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ABSTRACT

The need for improvement at a rail/highway crossing typically is
based on the Expected Accident Rate (EAR) in coniunction with other

criteria carrying lesser weight. In recent vears new 1s f ssess-
—_— -

tggorted here five such models selggggd from a 1ist established f
1 . N = * . - -y
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In 1983, responsibility for inventorying grade crossings and estab-
lishing preliminary priorities for improvement proiects in Viraginia was _

assigned to the Rail and Public Transportation Division. The division
identifies potential improvement needs based on an Expected Accident Rate
(EAR) and lists the crossinas in terms of this rate. It then uses the

EAR listing and other criteria to identifv a preliminarv 1i

NCHRP Report No. 50 and is a modified version of the New Hampshire

model.(2,3) This model was used previously by the Highway and Traffic
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Figure 3. DOT rail-highway crossmg accident prediction formula.
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a = Kx EI x MT x DT x HP x MS x HT x HL, (2)

where
a = initial accident prediction, accidents per year at the
crossing,
K = constant for initialization of factor values at 1.00,
EI = factor for exposure index based on product of hiahwavy and

train traffic,
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The DOT formula calculates a weighted average of the predicted

accidents at a crossing from the basic formula (a) and accident history

(ﬂ). The two formula weights, To and T

* add to the value 1.0,

multiple regression techniques to crossing characteristics stored in the
August 1976 inventory and 1976 accident data contained in the FRA RAIRS.
Half of the file was used to determine the formula coefficients by
regression and iteration (data set A), and the other half for testing the
formula (data set B). Data sets A and B were disjoint, of equal size,
and comorised 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 non-accident

crossinas. The resultina basic formula can be expressed as a series of
N i
e . —






















the period just prior to that for which data were reported. Five years,

o the period used in the studv covered bv this report. is a rather short _

time for the establishment of true accident ratings, and a rating of 0.2

on the basis of 5 vears' experience miaht become a ratina of 0.8 on 25

-

years' experience. Because of this relatively high variability and the
relative shortness of the experience, it was decided to omit from consid-
eration altogether data for crossings at which no accidents were reported
within the 5 years studied.

A study was made of the data to determi if ere anv

relationships between the numbers of accidents and the various items
concerning the crossings. This study indicated that for traffic, both

highway and train, and type of protection. there was a relationship.

Other items, although they probably influenced the safety or hazard at
individual g¢rossinas. when considered in combination indicated no averaae

trend or one too indefinite for practical use. The results of this
preliminary study indicated, therefore, that traffic and protection were

o the only dependable factors for use in rating Ehg crggggngsAon_an_gyeraqe .

accident basis.

Before the preliminary coefficients were calculated, all data

accidents of the "scratch" tvpe. those resultina from intoxi-
- T — ]

concernin

cation and certain of the "car stalled on crossing" type were eliminated.

, Accidents such as "striking gates" or "runnina off crossina plank" were i

— e
thought to be of minor importance and were excluded. A few other

o accidents of a miscellaneous nature not connected with a train movement o

were also eliminated.

Preliminary coefficients were determined for the various common -











































RECOMMENDATIONS

o As was shown in this study, the DOT accident prediction formula ,

outperformed the other four nationally recognized accident prediction

formulae, including the one (NCHRP #50) currently employed by the Rail
and Public Transportation Division of the Virginia Department of Highways
and _Transportation. _It is. therefore. recommended that the division

formula for Dr1or1t1z1nq the rail/highway crossings in the state. The

=

DOT formula is fully documented in reference 1. Also described in
referen esource allocation model that can be used with the

) accident prediction formula_to provide an automated and systematic means

of making a cost-effective allocation of funds among individual crossings
and available improvement options. A summarv of the resource allocation

model is shown in Appendix D. The FRA will run the DOT models for
states, if requested, upon receiving an updated version cf their
inventory file.

The DOT accident prediction formula takes 14igga;;punt the most
t variables tha e statistically 519n1f1 cant in predi ing
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The OreaonrMethqi:

Ae
M1, = DVTiPe 4 1.4 VoToPel 78

where H.I. = Hazard Index
V1 = Average daylight traffic volume
T1 = Average daylight train volume
Pf = Protection factor
V2 = Average traffic volume during dark hours
T, = Average train volume durina dark hours

A5 = Expected number of accidents in 5 years

North Dakota Rating System:

e —

HoIo = (Netbe) + (PoHDetGetXo) + (VT.) + SDR

where H.I. = Hazard Index
Nf = Number of tracks factor
Lf = Angle of crossing factor
Pf = Protection factor
Df = Alignment of track and highway factor
Gf = Approach gradient factor
Xf = Condition of crossing factor
v = Average 24-hour traffic volume
Tf = Train volume factor
SDR = Sight distance rating












