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The purposes of this research investigation were to analyze the effects of 
environment, geometric characteristics, and highway and railroad traffic 
patterns with respect to grade crossing accidents in rural areas, and to 
develop warrants for protective devices at rural grade crossings. Previous 
research efforts have been concerned with long period accident experience 
or with before-and-after studies of various protective devices. In this re
search, 289 grade crossings that had experienced one or more accidents 
were compared to 241 randomly selected non-accident grade crossings. 

Regression analysis was used to develop a model for predicting relative 
hazard, the occurrence or absence of an accident, for the sample locations. 
Relative hazard was expressed as a .function of average daily highway 
traffic, average daily train traffic, roadside distractions, pavement width, 
and number of tracks. Modification of the model permitted the development 
of warrants for selecting the recommended type of protective device for 
crossings in rural areas. These warrants are predicted on protection 
levels that are currently employed at rural rail-highway grade crossings 
in Indiana. 

•THE ACCIDENTS between motor vehicles and trains, though infrequent, are the 
most severe in terms of fatalities, personal injuries and property damage per acci
dent of all types experienced on highways in the United States. Because of the large 
number of crossings and the large expenditures involved, it is not economically feasi
ble to eliminate all crossings or even to provide all crossings with the most effective 
types of protection. The most logical procedure is to develop rational warrants for 
grade crossing protective devices. The level of protection would then be based on an 
objective evaluation of the potential hazard at any given location. 

This study constitutes a quantitative analysis of rural rail-highway grade crossing 
accidents with respect to the relative importance of environment, crossing geometry, 
highway and rail traffic patterns, and existing protective devices. Proper use of the 
mathematical model that was developed permits an estimation of hazard at rail-highway 
grade crossings in rural areas. In addition, the model may be utilized to determine 
recommended levels of protection and to establish priorities for improving grade 
crossing protection. 

PROCEDURE 

Because previous research investigations had achieved only a limited degree of 
success in predicting grade crossing accident rates, locations that experienced an 
accident during a two-year period were compared to non-accident locations in an at
tempt to develop realistic correlations between hazard and various grade crossing 
characteristics. The 289 accident locations, which included most of the rural crossings 
in Indiana with at least one accident in 1962 and 1963, were established by using the 
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traffic accident reports of the Indiana State Police. The 241 non-accident locations 
were randomly selected in the following manner: 

1. The railroad lines were outlined on a map of Indiana; 
2. Railroad mileage for each county was measured on the map; 
3. By simple proportion based on railroad mileage, each county was allocated a 

number of the total non-accident locations to be investigated; and 
4. The allocated number of railroad crossings in each county was selected from 

county maps. 

15 

To ascertain that each non-accident crossing represented an accident-free location, 
the nearest available residents to the crossing were asked about accidents at the pro
posed study location. If an accident had occurred at the location, the crossing was 
eliminated from the analysis. The railroad companies also checked their records for 
accidents at these non-accident locations. 

Data Collection 

All possible variables that could be realistically evaluated were investigated for 
this accident study. Many variables were evaluated subjectively by use of dichotomous 
values (0 or 1) that represent the absence or the presence of a situation. The infor
mation for the following 56 selected variables came primarily from police accident 
reports, field investigations, and railroad correspondence. 

Accident Data (Accident Locations Only)-

1. Vehicle type (0 if car, 1 if truck). 
2. Age of vehicle-years. 
3. Out-of-county vehicles (0 if in-county, 1 if out-of-county). 
4. Out-of-state vehicle (0 if in-state, 1 if out-of-state). 
5. Number of occupants in vehicle-driver plus passengers. This variable 

was included because of the possible distraction caused by passengers. 
6. Actual vehicle speed-miles per hour. The speed of the vehicle was not 

always listed on the accident report. The speed was then approximated by driving 
the approach to the crossing at the speed that the investigator considered a maximum 
safe speed for the highway and then subtracting 10 mph. 

