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vices that require active devices to be installed in 
conjunction with CWT systems. 

6. The character is tics of the independent var i
ables used in the discriminant function reveal that 
there are significant operational differences between 
the group of crossings with CWT and that without CWT 
devices. This indicates that although specific in
stallation er i ter ia in use by the railroads could 
not be identified, operational abnormalities do exist 
that prompt the use of CWT systems. 
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ABSTRACT 

The purpose of this study was to determine the safety, economic, operational, 
and environmental consequences of requiring hazardous materials transporters, 
school buses, and passenger buses to stop at railroad crossings with active 
warning devices when the devices are not activated. The study included an 
assessment of the positive and negative impacts on accidents involving trains 
and those in which trains are not involved, traffic operations, fuel consump
tion, delay, pullout-lane construction and maintenance costs, and environmental 
degradation. Results indicate that . not mandating stops at railroad crossings 
with active devices when the devices are not activated would reduce both train 
and nontrain accidents annually for all three classes of vehiclesi the net an
nual decrease in train-involved accidents would be 2.6, 10.8, and 17.4 percent 
for hazardous materials transporters / school buses, and passenger buses, re
spectively. The annual economic savings resulting from not requiring stops were 
estimated as $328,000 in accident costs; $1,241,000 in pullout-lane construction 
and maintenance costsi $12,267,000 in excess fuel consumption; and $1,510,000 
in delay. 

The actions of drivers of hazardous materials 
haulers, school buses, and passenger buses at rail
road-highway grade crossings are governed by regula
tions of the Bureau of Motor Carrier Safety (BMCS) 
through the Federal Motor Carrier Safety Regulations 
(FMCSR) and by individual state and local regula-
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tions. The state and local regulations are adapted, 
either entirely or partially, from the FMCSR or from 
recommendations of the National Committee on Uniform 
Traffic Laws and Ordinances (NCUTLO) contained in 
the Uniform Vehicle Code (UVC). 

Principal differences exist between the FMCSR and 
the recommendations of the UVC regarding mandatory 
stops at railroad-highway grade crossings. These 
differences include no exemptions in the UVC for 
mandatory stops at streetcar crossings, tracks used 
exclusively for industrial switching purposes, and 
abandoned tracks. In addition, stops are not required 
in the uvc at crossings with train-activated gates 
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or flashing lights or both when these devices are 
not activated <!>· This is the major difference be
tween the UVC and the FMCSR. Because individual 
states have the option to adopt all or portions of 
the UVC or the FMCSR, there are wide variations in 
state rules regarding stops at crossings. 

The variations among the UVC recommendations, the 
FMCSR, and state laws have led to questions of which 
version has the greatest potential for reducing ac
cidents. The primary issue of concern is whether 
trucks transporting hazardous materials, school 
buses, and passenger b .uses should be required to 
stop at crossings with active warning devices. The 
National Transportation Safety Board (NTSB), on the 
basis of results of a special study, recommended 
that the FMCSR be amended to be consistent with the 
UVC <.3..l· This recommendation, plus similar recommen
dations of several states, prompted an Advance Notice 
of Proposed Rulemaking (ANPRM) (~) by FHWA that re
quested comments and information to determine whether 
the FMCSR should be modified to exclude crossings 
protected by active devices from the mandatory-stop 
requirement. The ANPRM requested additional data or 
information on crossing accidents in which trains 
were not involved and that were attributable to 
mandatory stopping by certain vehicles, cost savings 
to be derived from the FMCSR change, and the en
vironmental effects of the proposed rule change. 

STUDY OBJECTIVES AND SCOPE 

The purpose of this study was to provide much of the 
information requested in ANPRM 82-10. The study was 
designed to determine the difference between the 
potential consequences of requiring and not requiring 
certain vehicles to stop at crossings with active 
warning devices. To assess the positive and negative 
aspects of the proposed FMCSR changes, the probable 
increases and decreases in train-involved and non
train-involved accidents, fuel consumption, cost of 
delay, and environmental degradation had to be 
determined. 