APPENDIX B

_ COMPUTER ANALYSIS
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data file on an NBI (384K) microcomputer. A sequential data file is
characterized by the fact that the individual items are arranged
sequentially, one after another. Such a file consists of several lines

of data, each line beginning with a Tine number. The line numbers are
arranged sequentially in the order of increasing line numbers. The data
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1 ,16 ,905892p, 0, 1, 0 , 1, 0 , 1389, 2, 2, RS ,0.008, 0,10,0.12
1 ,16 ,905893K, 1, 1, 0 , 4, O, 6730, 2, 2, RS ,0.109, 4,25,0.44
1,19 ,905894s, 1, 1, 0, 4, 0 , 52, 2, 0, Rs ,0.005, 4,25,0.06
1 ,16 ,714334G, 2, 3, 6 ,28, 0 ,13642, 2, 2, Rs ,0.092,16,79,0.44
2 , 7 ,714341s, 2, 2, 6 ,26, 0 , 3144, 2, 2, RS ,0.026,16,79,0.33
1 ,16 ,714337C, 2, 2, 6 ,26, 3 , 2422, 2, 0, RS ,0.020,16,79,1.65
1 ,16 ,714335N, 2, 2, 6 ,26, 1 , 9289, 2, 2, Rs ,0.063,16,79,0.93
1 ,17 ,714326P, 0, 1, 8 , 6, 1 ,10144, 2, 2, RS ,0.273, 0,15,0.94
2 .17 ,714322M, 0, 1, 8 , 6, 0 , 3909, 2, 2, RS ,0.095, 0,15,0.34
1 ,19 ,714324B, 0, 1, 8 , 2, 0 , 2030, 2, 2, RS ,0.024, 0,15,0.24
1 ,19 ,714321F, 0, 3, 8 , 6, 0 , 2119, 2, 2, RS ,0.072, 0,15,0.30
1 , 6 ,7143670, 1, 1, 6 , 4, 1 , 2700, 2, 2, RP ,0.003, 4,25,0.49
1 , 2 ,714363s, 1, 1, 6 , 4, 0 ,17225, 4, 2, RP ,0.017, 4,25,0.30
 , 1 ,714370¢c, 1, 1, 6 , 4, 0 , 2530, 2, 2, RP ,0.003, 4,25,0.16
|, 7 ,714611N, 2, 3, 6 ,28, 0 , 2738, 2, 2, Rs ,0.021,16,79,0.32
|, 9 ,714360W, 1, 1, 4 , 4, 1, 1373, 2, 2, Rs ,0.010, 4,25,0.75
|, 9 ,714365F, 1, 1, 4 , 4, 0 , 503, 2, 2, RS ,0.005, 4,25,0.25
| ,16 ,860600A, 2, 2, 6 ,24, 0 , 2110, 2, 2, RS ,0.018,11,70,0.29
-, 7 ,714614J3, 2, 2, 2 ,26, 0 , 2500, 2, 2, RS ,0.020,16,79,0.52
|, 9 ,714359¢c, 1, 1, 4 , 4, 0, 716, 2, 2, RS ,0.005, 4,25,0.27
|, 7 ,714356G, 1, 1, 6 , 4, 0 , 6470, 2, 2, RS ,0.007, 4,25,0.20
|, 7 ,714361D, 1, 1, 4 , 4, O , 4077, 2, 2, RS ,0.024, 4,25,0.38
|, 9 ,714369H, 1, 1, 4 , 4, 0, 72, 2, 2, RS ,0.001, 4,25,0.16
| .17 .860598B. 2. 2. 6 .24. 1 . 4703, 2. 2. RS .0.030.11,70,0.83
A
i

., 9 ,714364Y, 1, 2, 6 , 8, 0 , 1321, 2, 2, Rs ,0.004, 4,25,0.16
., 9 ,482046T, 1, 1, 3 , 8, 1, 1514, 2, 2, Rs ,0.020, 2,20,0.83
, 7 ,471499g, 1, 1, 3 , 8, 0 , 3707, 2, 2, RS ,0.039, 2,20,0.41

, 9 ,482056Y, 1, 1, 3 , 8, 60, 551, 2, 2, Rs ,0.010, 2,20,0.29

., 9 ,482058M, 1, 1, 3 , 8, 0O, 572, 2, 2, Rs ,0.010, 2,20,0.29

., 9 ,482100J53, 1, 1, 0 , 6, 1, 70, 2, 0, RS ,0.008, 2,20,0.33

, 8 ,482074W, 1, 1, 6 , 2, 0 , 652, 2, 2, RS ,0.001, 0,20,0.09

© 2. -1, 0, 6, 0, 1266, 2, 2, RS ,0.048, 2,20,0.27

igure B-1. Sample copy of the computer output used for models evaluation.
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1 DIM FS(ZS)