7. Actual train speed-miles per hour. 
8. Vehicle defects (0 if no defects, 1 if defects were indicated). This variable 

indicated whether or not mechanical defects were a contributing factor to the accident. 
9-11. Surface type-portland cement concrete, asphalt, or gravel, respectively 

(0 if absent, 1 if present for each type). These three variables were also applicable 
to the non-accident locations, and the datafor them were obtained from field observations. 

12. Dry pavement (0 if dry, 1 if wet or covered with ice or snow). 
13. Ice or snow (0 if dry, 1 if covered with ice or snow). 
14. Clear weather (0 if clear, 1 if cloudy). 
15. Darkness (0 if daytime, 1 if nighttime). This variable was defined as dark

ness if the accident occurred between 6:00 p. m. and 6:00 a. m. 
16. Window position (0 if window down, 1 if window up). The investigating 

officers often reported that the windows were up (and/ or radio playing), and the driver 
possibly could not hear either the warning bell or train whistle. If the accident report 
did not indicate this information, the time of day, time of year, and reported weather 
conditions were used as guides. 

17. Drinking driver (0 if not drinking, 1 if drinking). 
18. Male or female driver (0 if female, 1 if male). 
19. Driver age-years. 
20. Personal injury (0 if no personal injury, 1 if personal injury). A fatality 

was considered a personal injury for this variable. 
21. Fatality (0 if no fatality, 1 if fatality). 

22-28. Day of the week-Sunday through Saturday, respectively (0 if not on a cer
tain day, 1 if on the day). 
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Field Data (All Locations)-The following field data were recorded for the approach 
quadrant where an accident occurred at accident locations and for one randomly select
ed quadrant at non-accident locations. Variables 29 to 35 were coded as 0 if not exist
ing, 1 if existing. 

29. Painted crossbuck. 
30. Reflectorized crossbuck. 
31. Flasher. 
32. Gate. 
33. No protection. 
34. Stop sign. 
35. White edge line. 
36. Highway gradient-percent. 
37. Railroad gradient-percent. 
38. Highway curvature-degrees. 
39. Railway curvature-degrees. 
40. Number of tracks. 
41. Pavement width-feet. 
42. Advance warning sign (0 if not existing, 1 if existing). 
43. Pavement crossing markings (0 if not existing, 1 if existing). 
44. Number of businesses. This variable represents the number of business 

establishments located a distance of one-half mile along the approach to the railroad 
crossing on both sides of the roadway. 

45. Number of advertising signs-measured similarly to variable No. 44. 
46. Presence of minor obstructions (0 if not obstructed, 1 if partially obstruc

ted). This variable considered such things as brush or trees which would partially 
obstruct the view of an approaching train. 

47. Number of houses-measured similarly to variable No. 44. 
48. Line of sight. This variable represents the angle at which a motorist could 

first view an approaching train when the vehicle is at a distance from the crossing 
equal to the stopping sight distance as determined either by the speed limit or maximum 
safe speed of the highway. The sine of the angle included between the highway and the 
first view of an approaching train was recorded to three decimal places. 

49. Angle of intersection-degrees. 

Railroad Data (All Locations)-

50. Average number of passenger trains per day. 
51. Average number of freight trains per day. 
52. Average freight train speed-miles per hour. 
53. Average passenger train speed-miles per hour. 
54. Average number of trains per day-TPD. 

Vehicular Traffic Data (All Locations)-

55. Average daily traffic-ADT. 
56. Average vehicle speed-miles per hour. Determined as described in dis

cussion of variable No. 6. 

Statistical Analyses 

Summary statistics were developed for all study variables. Regression analysis 
was then performed on the 28 variables common to both accident and non-accident 
locations. Three other common variables-railway gradient, stop sign, and no pro
tection-were not included due to insufficient data. The dependent variable was acci
dent occurrence, a dichotomous variable representing occurrence or non-occurrence 
of an accident (0 if a non-accident location, 1 if an accident location). Relative hazard 
was defined as the functional relationship between the dependent variable and the in
dependent variables. 
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The regression analysis that was utilized is often referred to as "buildup" or "step
wise" regression. The independent variables are selected in order of their ability to 
predict the dependent variable. However, the program allows the ordering of the vari
ables and thus permits the development of a practical model. During the analysis, 
train and highway traffic volumes were ordered to permit their inclusion in the multiple 
regression expressions. 