The research approach provides an unbiased view 
of the consequences of the proposed changes to the 
FMCSR mandatory-stop requirement. This approach in
volved an investigation of 

• Nationwide train-involved accident data for 
accidents occurring from 1975 through 1983; 

• Non-train-involved accidents from Washington, 
California, Illinois, and North Carolina that were 
attributable to regulated vehicles stopping at 
crossings with active devices when the devices were 
not activated; 

• The historic rate of nonoperation of crossing 
signals; 

• The minimum amount of advance warning re
quired for different combinations of roadway vehicles 
to clear the crossing zone after coming to a com
plete stop; 

• The conflicts of following vehicles caused as 
a result of mandatory stops; 

• The violation rate of the regulated vehicles; 
and 

• The fuel consumption, noxious emissions, and 
delay caused by regulated vehicles that stop at all 
crossings with active warning devices. 

ANALYSIS OF ACCIDENT DATA 

Accidents were analyzed by accident type and roadway 
vehicle speed to estimate the impacts of proposed 
changes to the mandatory-stop rule. If vehicles were 
not required to stop at crossings with active warn
ing devices, then it could be expected that both 

Transportation Research Record 1069 

train-involved and non-train-involved accidents at 
such crossings would be affected by this change. The 
direction and magnitude of this change were esti
mated by comparing the accidents occurring between 
trains and regulated vehicles (hazardous materials 
transporters, school buses, and passenger buses) 
with accidents occurring between trains and the 
general truck population (excluding hazardous mate
rials transporters) • This comparison was chosen be
cause the driver and vehicle-operating characteris
tics of the general truck population closely resemble 
those of the regulated vehicles being analyzed in 
the study. Use of the accident characteristics of 
the total vehicle population, which includes automo
biles, would not provide this similarity. 

The analysis of accident data was performed in 
two distinct phases, train-involved and non-train
involved accidents. The identification of train-in
volved accidents was performed by using the FRA ac
cident data base, whereas the non-train-involved 
accidents were identified through state accident 
record systems. Eaoh phase (train-involved and non
train-involved accidents) was further divided into 
separate analysis steps for hazardous materials 
transporters, school buses, and passenger buses. 
Separate analyses were performed on the different 
vehicle types because each type had different length 
and acceleration characteristics and, in some cases, 
driver-proficiency and training requirements. In 
addition, separate analyses were required because of 
the different accident costs associated with each 
vehicle type. 

Train-Involved Accidents 

Analysis 

The overall analysis of train-involved accidents was 
an extension of a special study performed by NTSB 
(.3_) in which accidents occurring between trains and 
hazardous materials haulers from 1975 through 1979 
were used, The data collected for the NTSB study 
were expanded to include accidents through 1983 and 
accidents involving both school and passenger buses. 
A flowchart of this analysis methodology is shown in 
Figure 1. 

Train-involved accidents were first identified 
through the FRA accident/incident reports. This in
formation was then checked with other reports avail
able from federal, state, and local agencies to 
verify vehicle type and accident characteristics. 
For example, some accidents involved vehicles that 
were coded as hazardous materials transporters but 
were actually pickup trucks carrying campers with 
propane tanks. A summary of the results of the veri
fication process is shown in Figure 2. 

The National Railroad-Highway Crossing Inventory 
of the U.S. Department of Transportation (DOT) and 
the Association of American Railroads (AAR) was used 
to ascertain (a) whether the crossing at which the 
accident occurred was public or private and (bl the 
type of warning device present at the time of the 
accident. Those accidents occurring at private 
crossings were eliminated from further analysis be
cause the mandatory-stop regulation is not applicable 
to them. Although the regulation can be interpreted 
to provide recommended practices at private cross
ings, in the majority of states it is not enforce
able at private crossings. 

The type of warning device present was determined 
because (a) the UVC requires different driver actions 
on the basis of whether the crossing has active or 
passive devices and (b) any envisioned changes to 
the regulation would be to differentiate between 
appropriate driver action for active or passive 
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FIGURE 1 Flowchart of the train-involved accident identification procedure. 
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FIGURE 2 Verification of the train-involved accident data collection 
activities (1975-1983). 
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warning devices. Any electronic or mechanical signal 
device indicating the immediate approach of a train 
was considered an active device with the exception 
of highway traffic signals. Highway traffic signals 
were separated from the active category because the 
FMCSR and UVC currently exempt crossings equipped 
with highway traffic signals from the mandatory-stop 
regulation. A breakdown of the accident stratifica
tion is summarized in Figure 3. 

the general truck population and the verified regu
lated vehicles revealed that (a) regulated vehicles 
have a significantly higher proportion of accidents 
in which the train strikes the vehicle and (b) the 
general truck population has a significantly higher 
proportion of accidents in which the vehicle strikes 
the train. These differe~ces are summarized in Table 
l. 

