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PREFACE 

The Department of Transportation's (DOT) rail-highway crossing accident 

prediction formula and resource allocation model were developed at the 

Transportation Systems Center (TSC) under the sponsorship of the Federal 

Railroad Administration's (FRA) Office of Safety Analysis and the Federal 

Highway Administration's (FHWA) Office of Research. When used together, these 

procedures provide a systematic means of assisting in making a preliminary, 

optimum allocation of funds among individual crossings, considering available 

improvement options. These procedures provide a ranked listing of crossings 

which can then be used as a guide for selecting crossings for on-site visits by 

diagnostic teams. States and railroads are invited to contact the FRA, FHWA, or 

the author of this report for assistance in using the resource allocation 

procedures. 

This report provides an overview of the use and output of these procedures. 

The author had the major role in formulating the resource allocation model while 

Dr. Peter H. Mengert/TSC had the primary role in developing the DOT rail-highway 

crossing accident prediction formula. 
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1. INTRODUCTION 

This report is a revision of a previous report with the same title. (1) The 

present report contains a revised accident prediction formula based on recent 

inventory data and recent accident experience. The report also contains 

formulas which calculate severity prediction; it contains extended warning 

device effectiveness data; and it contains the inclusion of the stop sign option 

in the resource allocation model. 

Under Section 203 of the Highway Safety Acts of 1973 and 1976 and the 

Surface Transportation Assistance Acts of 1978 and 1982, Congress provided 

funding authorizations for individual states to improve safety at public rail­

highway crossings. Included in these authorizations is funding for the 

installation of active motorist warning devices, such as flashing lights or 

flashing lights with gates. These devices are an important part of crossing 

safety improvements. In support of these safety efforts, several projects have 

been undertaken by the U.S. Department of Transportation (DOT) to assist states 

and railroads in determining effective allocations of funds for rail-highway 

crossing safety improvement. One project is the development of a resource 

allocation procedure which assists in nominating and ranking crossings for 

safety improvements to assure maximum safety benefits for a given level of 

funding. DOT's resource allocation procedure is based on two analytical tools: 

an accident prediction formula and a resource allocation model. The purpose of 

this report is to describe these tools in non-technical language and to explain 

the appllcations for the resource allocation procedure. 

A joint U.S. DOT-AAR National Rail-Highway Crossing Inventory (DOT Crossing 

Inventory) was completed in 1976. Updated inventory data are published 

annually. (2) The DOT Crossing Inventory contains characteristics of all rail­

highway crossings in the United States, gives uniform information on each 

crossing, and provides an improved basis for rail-highway crossing accident 

prediction. 

A number of crossing hazard formulas have been developed and used 

extensively in dealing with solutions to the rail-highway crossing safety 

problem. (3) The DOT accident prediction formula is based on the extensive data 

in the DOT Crossing Inventory and is an improvement over other hazard formulas. 



A flow diagram of the DOT accident and severity prediction formulas, 

showing the data bases employed, is described in Figure l. Further information 

on these, procedures is contained in another DOT report. (4) The theory 

underlying the formulas is contained in a separate report. (5) 

FRA 
CROSSING 
ACCIDENT 
DATA FILE 

U,S, DOT-AAR 
CROSSING 

INVENTORY 
DATA FILE 

ACCIDENT 
HISTORY FOR 
CROSSINGS PREDICTED ACCIDENTS 

PER YEAR 

ACCIDENT 
PREDICTION 
FORMULA 

FOR 
CROSSINGS 

PHYSICAL/OPERATING 
CHARACTE~snCSFOR 

CROSSINGS 

SEVERITY 
PREDICTION 
FORMULAS 

PREDICTED SEVERITY FOR 
,~--'" CROSSINGS: 

FATAL ACCIDENTS PER YEAR 
CASUAL TY ACCIDENTS PER 
YEAR 
COMBINED CASUALTY INDEX 

FIGURE 1. DOT RAIL-HIGHWAY CROSSING ACCIDENT AND SEVERITY 
PREDICTION FORMULAS 
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2. DOT ACCIDENT PREDICTION F'ORMULA 