2 F$(1)="§ ":F$(2)="f# “:F$(3)="\ \":F$(4)=" F":F$(5)=" §":F$(6)=" § ":F3$(7)
="§H":FS(8)=" # "FS(9)="HHHNK"

3 FS(10)a" §":FS(11)=" 4":F$(12)=" \\ ":FS(13)="§ . ###":FS(14)="§#":F$(15)="§4":F

S(16)="§.#H":FS(17)="F . #H":FS(18)="HHNAHHH.HH"

4 FS(19)="H#.HH": FS(20)="H#. 44"

S DIM F(25),SUM(4),CSQ(4)

7 LOT=LOG (10)

10 FOR I=1 TO 4 : SUM(I)=0! : NEXT I

20 N=1536

30 OPEN "i", #1, "COST"

40 OPEN "o", #2, "DOT"

SO FOR I = 1 TO N

60 INPUT #1, F(1),F(2),F3§,F(4),F(5),F(6),F(7),F(8),F(9),F(10),F(11),F128,F(13).
F(14),F(15),F(16),F(17),F(18),F(19)

65 IF F(6) <> 0 THEN GOTO 80

67 ON F(2) GOTO 68,69,80,80,80,70,71,72,73,80,68,69,80,70,80,71,72,80,73
68 HT=1:GOTO 74

€9 HT=2:GOTO T4

70 HT=2:GOTO 74

71 HT=4:GOTO 74

72 HT=5:GOTO 74

73 HT=6
74 IF F(11)=0 THEN HP = 2 ELSE IF F(11)s1 OR F(11)=2 'THEN HP = 1

75 X=.3832 * LOG(F(9)*F(7)+.2)/LOT + .1538 * LOG(F(14)+.2)/LOT - .308 * HP + .00

28585 * F(15) - .04991 * HT + .1047 * F(4)
76 LITA =« 9.840001E-03 * EXP (2 * X):GOTO 100

80 IF F(6) ¢> 6 THEN 90 |

81 x- 3588 * LOG (F(9) * F(7) + .2) / LOT + .1456 * F(4) + .0518 * F(10)

82 LITA = .00162 * EXP (2 * X): GOTO 100

90 X=.34 * LOG(F(9) * F(7) + .2)/LOT + .05415 * LOG (F(14) + .2) / LOT
+ .05442 * F(4) + .069 * F(10)

91 LITA = ,00551 * EXP (2 * X): GOTO 100 .

100 F(20) = § * (-LITR + F(8) * (.05 « LITA) ) / ( 1.25 + 5 * LITA)

103 IF F(16) <> 0 THEN CSQ (1) = (F(16) - F(8))°2 / F(16): SUM(1) = SUM (1) + CS

Q(1)
104 IF F(17) <> 0 THEN CSQ (2) = (F(17) - F(8))°2 / F(17): SUM(2) = SUM (2) + Cs
Q(2) )
105 IF F(19) <> 0 THEN CSO (3) = (F({19) - _F(8))*2 / F(19): SUM(3) = §QM_LJ! + CS
| T
Q(3) .
106 IF F(20) <> 0 THEN CSQ (4) = (F(20) - F(8))"2 / F(20): SUM(4) = SUM (4) + Cs
Q{4)

ng_EOR_l_l_IO 20

134 IF J=12 THEN PRINTH#2, USING F$(12):F128;:GOTO 138

135 PRINT#2, USING F$(J)1:F(J):
l e ——————————————
138 IF J < 20 THEN PRINT#2, ",";
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APPENDIX C
THE POWER FACTORS FOR DIFFERENT PERCENTILES OF HAZARD _

——
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1 5 5 3.10 3.10

2 6 11 6.83 3.42

3 3 14 8.69 2.90

DoT 6 11 25 15.52 2.58
10 11 36 22.36 2.24

20 30 66 40.99 2.05

40 42 108 67.08 1.68

1 4 4 2.48 2.48

2 6 10 6.21 3.10

3 3 13 8.07 2.69

NCHRP #50 6 14 27 16.77 2.79
10 11 38 23.60 2.36

20 27 65 40.37 2.01

40 33 98 60.86 1.52

1 5 5 3.10 3.10

2 5 10 6.21 3.10

3 0 10 6.21 2.07

New Hampshire 6 9 19 11.80 1.96
10 20 39 24,22 2.42

20 25 64 39.75 1.98

40 33 97 60.25 1.51
























incremental ratio A.(E~.-E.)/(C2-C1). where A. is the number of accidents .
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predicted per year for the crossing. These two ratios correspond to the

o two actions available for sinale-track passive crosggggés %%%Q%E ;9 i

;'=_————
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for installation of gates is calculated (A1E2/C2), to conform with
federal reaqulations. For each crossing equioped with flashina liahts.