If the mandatory-stop regulation is changed to 
exclude stops at crossings with active warning de
vices when the devices are not activated, this would 
place the responsibility of recognizing the presence 
of a train on the detection system. If the regula
tion is changed and the active warning system fails 
for any reason, train-involved accidents will in-

Results 

Comparative analysis of train-involved accidents (at 
public crossings with active warning devices) between 
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FIGURE 3 Breakdown of verified-accident stratification based 
on crossing warning device type. 

crease. Therefore, the estimates were adjusted by 
the anticipated increase in accidents due to signal 
malfunction. The magnitude of this increase will 
depend on the frequency with which the signal system 
malfunctions in the actual presence of a train. 

The magnitude of the expected increase was esti
mated by expanding prior analyses performed sepa
rately by Crawford and Johnston (4,5). This process 
resulted in an estimated increase due to signal mal
function of O. 70 percent per year. Applying this 
increase to the previously estimated change in 
train-involved accidents (Table li results in the 
following net percent change: 

Hazardous 
Materials School Passenger 

ca tesor :i: Tr ansEor ter !3E.L_ Bus 
Estimated change in 

accident totals 
from Table 1 -3.3 -11.5 -18 .1 

Estimated increase 
due to signal 
malfunction 0.70 0.70 0.70 

Net change in 
accidents -2.6 -10.8 -17.4 

A stringent verification pr·oce ss was used to as
certain whether vehicles involved ln train accidents 
were hazardous materials transporters, school buses, 
or passenger buses. After this process, only 161 
hazardous materials transporter, 84 school bus, and 
119 passenger bus accidents were sufficiently ver i
fied and remained in the analysis. This verified 
subset was tested to determine whether it represented 
a random sample of the entire possible population of 
mandatory-stop accidents. The chi-square test of 
independence indicated, with a 99 percent level of 
confidence, that the accident characteristics of the 
verified accident sample were a good representation 

TABLE 1 Analysis of Train-Involved Accidents 

Verified Cases 
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of the total possible population, The sample there
fore provided a reliable description of the total 
population of regulated-vehicle accidents. It can 
also be assumed that determinations of prevalent 
accident character is tics and of the proportions of 
total accidents in which the vehicle is struck by or 
strikes the train made by using the sample represent 
those of the total population. However, estimates of 
accident magnitude based on the verified sample will 
provide lower-limit estimates. 

The net percent change in accidents given in the 
previous paragraph indicates that changing the 
mandatory-stop regulation so that stops at crossings 
with active warning devices are not required when 
the devices are not activated would result in a net 
decrease in train-involved accidents for hazardous 
materials transporters, school buses, and passenger 
buses of 2.6, 10.8, and 17.4 percent, respectively. 

Non-Train-Involved Accidents 

The accident records of four states--California, 
Illinois, North Carolina, and washington--were 
searched to identify accidents that did not involve 
a train and were directly or indirectly caused by a 
regulated vehicle stopping at a railroad crossing. 
The procedure used in selecting the accidents is 
summarized in Figure 4. 

The selection criteria were very stringent. It 
was not necessary for the accident reports to in
volve a regula t e d veh i c l e directly, but it was re
quired that the accident description mention a 
mandatory-stop vehicle stopping at a railroad cross
ing with no train present or approaching. Therefore, 
a rear-end accident involving two passenger vehicles 
would have been included only if the verbal descrip
tion of the accident mentioned a truck or bus stop
ping with no train or no flashers activated. Because 
of the liberal initial and restrictive final selec
tion processes, a large quantity of records were 
searched to obtain a limited number of cases. A total 
of 18,814 accidents were initially selected by the 
computer searches, but only 264 cases satisfied the 
selection criteria. The number of accidents identi
fied as part of this task do not therefore represent 
the true magnitude of the non-train-involved acci
dents resulting from the actions of mandatory-stop 
vehicles. 