The regression model was then used to develop warrants for selecting the type of 
protection device recommended at rural grade crossings, as based on current levels 
of protection in Indiana. 

RESULTS 

Summary Statistics 

Descriptive statistics of grade crossings located throughout the State of Indiana 
were developed from the results of both this investigation and a similar study of urban 
grade crossings in Indiana (5, 11). Several predominant patterns were observed when 
urban and rural grade crossingaccidents were analyzed with respect to the statistics 
given in Table 1. Male drivers were involved in most of the grade crossing accidents, 
while the percentage of female drivers who had accidents was greater in urban areas 
than in rural areas. Most grade crossing accidents occurred within the city or county 
in which a motorist resided. Each of these facts can be attributed to driver exposure; 
that is, most drivers in both urban and rural areas are male, and the percentage of 
female motorists is greater in urban areas than in rural locations. In addition, most 
vehicle trips are made within close proximity to the driver's place of residence. 

Drinking drivers were more frequently involved in motor-vehicle-train accidents 
in urban areas than in rural areas. This finding may be explained by the greater num
ber of taverns and bars in urban areas. 

In approximately 65 percent of the urban accidents, drivers apparently were un
aware of the presence of a train or willfully disregarded an automatic warning device. 
The high severity of all grade crossing accidents was shown by the fact that a fatality 

TABLE 1 

CHARACTERISTICS OF SAMPLED RAIL-HIGHWAY GRADE CROSSING ACCIDENTS 

Variable 
Urban Rural Urban Rural 

Locationsa Locations Variable Locationsa Locations 

Driver: Driver: (continued) 
Average driver age, yr 37 36 Accidents that resulted In 
Drivers who were male, 'f, 78 86 at least one fatality, 'f, 10 14 
Drivers who resided in the Average property damage 

city in which the accident loss,$ 871 
occurred, 'f, 65 

Vehicle: Drivers who resided in the 
Trucks, 'f, 12 27 county in which the acci-

dent occurred, 'f, 85 72 
Average vehicle age, yr 5. 1 5.2 

Drivers who resided in the Accidents in which the 

state of Indiana, 'f, 96 94 
vehicle skidded or was 
out of control, 'f, 21 Accident reports that in-

Vehicle that evidenced dicated the driver had 
been drinking, 'f, 11 6 

contributing mechanical 

Accidents in which the defect, 'I> 17 

driver apparently was Environmental: 
unaware of the train or Accidents that occurred 
an automatic warning during clear weather, 'f, 76 74 
signal, 'f, 38 Accidents that occurred 

Accidents in which the during the hours of 
driver apparently dis- darkness, 'f, 45 36 
regarded an automatic Pavement surface condition: 
warning signal or a Dry,'f, 60 57 
flagman, 'f, 27 Wet,'f, 20 16 

Accidents that resulted in Covered with ice or 
at least one personal snow, 'f, 20 27 
injury, 'f, 39 48 

0 This sample consisted of 295 accidents that occurred during 1963 and 1964 in urban portiom;; of Indiana. 
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or personal injury occurred in 62 percent of the rural accidents and 49 percent of the 
urban accidents. This difference in severity was probably due to higher train and ve
hicle speeds in the rural areas. 

The percentage of trucks involved in grade crossing accidents was more than twice 
as high in rural areas than in urban centers. This result can be attributed to the higher 
percentage of trucks traveling on rural highways. Contributing mechanical defects in 
a motor vehicle were more frequent in rural accidents, although the average vehicle 
age was almost identical for each group. 