The DOT accident prediction formula was developed using the data shown in 

F'igure 1. Three formulas are used to calculate predicted accidents: a basic 

formula which contains factors from the crossing inventory, a second formula 

which incorporates accident history as an explicit factor, and a third formula 

which involves a normalizing co~stant. The three formulas, given in a general 

form, are shown in equations [1] I [2], and [3] respectively. The output of 

equation [1] is an input to Bquation [2]. The output of equation [2] is the 

input to equation [3]. The output of equation [3] is the predicted accidents 

per year for the crossing of interest. 

a = K X EI X DT X MS X MT X HP X HL [ 1] 

B 
To . (a) + T (NIT), To 1/(0.05 + a) [2] = ---- = 

To +,.1 To + T 

.8644B Passive Devices 

A = .8887B Flashing Lights [3] 
.8131B Gates 

The basic formula [1] was developed using a nonlinear multiple regression 

technique as applied to crossing characteristics contained in the DOT Crossing 

Inventory and to accident data contained in RAIRS. The basic formula consists 

of a number- of !nUl tiplicati ve . factors, each factor representing a characteristic 

of the crossing described in the DOT Crossing Inventory. The numerical value of 

each factor is related to the statistical influence which the specific crossing 

characteristic has on the .predicted number of accidents. The values 

of (a) calculated from equation [1] could be considered accident predictions, 

but they have not been normalized properly. Three sets of equations are used to 

determine the values of each factor, corresponding to the following categories 

of warning devices: passive warning devices, flashing lights, and flashing 

lights with automatic gates. Specific equations for the crossing characteristic 

3 



factors by the three warning device categories are shown ~n Appendix B. Each 

set of factor equations should only be used for crossings ~ith the warning 

device category for which it was designed. To calculate the value of (a) at a 

crossing with crossbucks, for example, the passive set of ~quations should be 

used. In lieu of using. the actual equations in Appendix B, a very good 

approximation can be achieved by using the range values fo~ each tactor. These 

values are tabulated in Appendix C. 

The predictive capacity of the basic formula is limited because certain 

important crossing characteristics, such as site distance at the crossing, are 

not included in the DOT Crossing Inventory. Inclusion of actual accident 

history at crossings, as iSdone in equation [2 J, dramatickllY improves the 

predictive capabilities of the formula. Equation [2J calc~lates a value (B) 

which is a weighted average of two separately derived predictions. The two 

predictions are the value (a) from equation [1], which provides a prediction on 

the basis of a crossing's characteristics (as described in, the DOT Crossing 

Inventory), and the actual accident history at a crossing,which is equal to the 

number of previous accidents (N) divided by the number of years of data (T). 

The value of (T) is usually taken to b~ five. To get the final predicted 

accidents (A), (B) is muitipled by one of three constants ~s indicated by [3J. 

The particular constant depends on whether the crossing ha~ a passive device 

(e.g., crossbuck), a flashing light, or a gate. These constants adjust the 

predictions to reflect more recent levels of accident expe~ience. They will be 

recalculated periodically and published annually in FRA's Rail-Highway Crossing 

Accident/Incident and Inventory Bulletin starting with Bulletin No. 10 to be 

published in 1988 for Calendar Year 1987. 

Values for (B) from equation [2J are tabulated in App~ndix A for different 

values of (a) from equation [lJ, and the number of accidents (N) for five years 

of accident history data. The most recent five years of accident history data 
I 

should be used to ensure good performance from the formula~ Accident history 

information older than five years may be misleading because of changes in 

crossing characteristics. Tables for one, two, three and (our years of accident 

history are published in the User's Guide, Third Edition 4. Referring to the 

table .in Appendix A, the value of (B) is determined from the intersection of the 

appropriate column and row for the values of (a) and (N). 'For example, if a = 

0.10 and N = 1 for five years of data, the value of (B) is'0.143. 
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Use of the DOT accident prediction formula is illustrated below. 

Characteristics of a sample crossing from the DOT Crossing Inventory and RAIRS 

are shown in Table 1. 

TABLE 1. CHARACTERISTICS OF SAMPLE CROSSING 

CHARACTERISTIC VALUE 

Present warning device Cross bucks 

Annual average daily highway traffic 

Total number of train movements per day 

Total number of through trains per day 

Total number of switch trains per day 

Number of main tracks 

Total number of tracks (main and other) 

Number of through trains per day during daylight 

Highway paved? 