It may be expected that many accidents involving 
a regulated vehicle and the vehicles queued behind 
it were not reported as involving a regulated vehi
cle, a railroad crossing, or the presence or absence 
of a train. In addition, the accident type typically 
expected to result from the actions of a mandatory
stop vehicle is often characterized by low speed and 
minimal damage. These accidents are often not re-

Hazardous Materials 
General Truck Transporter School Bus Passenger Bus 

Accident Type 
Population• 
(%) Percentb Differencec Percentb Differencec Percentb Differencec 

Vehicle struck by train 
Vehicle speed .; 10 mph 14.0 17.4 - 3.4 33 .3 -19.3 31.3 -17.3 
Vehicle speed ;;. 10 mph 11.9 16.8 -4.9 9.5 2.4 16.0 -4.1 

Train struck by vehicle 12.5 7.5 5.0 7.1 5.4 9.2 3.3 

Total differences - 3.3 -11.5 -18. l 

8 Percent of total. 
b Percent of total verified accidents. 
cDifference between regulated-vehicle and general-truck accidents. 
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FIGURE 4 Flowchart of the non-train-involved accident identification procedure. 

ported. Also, the record-keeping capabilities and 
policies of each state influence the accidents 
selected. Only one state maintained records back to 
1975, one to 1976, and the remaining two states did 
not maintain records before 1978. 

The average nationwide estimates of non-train
involved accidents for the analysis period were 40 
involving hazardous materials transporters, 122 in
volving school buses, and 31 involving passenger 
buses. These represent the annual reduction in non
train-involved accidents that could be achieved if 
regulated vehicl es were not r e qu ired to stop at 
crossings with a c tive devices when the devices were 
not activated. These estimates of non-train-involved 
accident frequencies appear inordinately low. It can 
be reasonably expected, for example, that during 
1983 there were more than 40 accidents nationwide 
resulting from stops by hazardous materials trans
porters at crossings with active devices that were 
not activated. 

COLLECTION AND ANALYSIS OF OPERATIONAL DATA 

Data Collection 

Data related to traffic conflicts, erratic maneuvers, 
compliance, and lane use were collected at 12 sites 
to obtain information on the operational effects of, 
and the rate of compliance with, the mandatory-stop 
regulation. 

The initial data collection plan was to use six 
sites with and six sites without pullout lanes (also 
termed truck and bus stopping lanes). In addition to 

the consideration of pullout lanes, characteristics 
such as high traffic volumes, relatively high num
bers of mandatory-stop vehicles, and two-lane road
ways were desired to increase observational oppor
tunities. Difficulties were encountered, however, in 
locating sites with pullout lanes. 

A total of 79 sites identified by the national 
inventory as having truck pullout lanes were visited 
in Michigan, Ohio, and Illinois. Only two of these 
sites, located in Michigan, were determined to 
actually have pullout lanes, but they were not ap
propriate because of low volumes of mandatory-stop 
vehicles. The remaining 77 sites had been miscoded 
and did not have lanes that had been constructed for 
the primary purpose of reducing delay and congestion 
from s tops by regulated vehicles in the traveled 
way. In urban areas a common error was that four
lane facilities with parking permitted were often 
erroneously coded as having pullout lanes when the 
parking was prohibited in advance of the crossing. 
The result of the site-selection process was six 
sites wi~hout pullout lanes, two each in Michigan, 
Ohio, and Illinois, and six sites with pullout lanes 
in Washington. 

The difficulty in identifying s ites with pullout 
lanes resulted in changes in both the magni tude and 
the interpretation of the data. The difference in 
magnitude resulted from using sites in Washington 
that had four lanes plus a pullout lane. It was 
originally planned to only use two-lane sites to 
increase the number of conflicts and erratic maneu
vers observed. For example, erratic maneuvers or 
conflicts related to passing maneuvers would not be 
expected to occur on four-lane roadways. Changes in 
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data interpretation resulted from the difference 
that exists in the state regulations pertaining to 
mandatory stops. Both Washington and Illinois are in 
basic agreement with the UVC recommendation, which 
does not require stops at crossings with active de
vices that are not activated. Variations exist, how
ever, in that Illinois requires stops only by school 
buses and Washington requires stops by hazardous 
materials transporters. To help ensure compatibility 
among the hazardous materials transporters , data 
collected in different study areas were only obtained 
from trucks that were placarded. 

Data were collected simultaneously for 9 hr on 
each approach by two data collectors. Each data col
lector observed one approach and manually collected 
data pertaining to driver action, placard type, di
rectional volumes, number of following vehicles, 
position on the roadway, traffic conflicts, and er
ratic maneuvers. The frequency of observed traffic 
conflicts and erratic maneuvers, however, was not 
sufficiently large to permit any conclusions. To 
obtain a sufficiently large data set, a much larger 
data collection effort would need to be undertaken. 