The importance of environmental conditions was quite apparent from the descriptive 
statistics. Although about 25 percent of the accidents occurred during some form of 
precipitation, about 40 percent took place on pavements that were wet or covered with 
ice or snow. Also, there was a high frequency of grade crossing accidents during the 
period from dusk till dawn when vehicle and train volumes are usually low. These 
facts indicate the influence of poor visibility on the occurrence of accidents at rail
highway grade crossings. 

The data in Table 2 represent a summary of the physical features and characteristics 
of the accident and non-accident grade crossings investigated in both the rural and the 
urban studies. The frequency of an occurrence is represented by a percentage, and 
all other measures represent mean values. 

Regression Analysis 

Regression analyses were performed on the 28 variables measured at both accident 
and non-accident locations. The dependent variable for each equation was accident 
occurrence; that is, whether or not an accident had occurred at the study location. 

An equation was developed to account for the various protective devices, train and 
highway volumes, and those additional variables that significantly influenced accident 
occurrence. This analysis produced the following prediction equation: 

IH = + 0.149 - 0.376X29 - 0.300Xao - 0.383Xs1 - 0.331Xs2 + 0.082X4o 

+ 0.0223X41 + 0.0llXiH + 0.0142Xss + 0.024Xs7 

where 

IH 
X29 
Xao 
Xs1 
Xa2 = 
Mo= 
M1 
Xs4 
Xss 
Xs7 

index of hazard (accident occurrence), 
presence of a painted crossbuck (0 if absent, 1 if present), 
presence of a reflectorized crossbuck (0 if absent, 1 if present), 
presence of a flasher (0 if absent, 1 if present), 
presence of a gate (0 if absent, 1 if present), 
number of tracks, 
pavement width in feet, 
trains per day-TPD, 
average daily traffic per 1000-ADT/1000, and 
sum of distractions. 

(1) 

In addition to the protection variables, Eq. 1 also includes variables that are measures 
of train and highway volumes. The type of rail and highway operations are represented 
by the variables designated as number of tracks and pavement width. The number of 
roadside distractions (houses, businesses and advertising signs) also proved statisti
cally significant in the r egression analysis. The multiple coefficient of determination, 
R 2

, for Eq. 1 was 19.3 percent. 
The regression coefficients of the four protective devices were remarkably similar. 

To ascertain the statistical significance of the coefficients for the protection variables, 
a second multiple regression equation was developed that excluded the four types of 
crossing protection and included the remaining variables. The coefficient of deter
mination for Eq. 2 was 18.3 percent. 

IH = -0.185 + 0.079Mo + 0.021X41 + 0.011Xs4 + 0.013Xss + 0.024Xs7 (2) 



TABLE 2 

COMPARISON OF SAMPLED RAIL-HIGHWAY GRADE CROSSING CHARACTERISTICS 

Urban Locationsa Rural Locations Urban Locationsa Rural Locations 

Variable Non- Non- Variable Non- Non-Accident Accident Accident Accident Accident 
Accident 

Accident 
Accident 

Protective device: Roadside characteristic: (cont'd) 
8. 5b Painted crossbuck, % 20 19 53 69 Number of access points 8. 5b 

Reflectorized crossbuck, 'f, 11 11 23 20 Number of intersections 2. 2b 2. 5b 
Flasher, fo 48 44 18 9 Number of loading zones o.8b o. 5b 
Gate, 'f, 8 15 4 1 Railroad crossing characteristic: 

Roadway characteristic: Number of tracks 2.4 2. 0 1. 4 1. 2 
Speed limit, mph 27 26 - - Number of mainline tracks 1. 4 1. 3 
Railroad advance warning Rough crossing, 'f, 58 67 

sign, 'f, 21 21 69 72 Railroad yards, f, 16 4 
Railroad pavement mark- Passenger station, fo 4 4 

ing, 'f, 5 6 10 4 Illuminated crossing, fo 3 2 
Number of lanes 2.3 2.1 - - Tracks located parallel to 
Painted centerline, fo 47 24 - - center line and within the 
Curb and gutter, 'f, 58 47 - - pavement of a roadway, 'f, 5 5 
Curb parking, f, 56 67 - - Grade,% - 1. 0 1. 0 
Traffic signal within 200 ft Angle of intersection, deg 93 89 94 90 

of crossing, % 7 1 - - Line of sight - 0. 58 0. 58 
Illuminated roadway, % 19 7 - - Traffic characteristic: 
Pavement width, ft 32 27 20 17 Average daily traffic 4, 861 2, 299 1, 185 342 
Pavement type: Average passenger train speed, 