Maximum timetable speed, mph 

Number of highway lanes 

Urban - rural location 

Number of years accident data (T) 

Number of accidents (N) in (T) years 

350 

15 

10 

5 
I 

2 

2 

5 

yes 

40 

2 

~ural 

5 

2 

The basic formula [1J is first used to determine the value of (a). The 

values of the formula factors for a passive crossing are determined from 

Table C-1: K = 0.0006938; EI = 42.39; DT = 1.79; MS = 1.36; MT = 1.00; 

HP = 1.00 and HL = 1.00. Substituting the factor values in the basic formula 

yields: 

a = K x EI x DT X MS X MT X HP X HL 

= 0.0006938 X 42.39 X 1.79 X 1.36x 1.00 X 1.00 X 1.00 

= 0.072 
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The value of (B) is determined by combining the value of (a) wiL~ the 

crossing's accident history, using either equation [2] or the table in 

Appendix A for f~ve years of accident data. From Appendix A, with a = 0.072 and 

an accident history of two accidents (N = 2) during the past five years, the 

value of (B) is 0.196. 1 Thus, the final accident prediction value (A) from 

Formula [3J is A = 0.86~4 X 0.196 = 0.169 accidents per year. This could be 

interpreted as one accident in six years. 

The accident prediction formula was compared with other rail-highway 

crossing accident prediction models. Statistical tests which compared these 

models indicated that the accuracy of DOT's formula is superior for ranking, 

crossings by predicted accident levels. Since the DOT formula is based on the 

DOT Crossing Inventory, a common data base of crossing characteristics is 

available to formula users. As the DOT Crossing Inventory is updated and the 

RAIRS dat~ is expanded, the DOT accident prediction formula will reflect the 

latest information. 

'Linear interpolation was used to obtain this value. 
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3. DOT SEVERITY PREDICTION fORMULAS 

The DOT severity prediction formulas were developed using the data shown in 

Figure 1. Two basic kinds of severity predictions can be made: fatal accidents 

per year and casualty accidents per year. Patal accidents are accidents which 

result in a fatality, and casualty accidents are accidents which result in 

either a fatality or an injury~ Both kinds of accidents are reported annually 

by the FRA. (1) 

Ih order to determine fatal accidents per year, given that an accident 

oocurred, the probability that a fatal accident occurred, denoted p(PAIA), is 

first calculated using the formula: 

P(FAIA} = 1/(1 + KF X MS X TT X TS X UR). 

The equation for P(FAIA) and numerical values for the multiplicative factors in 

the denominator are given in Appendix D. The number of fatal accidents per 

year (FA) is then obtained by the formula FA = A X P(FA!A). 

In order to determine casualty accidents per year, given that an accident 

occurred, the probability that a casualty accident occurred, denoted p(cAIA), is 

first calculated using the formula: 

P(CA!A) = 1/(1 + KC X MS X .TK X UR) 

The equation for p(CAIA) and numerical values for the multiplicative factors in 

the denominator are given in Appendix D. The number of casualty accidents per 

year (CA) is then obtained by the formula CA = A X p(cAIA). 

In addition to these two predictions of crossing accident severity, a 

combined casualty index (CCI) can be calculated. If this measure is specified, 

the user must provide a constant which establishes how many injury accidents are 

equivalent to a fatal accident overall. If it is assumed that 50 injury 

accidents provide the same societal loss as one fatal accident, noting that 

CA - FA is the number of injury accidents per year, then 

CCI = 50 FA + CA - FA 

= 49 FA + CA 
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Use of the DOT severity prediction formulas is illustrated by the example 

in Table 1. From Table 0-1 values of the factors needed to calculate the fatal 

accident probability are: KF = 440.9, MS = 0.025, TT = 0.811, TS = 1.169, and 

UR = 1.000. Substituting in formula [4] yields: 

p(FAlA) = 1/(1 + 440.9 X 0.025 X 0.811 X 1.169 X 1.000) = .087~ 

This produces: 

FA = A X P (FAIA) = 0.16 X 0.087 = 0.014 fatal accidents per year. 

This could be interpreted as one fatal accident in 71 years. 