Results 

Although the states chosen for study varied in their 
mandatory-stop regulations, there were sufficient 
similarities to permit a comparative analysis. This 
analysis was concerned with providing insights into 
two issues: 

1. What is the overall compliance or violation 
rate? 

2. Do the differences in state regulations result 
in .different driver reactions? 

The first issue was addressed by combining driver 
actions for each vehicle type on the basis of simi
larities in the state laws. Table 2 indicates that 
trucks and tank trucks have a violation rate of 97.5 
and 70.l percent, respectively. The violation rate 
for school buses was 36. 4 percent. The tank-truck 
category was the only one with a number of observa
tions sufficiently large for statistical analyses to 
be performed. 

TABLE 2 Summary of Driver Compliance Data 

No. of Observations by Driver 
Action 

Vehicle Type Full Stop Rolling Stop No Stop 

Trucks" 1 3 36 
Tank trucks" 83 59 136 
School busb 28 16 0 

8 Placarded trucks front M lchlg•n, Ohio, and Washington. 
bDllt.lti from Mh:htgan, Ohio , mnd Illlnols. 

Violation 
Total Rate(%) 

40 97.5 
278 70.l 

44 36.4 

If the compliance rate were higher, there would be 
a good possibility that observed differences between 
the character is tics of train-involved accidents of 
the general truck population and those of the regu
lated vehicles would be ·even more pronounced. This 
would be especially true in those accidents in which 
vehicles traveling less than 10 mph were struck by a 
train. Similarly, an increase in non-train-involved 
accidents could also be expected with an increase in 
the compliance rate. 

The second issue regarding driver actions in the 
different states was analyzed by using the chi-square 
test. The observations on trucks and tank trucks 
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were combined for Michigan, Ohio, and Washington, 
which are in basic agreement with the FMCSR in that 
stops are required by placarded vehicles at cross
ings with active devices. These data were compared 
with those from Illinois, where such stops are not 
required. The null hypothesis tested was that the 
frequency of truck and tank-truck driver actions 
(e.g., full stop, rolling stop, or no stop) is the 
same for Michigan, Ohio, and Washington as it is for 
Illinois. The data are as follows (ch i -square = 6,03, 
df = 2, 95 percent critical value= 5.99): 

No. of Observations by 
Driver Act ion 
Full Rolling No 

State Stop StoE StOJ2 Total 
Michigan, Ohio, 

and Washington 84 62 172 319 
Illinois 7 16 21 44 

With the chi-square value of 6.03, the chances are 
less than 5 in 100 that the observed driver actions 
of mandatory-stop vehicles are similar in Michigan, 
Ohio, and Washington to those observed in Illinois. 
The different state laws therefore influenced driver 
behavior even though the violation rate was very 
high in the three states that require stops at active 
crossings. 

DETERMINATION OF DELAY, FUEL CONSUMPTION, AND 
POLLUTION CONSEQUENCES 

Estimates of delay, fuel consumption, and air pollu
tion resulting from the mandatory-stop requirement 
at active crossings were obtained by using the NETSIM 
model, which was developed by FHWA as a generalized 
tool to analyze the impact of different traffic con
trol strategies for roadway networks. Because the 
NE'fSIM model does not have prov i s i ons for modeling 
vehicles stoppi ng at a rail road c r os sing, it was 
necessary to modify the model and use surrogates. 

The modeling effort involved estima ting the im
pact of regulated vehicles when the active devices 
were not activated, The presence of trains was 
there f or e not a concern and the crossings were 
trea ted as two~way s top controlled intersections. 
The stop signs controlled the traffic on the low
volume s ur r ogate railroad approaches. This permi t ted 
the main-st reet traffic to f low unimpeded unless 
intentionally stopped at the crossing. Although this 
strategy provided a dependable simulation of a rail
road crossing, it inheren t ly assumed that vehicles 
slow down at a crossing only for the arrival of a 
train. The actual s peed of vehicl es over a crossing 
is, however , dependent on the defens i ve dr i vi ng be
havior of the motor is ts and the condi tion of the 
crossing surface. Assuming that the vehicles slow 
down only for a train does not, however, affect the 
accuracy of the results because compari sons are being 
performed between conditions with and without the 
manda tory-stop r egul a t i on. The same basic . as~ump
t i ons are there fore being applied in both situati ons. 