Portland cement con-
crete, 'f, 14 9 7 1 

mph 18 16 44 41 

Asphalt,"' 83 86 75 43 
Average freight train speed, 

mph 23 25 40 39 
Brick,% 1 3 - -
Gravel,% 2 2 18 56 

Average switching movement 
speed, mph 6 Local classification, f, 31 60 - -

Collector classification, 'f, 43 28 - - Average passenger trains per 
day 3.4 2.6 2.9 1. B 

Arterial classification, 'f, 26 12 - - Average freight trains per 
Roadside characteristic: day 11. 0 8.0 9.8 7.0 

Residential locality, 'f, 30 57 - - Average switching movements 
Commercial locality, 'f, 36 28 - - per day 10.0 2. 9 
Industrial locality, 'f, 34 15 - - Average train speed, mph 21 24 41 39 
Minor obstruction, 'f, 49 41 70 77 Average trains per day 24.3 13. 4 12. 7 B. B 
Adjacent high-volume inter- Average speed of fastest 

section,% 10 3 - - trains, mph 27 28 
Number of businesses 5.ob 3_ 1b 1. 6 0.8 Percentage of non-scheduled 
Number of advertising signs 4. 3b 2. 5b 0.6 0.1 trains per day, 'f, 35 26 
Number of dwellings 5. 5b 7. 9b 3.1 1. 9 Exposure rate 132.7 28 . 0 

0 This sample consists of 576 grade crossings in urbcn portions of Indiana, 281 of which did not experience on accident d•Jring the 5-yr period from 1961 to 1965. 
bMeosured on both sides of the roadway along a section extending 500 ft from the crossing to 200 ft beyond the crossing, for one approach direction. 

...... 
co 
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where 

IH index of hazard, 
X40 number of tracks, 
M1 pavement width in feet, 
Xs4 trains per day-TPD, 
Xs5 = average daily traffic per 1000-ADT/1000, and 
Xs1 sum of distractions. 

An F-test was used to test the hypothesis that the inclusion of the four protective 
devices in Eq. 1 did not significantly improve the prediction equation. The calculated 
F-value was 1.61 as compared to a critical value of 2.39 for the 95 percent level of 
confidence. Because the calculated value is less than the critical value, the hypothesis 
that the protection coefficients are equal to zero was not rejected. This analysis did 
not show that protective devices had a significant influence on the prediction of the 
occurrence of an accident at the sample grade crossings. Although the protective de
vice variables can be eliminated from the prediction equation, the result of this sig
nificance test does not warrant the conclusion that protective devices have no influence 
on reducing hazard. This lack of significance probably resulted from a combination of 
several factors that were inherent in the study procedure. In reviewing the procedure, 
it was decided that although the accident locations provided a broad representation of 
all types of rural grade crossings, the non-accident locations were not as well distrib
uted. Specifically, each type of protective device tended to be clustered within a 
group of grade crossings having similar physical and traffic characteristics. There
fore, the protective-device variables probably did not function as statistically inde
pendent variables. 

Regarding the predictive ability of the models, it should be noted that the dependent 
variable, occurrence or non-occurrence of an accident at a study location, is a dichot
omous rather than a continuous variable. Therefore, the index of hazard should not be 
interpreted as an accident rate, and the relatively low multiple coefficient of deter
mination for the hazard prediction models might readily be expected. 

