10X,A4,A3, 18X,21I1,412,3X,
* I1,12,3X,211,18)
C
c
C*
Cx TOTAL TRAINS AND TRACKS FOR CURRENT CROSSING
[l
TRAINS=NS+NT+DS+DT
TRACKS=MTRKS+0TRKS
c
C
C
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P

Cc# AR AR EEREERERERE Rk EFF XK R

cx * .- *
Cx* * STOP SIGN QUALIFICATION =
C* x *
C# EEEENERERER XX RREREF ARk
c
STPFLG=0
c
IF(STOPS.GE. 1) GOTO 100
C
IF(CLASS.GE.5) GOTO 100
IF(FC1.NE.9) GOTO {00
IF(TRAINS.LE. 10) GOTO 100
IF(TRACKS .NE. 1} GOTO 100
IF(FC10.NE. 1) GOTO 125
IF(AADT.GT.1500) GOTO 100
GOTO 150
125 IF(AADT .GT.400) GOTO 100
o
C*
C* DETERMINE ACCIDENT QR CASUALTY MEASURE
Cx
150 AC=A
IF(CHOICE .EQ.2) AC=FATAL
IF(CHDICE.EQ.3) AC=CMBCAS
Cx
C* WRITE CURRENT CROSSING TDO REPORT FILE
c* '
WRITE(21,248) ID,AC,{(DEVICE(J,6CLASS) ,u=1,2),
* TRAINS, AADT,RURURB(FC10+1)
248 FORMAT (T26,A4 A3, T38,F10.6,T56,2A5,T72,12,
* T83,16,T100,A5)

LINE=LINE+1
IF(LINE GE.60) GOTO 111

GOTO 100

500 CLOSE(UNIT=20)
CLOSE(UNIT=21)
CALL EXIT
END

SUBROUTINE HEADER(WHICH)
C*

INTEGER WHICH
GOTO (116,117,118) WHICH
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Cx PAGE HEADER STOP SIGN QUAL. REPORT (PRED. ACCS.)
c

116 WRITE(21,1116)

1116 FORMAT( T84, ‘ANNUAL ‘' /T26, 'CRDSSING’, T40,

* ‘PREDICTED’ , T56, "PRESENT
* T70, 'TOTAL’, T84, 'AVERAGE’, T98, ‘CROSSING’, /
* 128, 'ID #’,T40,’ACCIDENTS’,
x TS6, 'WARNING’, '
x 170, ‘TRAINS’, T84, ‘DAILY’,T98, ‘LOCATION’/
* T40, ‘PER YEAR’,T56, ‘DEVICE’,
x T70, ‘PER DAY, T84, 'TRAFFIC’,T98, 'URBAN/RURAL’,/
* T28, '-------- *,TAO, #=----=--- ’
x T56, ' ------- .,
* 170, ' ------- /T84, "---=- 1,798, mmmmmmmmm e /)
c
GOTO 899
c
c
C* PAGE HEADER STOPS QUAL. REPORT {COMB./CAS)
c

117 WRITE(21,1117)
1117 FORMAT(T40, 'PREDICTED’ ,TB4, *ANNUAL’/T26, 'CROSSING',T40,

* COMBINED’, T56, ' PRESENT
* T70, 'TOTAL‘, T84, 'AVERAGE *, T98, 'CROSSING’ , /
* T28,ID #/,T40, ’CAS INDEX’,
* T56, ‘WARNING*,
* T70, 'TRAINS’, T84, ‘DAILY’,T98, 'LOCATION’/
* T40, ‘PER YEAR’,T56, 'DEVICE’,
* T70, ‘PER DAY’, T84, 'TRAFFIC’,T98, 'URBAN/RURAL ',/
* T26, 7 -----—-- 7, T40, F--------- '
* 156, F--~---- ‘
x T70,7------- £, T84, Mmmmmme- 7,798, fomm o /)
c
GOTO 999
c
c
cx PAGE HEADER STOP SIGN QUAL. REPORT (FATALS)
p :

i18 WRITE(21,1118)
1118 FORMAT (T40, ‘PREDICTED’ , T84, ‘ANNUAL ' /T26, ‘CROSSING’,T40,

* 'FATAL’,T56, ‘PRESENT
* 170, ‘TOTAL’ T&4, ’AVERAGE’,T98 ‘CROSSING’,/
* T28,/1D # T40,’ACCIDENTS’,
* 156, ‘WARNING ',
* 770, ‘TRAINS*, T84, 'DAILY’,T98, 'LOCATION/
* T40, 'PER YEAR’,TS6, ‘DEVICE’,
* T70./PER DAY’ T84, 'TRAFFIC’,T98, "URBAN/RURAL‘, /
* T26,-------- R e ’,
* T56, 7 ------- ’,
* 170, (=-=-=-- ', T84, /memmmen % (:TIEEEEEFEFEREE /)
c
c
999  RETURN

END
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