From Table 0-2, values of the factors needed to calculate the casualty 

accident probability are: KC = 4.481, MS = 0.282, TK = 1.259, and UR = 1.000. 

Substituting in formula [5] yields: 

P(CA\A) = 1/(1 + 4.481 X 0.282 X 1.259 X 1.000) = 0.386 

This produces: 

CA = A X p(CAIA) = 0.16 X 0.386 = 0.062 casualty accidents per year. 

This could be interpreted as one casualty accident in 16 years. 

Using the value of 50 injury accidents being equivalent to one fatal 

accident, the combined casualty index, using [6], is: 

CCl = 49 FA + CA 

= 0.75 

This value of CCl could be interpreted as being equivalent to one injury 

accident every 1.3 years. 
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4. RESOURCE ALLOCATION MODEL 

The resource allocation model, shown as part of the resource allocation 

procedure in Figure 2, is design~d to nominate crossings for improvement and 

suggest installation of the types of warning devices which maximize safety in 

the most cost effective manner. (6) Input to the resource allocation model 

includes the number of accidents predicted for each crossing, the severity 

predictions, the cost and effectiveness of different safety improvement options, 

and the budget level available for crossing safety improvement. Accident 

predictions can be made for a crossing by using any accident prediction formula 

which computes the expected number or accidents per year. 

The resource allocation model requires estimated costs for flashing lights 

at a passive crossing, flashing lights and gates at a passive crossing, and for 

gates at a crossing already equipped with flashing lights. The required cost 

data may be specified by the user of the model, or data from a recent DOT study, 

shown in Table 2, may be used. (7) The cost data may be total life-cycle 

costs - the sum of procurement, installation, and maintenance - or those 

associated with a particular component of life-cycle costs. The cost data may 

also be installation costs. 

TABLE 2. COST PARAMETERS FOR CROSSING WARNING DEVICES IN 1983 DOLLARS 

IMPROVEMENT ACTION LIFE CYCLE COSTS INSTALLATION COSTS 

Passive to Flashing $54,500 $43,800 
Lights 

Passive to Flashing $84,000 $65,300 
Lights with Gates 

Flashing Lights to $77,400 $58,700 
Flashing Lights with 
Gates 

9 
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Similarly,-the effectiveness of these warning device improvement options 

must be specified. Effectiveness is the decimal amount by which accidents are 

reduced with installation of the given warning device. Values of warning device 

effectiveness have been obtained by the DOT study. (7) Three standard 

effectiveness values have been determined which are based only on the present 

warning devices and the proposed warning devices. In addition, twelve extended 

effectiveness values have been determined which depend on the present and 

proposed warning devices, on whether the qrossing has a single track or multiple 

tracks, and whether the number of trains per day is less than or equal to 10 or 

greater than or equal to 11. The user of the resource allocation model can 

choose which set of values to use. The DOT effectiveness values are shown in 

Table 3. Alternatively, if users have o~her effectiveness values which they 

believe are preferable, these may be specified in either the standard or 

extended format. 

TABLE 3. EFFECTIVENESS VALUES FOR CROSSING WARNING DEVICES 

STANDARD EXTENDED EF~ECTIVENESS 
IMPROVEMENT ACTION EFFECT IVENESS TRAINS < 10 TRAINS > 11 -

SINGLE MULTIPLE SINGLE MULTIPLE 
TRACK TRACK TRACK TRACK 

Passi ve to Flashing .70 .75 .65 .61 .57 
Lights 

Passive to Flashing .83 .90 .86 .80 .78 
Lights with Gates 

Flashing Lights to .69 .89 .65 .69 .63 
Flashing Lights with 
Gates 

The resource allocation model is used initially to develop a ranked list of 

benefit/cost ratios, repr~senting improvement project decisions for each of the 

crossings anq options under consideration. For a crossing with multiple tracks, 

the model specifies gates as the only improvement o~tion. The benefit is the 

predicted number of accidents prevented per year, the predicted number of fatal 

accidents prevented per year, or the predicted reduced combined casualty index. 

11 



The cost is that specified for the warning device to be installed. The model is 

an aid for the decision maker in his/her determipation of the most cost­

benefIcial crossing improvements. Using the model, the decision-maker i~ 

provided with a list of possible improvement projects that maximize estimated 

benefits for the available fun'ding. 

