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PREFACE

The Department of Transportation's (DOT) rail-highway crossing accident, prediction
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 Analysis. When used together, these procedures
provide an automated and systematic means of making preliminary cost-effective

allocations of funds for improvement options among individual crossings.

This user's guide provides complete information for application of the DOT procedures,
Preparation of this third edition was the overall responsibility of Edwin H, Farr of TSC.
Randhir Chhatwal of Bedford Research Inc., under contract to TSC, was responsible for
development and description of computer programs required for application of the

procedures.

iii



METRIC CONVERSION FACTORS

g———r =2
Approximate Conversions o Matric Measures = == Approximate Conversions from Metric Measures
= E 2
= = $Symbol When You Know  Muitiply by ToFind Symbol
Symbol  Whan You Know Multiply by To Find Symbol - = 21
- ———
e—= & 2 LENGTH
LENGTH e m.lll.‘o mm millimeters 0.04 inches in
— = cm cantimaetars 04 inches in
i — = fl
in inches 286 cantimetar cm 2 = =—1 m meters 33 fost
f fast 0 centimetens cm = E— m matars 1.1 yards vd
vd yerds [ Y"1 TS m — ......m 17 km kilomaters 06 miles mi
™l miles 1.8 kilometers km = B
= E——s AREA
AREA = = bl
6———= = _____16 omd square centimeters 0.16 squsre inchas in?
int squere inchas 65 square cantimetsrs  om? —= = me square maters 1.2 square yards yd?
i square feet 008 square meters m -= = 14 wm? quare kilometers 0.4 aquase miles mi?
yd? square yards oAa wuATs METars m = = hs hectares (10,000 2} 26 acree
P square miles 28 squere kilometarns km? —_ =
acres 0.4 hectares ha 5 -= u..||m.||...l_u
= £ MASS (weight)
MASS (weight) — Wllli._n
_— = 9 grams 0035 ounces oz
- TV S E N i 2 :
short 1008 09 tonnes t 4 = = 10 ' tonnes (1000 k) 11 short tons
(2000 th) -= =
VOLUME = E 9 VOLUME
ey TpPOOns B milliliters ol ||IIW W 8 "._. n.._ﬁ.“i: w.mu fluid ounces :.E
Toep wblaspoons 6 3__:__.3: mi 3—= = ) lirers A_.Gm vu,o..“ . M.
oz fiuid ounces uﬂ 24 ﬂ-___.:.!.- ":_ = = 3 _ iers o.nm M- orts &
n- ”...ﬂm ouaa __.u.“” | —_— HIMI..|...I m? cubic meters 6 cubic feet td
M- quarts 0.95 liters ' = = 6 m3 cubic meters 1.3 cubic ysrds yad
gat gailons 38 litors i = =
s cublic feer g0 cubic meters w2 = £ § TEMPERATURE (exact)
yd? cubic yards 0.76 cubic matars m? = =
TEMPERATURE (exact) —= = 4 o Clsius 9/6 (then  Fahrenheit of
—— -—-= WII temperaturs sdd 32) amparaturs
oF Fahranheit 6/9 (after Calsius oC - = 3
emparature wbiracling  lamperature \——= E oF
32 —_ E—2 oF 32 96.6 212
= = - 0 4 8 | 120 w6 200
u-5.lu.ubn..._nson.-.._..moneﬂ.ll-n.oo:c!toa-:na.oanoﬂ:g.llo — = =—-1 L _.- _._ -4 LAt i1y
N8S$ Misc. Publ. 288 Units of Weight anct Mossures. Price $2.26 S0 Cawlog ) —_— 5— —40 -20 ° 2 40 60 20 100
No. C13 10 288, inchss -= = om oC 37 oC




TABLE OF CONTENTS

Section

1.

3.

4,

Introduction

1.1 Purpose
1.2 Background
1.3 Organization of Guide

DOT Rail-Highway Crossing Resource Allocation Procedure - Overview
DOT Accident and Casualty Prediction Formula

3.1 Introduction
3.2 Description of Formulas for Accident Prediction

3.2.1 Overview

3.2.2 Basic Formula

3.2.3 Accident History

3.2.4 General Accident Prediction Formula

3.3 Description of Formulas for Accident Severity

3.3.1 Overview
3.3.2 Fatality and Casualty Prediction Formulas
3.3.3 Combined Casualty Index Formula

Resource Allocation Model

4.1 Introduction
4.2 Resource Allocation Model for Active Warning Devices

2.1 Overview

2.2 Description of Model Algorithm

2.3 Demonstration of Model Algorithm

.2.4 Active Warning Device Cost Data

2.5 Active Warning Device Effectiveness Data

2.6 Field Verification and Revision of Resource Allocation Results

4.3 Resource Allocation Model for Standard Highway Stop Signs
Application of DOT Resource Allocation Procedure
5.1 DOT Accident and Casualty Prediction Formula

;.l.l Manual Calculation of Predicted Accidents and Casualties

.1.2 Computer Program for Calculation of Predicted Accidents
and Causualties

00 ~J

10
13
17
24
24
25
31
34

34
34

34
36
42
46

49
51

56
59
59
59

63



TABLE OF CONTENTS (Cont.)