Warrants for Protection Devices 

Because the inclusion of the protection variables in the hazard model did not mate
rially improve the estimation of hazard and because the types of protective devices 
were almost equally weighted, the nomograph shown as Figure 1 was developed from 
Eq. 2. In an attempt to correlate the index of hazard with the present standards of in
stalling protective devices at rural grade crossings, the mean indices of hazard were 
calculated for the study crossings protected with reflectorized crossbucks, flashers, 
and gates. These mean values were, respectively, 0.523, 0. 774, and 0.828. A sug
gested warrant for the selection of rural grade crossing protection was established by 
computing the average value between the mean index of hazard for the various protec
tive devices. Thus, flashers would be recommended if the index of hazard is greater 
than 0.65, and gates would be recommended for indices greater than 0.80. The values 
suggested for these warrants are based on current levels of protection in Indiana. 
Painted crossbucks were not included in the nomograph because all crossbucks are 
required to be reflectorized by state law. Although many painted crossbucks are 
presently in service in Indiana, these devices are to be replaced with reflectorized 
crossbucks. 

When the nomograph is used to evaluate a grade crossing, each approach direction 
to the crossing must be considered. The approach requiring the highest type of pro
tective device, as indicated by the suggested warrants, establishes the protection re
commended for that rail-highway grade crossing. 

To check the adequacy of Eq. 2 and the appropriateness of the suggested warrants, 
the average calculated indices of hazard for the crossings studied were compared to 
the actual hazard as defined by the number of accident locations, A, per number of 
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locations investigated, N, for each type of protection. The comparison is given 
below: 

Type of Protection 
Calculated 

A/N 
Actual 

Difference 
Percent 

Average IH IH Variation 

Painted crossbuck 0.502 155/320 0.484 0.018 3 
Refl ectori zed 

crossbuck 0.523 66/115 0.574 0.051 9 
Flasher 0.774 51/73 0.699 0.075 ll 
Gate 0.828 12/14 0.857 0.029 3 

The percentage of variation represents the difference between the calculated and the 
actual indices of hazard divided by the actual index of hazard. The average variation 
for all crossings investigated amounted to approximately 5. 5 percent. The low varia
tions indicated that those crossings with the greater hazard also had, on the average, 
the higher types of protective devices. Therefore, the suggested warrants may be 
used to determine whether or not a given location is underprotected in accordance with 
the current average levels of protection in Indiana. 

Priorities for rural grade crossing protection improvements may be established 
by ordering underprotected crossings according to their calculated indices of hazard. 
Priorities may be determined for all deficient grade crossings as a group or for grade 
crossings that are categorized according to their recommended type of protective 
device. 

CONCLUSIONS 

The following conclusions concerning hazard at rural rail-highway grade crossings 
summarize the findings of this research investigation. 

1. The accident victims are predominantly young male drivers residing in the 
county in which the accident occurred. These drivers are usually not under the in
fluence of alcohol. More than one-half of them are injured, and about one out of seven 
is killed. 

2. Trucks account for more than one-quarter of the accident vehicles. Seventeen 
percent of all vehicles involved in accidents have evidence of mechanical defects. The 
majority of accidents occur at moderate train speeds. 

3. Most accidents occur during the favorable driving conditions of clear weather, 
daylight hours, and dry pavements. However, the number of accidents per unit time 
and per unit exposure is probably greater for ice and snow conditions and for wet pave
ments than for dry pavement conditions. 

4. The hazard model developed by multiple linear regression (Eq. 2) identifies 
number of tracks, highway pavement width, train volume, average daily traffic volume, 
and the sum of distractions (number of houses, businesses, and advertising signs) as 
important variables for the prediction of relative hazard. Type of protection was not 
a statistically significant variable. 

5. Warrants for the installation of protective devices at rural rail-highway grade 
crossings, based on the current standard of protection for Indiana, are indices of 
hazard of below 0. 65 for reflectorized cross bucks, 0. 65 to 0. 80 for flashers, and above 
0. 80 for gates. The indices of hazard may also be used as priority ratings for schedul
ing the improvement of protection at rail-highway grade crossings in rural areas. 
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