An example of an applicaiion of the resource allocation model is shown in 

Table 4. This table shows the results for a given set of crossings for a budget 

of $1,000,000, assuming the installation costs of Table 2 and the extended 

effectiveness values of Table 3. The list shows the recommended improvements 

sorted by benefit/cost ratio, where benefit is the 'expected accident reduction. 

The ID, the present warning device, the predicted accidents per year, and the 

improvement costs for each crossing are also included. The sum of the' 

improvement costs is $994,400, which is just under the budget of $1,000,000. If 

one more crossing improvement were added to the list, the budget would be 

exceeded. 

These results are indicative of the computer output that is available. 

Software is available that will show additional crossing characteristics that 

enter into the model. The software will also produce the output list sorted by 

crossing 10 and provide a convenient summary of all the input parameters (4). 

An optional feature has been added to the resource allocation model 

pertaining to stop signs. In the DOT study it was found that stop signs, when 

installed at passive crossings, have an effectiveness of 0.35 and an average 

installation cost of $400. (7) The FHWA has established guidelines for the 

selection of candidate crossings for stop signs. (8) With such a high 

benefit/cost ratio it is important to know which crossings meet these 

guidelines. Therefore the resource allocation procedure identifies passive 

crossings which satisfy the following criteria: 

1. Less than 400 AADT for rural roads. Less than 1500 AADT for urban 

roads~ 

2. Single track. 

3. Greater than 10 trains per day. 

Crossings so identified may also be recommended for an active warning device by 

the resource allocation model. The judgment of the crossing diagnostic team 

would be used at this point to make the b~st improvement decision. 
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TABLE 4. RAIL-HIGHWAY CROSSING RESOURCE ALLOCATION RESULTS 
< 

Crossing Benefit/Cost Recommended I mpro yemen t Present Predicted 
ID Ratio Improvement· Cost Warning Device Acc./Year 

284M 3.60 Gate $58,700 Flashing Lt. .306 

636R 2.68 Gate 65,300 Passi ve .195 

368H 2.61 Gate 58,700 Flashing Lt. .172 

365M 2.61 Gate 58,700 Flashing Lt. .172 

358C 2.44 Gate 58,700 Flashing Lt. . 161 

639L 1. 95 Flashing Lt. 43,800 Passive .114 

249Y 1. 89 Flashing Lt. 43,800 Passive • 111 

377G 1. 45 Gate 58,700 Flashing Lt. .095 

3820 1. 44 Gate 58,700 Flashing Lt. .095 

175X 1. 39 Gate 65,300 Passi ve .105 

337J 1. 25 Gate 58,700 Flashing Lt. .082 

158G 1 • 21 Flashing Lt. 43,800 Passi ve .070 

164K 1 .21 Flashing Lt. 43,800 Passive .070 

651 T 1. 21 Flashing Lt. 43,800 Passive .087 

631G 1. 21 Flashing Lt. 43,800 Passive .087 

389B 1. 18 Flashing Lt. 43,800 Passive .069 

640F 1. 12 Flashing Lt. 43,800 Passi ve .066 

370J 1.06 Gate 58,700 Flashing Lt. .070 

158M 0.98 Flashing Lt. 43,800 Passive .058 





APPENDIX A 

TABLE V~LUES FOR ACCIDENT HISTORY FORMULA 

Table A-1 gives the value of (B) for a crossing from equation [2J based on 

the output (a) of equation [1J and the crossing's five year accident history. 

For example, if the value of Ca) is 0.20 and the crossing experienced two 

accidents during the past five years, the value of (B) would be 0.311. 

; 1 

! Preceding page blank I 
1 ____________ - _______ • -_-I 
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APPENDIX B 

EQUATIONS FOR BASIC FORMULA 

Table B-1 lists equations for determining values of crossing characteristic 

factors used in the basic formula [ 1]. A different set of equations is provided 

for each of the warning device categories: passive, flashing lights, and gates. 

Each set of factor equations should only be used for crossings with the warning 

device category for which it was designed. To calculate (a) at a crossing with 

cross bucks , for example, the passive set of equations would be used. For cases 

indicated in the table where the equation is shown ~s a constant 1.0, it was 

found that the characteristic did not have a statistical relationship to 

predicting crossing accidents. 