Section

5.2 Computer Program for Resource Allocation Model
APPENDIX A
APPENDIX B

REFERENCES

vi

A-l
B-1

R-1



Figure
2-1

3-1

3-2

4-1

5-3

5-4

3-3

5-6

LIST OF ILLUSTRATIONS

RAIL-HIGHWAY CROSSING RESOURCE ALLOCATION PROCEDURE

DOT RAIL-HIGHWAY CROSSING ACCIDENT AND SEVERITY
PREDICTION FORMULAS

TYPICAL PLOTS OF PROBABILITY OF FATAL ACCIDENTS
P(FAJA) AND PROBABILITY OF CASUALTY ACCIDENTS
P(CA|A) AS A FUNCTION OF TIMETABLE TRAIN SPEED ms
RESOURCE ALLOCATION ALGORITHM

FIELD VERIFICATION WORKSHEET

EXAMPLE OF INPUT PARAMETERS FOR PREDICTED ACCIDENTS
PER YEAR

EXAMPLE OF RANKED LIST OF CROSSINGS FOR PREDICTED
ACCIDENTS PER YEAR

EXAMPLE OF CROSSINGS SORTED BY ID FOR PREDICTED
ACCIDENTS PER YEAR

EXAMPLE OF INPUT PARAMETERS FOR PREDICTED FATAL
ACCIDENTS PER YEAR

EXAMPLE OF RANKED LIST OF CROSSINGS FOR PREDICTED
FATAL ACCIDENTS PER YEAR

EXAMPLE OF CROSSINGS SORTED BY ID FOR PREDICTED
FATAL ACCIDENTS PER YEAR

EXAMPLE OF INPUT PARAMETERS FOR COMBINED CASUALTY
INDEX

EXAMPLE OF RANKED LIST OF CROSSINGS FOR COMBINED
CASUALTY INDEX

EXAMPLE OF CROSSINGS SORTED BY ID FOR COMBINED
CASUALTY INDEX

EXAMPLE OF INPUT PARAMETERS FOR RESOURCE ALLOCATION
REPORT PROGRAM

EXAMPLE OF CROSSINGS SELECTED FOR UPGRADE
EXAMPLE OF SELECTED CROSSINGS SORTED BY ID

EXAMPLE OF CANDIDATE CROSSINGS FOR STOP SIGNS

vii

Page

32
40

52

67

68

69

70

71

72

73

74

75

77
78
79

30



Table
3-1
3-2

3-3

3-5
3-6
3-7

3-8

4-2
4-3
bt
4-5

4-6

LIST OF TABLES

EQUATIONS FOR CROSSING CHARACTERISTIC FACTORS
FACTOR VALUES FOR CROSSINGS WITH PASSIVE WARNING DEVICES

FACTOR YALUES FOR CROSSINGS WITH FLASHING LIGHT WARNING
DEVICES

FACTOR VALUES FOR CROSSINGS WITH GATE WARNING DEVICES

VALUES OF B, GIVEN THE INITIAL PREDICTION AND ACCIDENT
HISTORY, | YEAR OF ACCIDENT DATA (T=1)

VALUES OF B, GIVEN THE INITIAL PREDICTION AND ACCIDENT
HISTORY, 2 YEARS OF ACCIDENT DATA (T=2)

VALUES OF B, GIVEN THE INITIAL PREDICTION AND ACCIDENT
HISTORY, 3 YEARS OF ACCIDENT DATA (T=3)

VALUES OF B, GIVEN THE INITIAL PREDICTION AND ACCIDENT
HISTORY, 4 YEARS OF ACCIDENT DATA (T=4)

VALUES OF B, GIVEN THE INITIAL PREDICTION AND ACCIDENT
HISTORY, 5 YEARS OF ACCIDENT DATA (T=5)

EQUATIONS FOR CROSSING CHARACTERISTIC FACTORS FOR
FATAL ACCIDENT PROBABILITY FORMULA

EQUATIONS FOR CROSSING CHARACTERISTIC FACTORS FOR
CASUALTY ACCIDENT PROBABILITY FORMULA

FACTOR VALUES FOR FATAL ACCIDENT PROBABILITY FORMULA

FACTOR VALUES FOR CASUALTY ACCIDENT PROBABILITY FORMULA

EFFECTIVENESS/COST BY SYMBOL MATRIX

SAMPLE CROSSINGS FOR ALGORITHM DEMONSTRATION
EFFECTIVENESS/COST INPUT DATA

STEP 2: CALCULATION OF ACCIDENT REDUCTION/COST RATIOS
STEP 3: RANKING OF ACCIDENT REDUCTION/COST RATIOS

WARNING DEVICE IMPROVEMENT COSTS, 1983

viii

Page
12

14

15

16
18
19
20
21
22
27

28
29
30
38
43
43
45
46

47



Table

4-7

5-1

LIST OF TABLES (Cont.)

"

STANDARD SET OF EFFECTIVENESS VALUES FOR WARNING DEVICE
IMPROVEMENTS

EXTENDED SET OF EFFECTIVENESS VALUES FOR WARNING
DEVICE IMPROVEMENTS

CHARACTERISTICS OF SAMPLE CROSSING

ix/x

Page

50

51

59