If the warning devices at a particular crossing were upgraded in the last 

five years, it is preferable to use the set of equations for the warning device 

existing prior to upgrading and multiply the resulting value of (a) by the 

appropriate effectiveness factor from Table 3. In calculating (B) for such a 

crossing, only accident history since the upgrading should be considered. For 

- example, if the warning devices at a crossing .were upgraded fro~ crossbucks to 

gates two years ago, the value of (a) should be calculated using the equation 

for "passive" crossings and the result should be multiplied by 1 - 0.83 = 0.17. 

Though five years of accident history may be available, only the accidents and 

the time elapsed since the upgrade (T = 2) should be used in arriving at a value 

of (B). The final accident prediction (A) would be obtained from the equation 

A = 0.8131 X B. 

17 



TA
BL

E 
B

-1
. 

EQ
U

A
TI

O
N

S 
FO

R 
C

R
O

SS
IN

G
 

C
H

A
R

A
C

TE
R

IS
TI

C
 

FA
CT

O
RS

 

G
EN

ER
A

L 
fO

RM
 

O
f 

B
A

SI
C

 
fO

RM
U

LA
: 

a 
=

 K
 x

 E
I 

x 
DT

 
x 

M
S 

x 
/'I

T 
x 

HP
 

x 
HL

 

C
R

O
SS

IN
G

 
C

H
A

R
A

C
TE

R
IS

TI
C

 
fA

C
TO

R
S 

EX
PO

SU
RE

 
DA

Y 
TH

RO
UG

H 
M

AX
IM

UM
 

M
AI

N 
HI

GH
W

AY
 

HI
GH

W
AY

 
C

R
O

SS
IN

G
 

fO
RM

U
LA

 
IN

D
EX

 
TR

A
IN

S 
SP

EE
D

 
TR

A
CK

S 
PA

VE
D 

LA
N

ES
 

CA
TE

GO
RY

 
CO

N
ST

A
N

T 
fA

CT
O

R 
fA

CT
O

R 
fA

CT
O

R 
fA

CT
O

R 
F'A

CT
OR

 
fA

CT
O

R 

K
 

E
I 

DT
 

M
S 

/'I
T 

HP
 

HL
 

PA
SS

IV
E 

0
.0

0
0

6
9

3
8

 
«

c
 x

 
t 

+
 

0
.2

)/
0

.2
)0

.3
7

 
«

d
 

+
 

0
.2

)/
0

.2
)0

.1
7

8
 

eO
.0

07
7m

s 
1

.0
 

e
-0

.5
9

6
6

(h
p

-l
) 

1
.0

 

fL
A

SH
IN

G
 

0.
00

03
35

1 
«

c
 

x 
t 

+
 
0.

2)
/0

.2
)0

.~
10

6 
«

d
 

+
 

0
.2

)/
0

.2
)0

.1
1

3
1

 
1

.0
 

eO
.1

91
7m

t 
1

.0
 

eO
.1

8
2

6
(h

l-
l)

 
LI

G
H

TS
 

.. -
co

 
G

A
TE

S 
0
.
0
0
0
5
7
~
5
 

«
c
 x

 
t 

+
 
0
.
2
)
/
0
.
2
)
0
.
2
9
~
2
 

«
d

 
+

 
0

.2
)/

0
.2

)0
.1

7
8

1
 

1
.0

 
eO

.1
51

2m
t 

1
.0

 
-

e
O
.
l
~
2
0
(
h
l
-
1
)
 

-
-

-
-
-

-
-
-

-
-

-
_

_
 L

-
-
.
-
-

c 
nu

m
be

r 
o

f 
hi

gh
w

ay
 

v
eh

ic
le

s 
p

er
 d

ay
 

t 
nu

m
be

r 
o

f 
tr

a
in

s 
p

er
 d

ay
 

m
t 

=
 n

um
be

r 
o

f 
m

ai
n 

tr
a
c
k

s 

d 
=

 n
um

be
r 

o
f 

th
ro

u
g

h
 

tr
a
in

s 
p

er
 d

ay
 d

u
ri

n
g

 d
a
y

li
g

h
t 

hp
 

hi
gh

w
ay

 
pa

 v
ed

? 
y

es
 
=

 1
.0

 a
nd

 
no

 
=

 2
.0

 

ID
S

 
m

ax
im

um
 

ti
m

et
ab

le
 s

p
ee

d
, 

m
ph

 

h
I 

=
 nu

m
be

r 
o

f 
hi

gh
w

ay
 l

a
n

e
s 



APPENDIX C 

TABLE VA"L..UES fOR BASIC FORMULA FACTORS 

Tables C-" C-2, and C-3 pr0vide numerical values for the crossing 

characteristic factors of the basic formula [1] for the various characteristic 

levels. A different t~ble is provided for each of the categories: passive, 

flashing lights, and gates. The values are to be used only for crossings with 

the warning device category for which it was designed. To calculate the value 

of (a) at a crossing with flashing lights, Table C-2 would be used to obtain the 

factor values for substitution into the basic formula. 

If the warning devices at a particular crossing were upgraded in the last 

five years, it is preferable to use the set of equations for the warning device 

existing prior to upgrading and multiply the resulting value of (a) by the 

appropriate effectiveness factor from Table 3. In calculating (B) for such a 

crossing, "only accident history since the upgrading should be considered. For 

example, if the warning device at a crossing were upgraded from crossbucks to 

gates two years ago, the value of (a) should be developed using Table C-l and 

the result should be multiplied by 1 - 0.83 = 0.17. Though five years of 

accident history may be available, only the accidents and the time elapsed since 

the upgrade (T = 2) should be used in arriving at a value of (B). The final 

accident predic~ion (A) would be obtained from the equation A = 0.8131 X B. 
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where 

where 

APPENDIX D 

EQUATIONS AND T~B~R VA~UES POR SEVERITY PREDICTION ~ORMULAS 

The equa~ion for P(FAIA) is: 

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

K~ = 440.9, MS = IDs-O.9981, TT = (tt + 1)-0.0872, 

TS = (ts + 1)0.0872, UR = eO.3571ur 

The equation for peCAIA) is: 

p(CAIA) = l/el + KC X MS X TK X UR), 

KC = 4.481, MS = IDs-0 .343, TK = eO.1153tk, UR = eO•2960ur 

Tables D-1 and D-2 provide the numerical values of the severity prediction 

formulas [4] and [5J. These formulas apply to all crossings regardless of the 

type of warning device present. 
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GLOSSARY 

AAR - Association of American Railroads 

accident prediction formula - A hazard function which calculates predicted 

accidents per year at a crossing. 

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

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

basic accident prediction formula - Provides an initial prediction of a 

crossing's accidents based on its characteristics in the DOT Crossing 

Inventory. Results of the basic formula are used as input for the DOT 

accident prediction formula. 

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

fatalities, or casualties prevented per year to the cost of the warning 

systems ($). 

combined casualty index (eCI) - A measure of accident severity which combines 

fatal and injury accidents into a single index. 

effectiveness Accident reduction factor for a warning device relative to 

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

no effectiveness and one is total effectiveness. 

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

that are either cantilevered or mast-mounted. 

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

lights. 

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

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

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

install, and maintain a warning device over its useful service. 

optimum safety improvement - An improvement which maximizes safety benefits, in 

terms of reduced accidents, fatalities, or casualties, for a given amount of 

funding. 

! Preceding page b~ank I 
I __ ~ ___ --,- ~ __ - - - __ _ 
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passive warning device - A wat'ning device not activated by an approaching train. 

RAIRS - Railroad Accident/I!1cident Reporting System 

severity prediction formula - A formula which calculates predicted fatal 

accidents per year or predicted casualty accidents per year. 

warning device - A device ~hich warns highway users that the roadway crosses 

railroad trackage. 

warning device categories - The following types of warning devices. are included 

in the three warning device categories established for the DOT resource 

allocation procedure: 

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

no signs or signals. These devices are classes 1, 2, 3 and 4 in the 

- DOT Crossing Inventory. 

2. flashing light warning devices: flashing lights, both cantilevered 

and post-mounted; highway signals, wig-wags, or bells; and special 

warnings such as flagmen. These devices are classes 5, 6, and 7 in 

the DOT Crossing Inventory. 

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

device is class 8 in the DOT Crossing Inventory. 
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