The vehicles making a stop at the crossings are 
creating shor t-term blockages analogous to a bus 
stopping to load or discharge passengers. This 
analogy was used to model bus stops before the rail
road node. The vehicle, acting as a bus, is required 
to stop for an amount of ti111e assumed equivalent to 
the time it takes to stop and check the tracks for 
oncomi ng trains . The eff ect of these stops on traf
fic and associated opera tional and environmental 
impacts were analyzed. 

The primary purpose of the NETSIM analysis was to 
estimate the savings or d i f f erences in delay, fuel 
consumption, and noxious emiss ions between vehicles 
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governed and not governed by the mandatory-stop 
regulation at crossings with active devices. This 
was accomplished by expanding the NETSIM simulation 
results to yearly estimates by categories of facility 
type, average daily traffic (ADT), and percent truck 
mix. The expansion was performed by using the number 
of working days (260) in a year, which provides a 
better representation of the decreased truck volumes 
occurring on weekends and holidays than that pro
vided by the total number of days in a year. 

These differences were expanded to nationwide 
estimates by determining the stratification of active 
crossings by the number of roadway lanes, ADT, and 
percent truck mix. The estimate of the number of 
crossings in each category was obtained by perform
ing a stratification of 2,974 crossings randomly 
selected from the total of 53, 207 crossings with 
active devices (excluding highway signals). The na
tionwide estimates of the annual delay, fuel con
sumption, and noxious emissions conserved by not 
requiring stops at crossings with active devices 
when not activated are as follows: 

Excess Delay 
(hr/yr) 

1,483,000 

Excess Fuel 
Consumption 
(gal/yr) 

12,267,000 

Excess Noxious 
Emissions (tons/yr) 
HC CO NOx - - -
9,000 144,000 19 ,ooo 

The NETSIM simulation indicates that if vehicles 
are not required to stop at crossings with active 
devices when the devices are not activated, there 
would be an annual nationwide savings of 1,483,000 
hr of delay, 12,267,000 gal (46,614,000 L) of fuel, 
9,000 tons (8,000 tonnes) of HC, 144,000 tons 
(130,000 tonnes) of co, and 19,000 tons (17,000 
tonnes) of NOx· 

The simulation results were expanded to yearly 
totals on the basis of the number of working days 
(260) in a year. Because there is truck movement on 

weekends and school bus and passenger bus movements 
were not simulated, the NETSIM results are con
servative. 

ECONOMIC CONSEQUENCES OF THE MANDATORY-STOP RULE 

The economic consequences of the mandatory-stop rule 
result from its impact on accidents, pullout-lane 
installation and maintenance, fuel consumption, and 
delay. Estimates of each of these cost categories 
were made on an average annual basis. 

Accident Costs 

Costs associated with collisions between trains and 
hazardous materials transporters, school buses, or 
passenger buses have a higher total than those costs 
associated with other vehicle types. This is par
ticularly true with regard to property damage costs 
for hazardous materials transporters. A study per
formed by NTSB for accidents from 1975 through 1979 

TABLE 3 Accident Cost Estimates 
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determined that the average cost for property
damage-only accidents involving trucks carrying haz
ardous materials and trains was $27,007 (2). This is 
a conservative estimate of the actual costs. Fac
tors such as potential train damage, cleanup of en
vironmentally damaging pollutants, emergency response 
actions, litigation, and in some cases evacuation of 
citizens in danger can dramatically raise the prop
erty damage costs . Accidents that occurred after the 
NTSB study emphasize how conservative this estimate 
is. These accidents included four separate truck
train accidents occurring during a 10-day period in 
1980 that resulted in nine fatalities, nine injuries, 
and $718,000 in property damage. In this 10-day pe
riod, the property damage costs amounted to 43 per
cent of the expected entire annual costs. Another 
truck accident, which was investigated in 1981, re
sulted in the derailment of 5 locomotive units and 
24 cars, incurring $2,748,000 in property damage 
alone <ll. 

Several insurance companies and insurance service 
corporations were contacted to obtain information on 
the actual costs of accidents involving trains and 
trucks transporting hazardous materials, passenger 
buses, and school buses. These organizations stated 
that the costs of environmental cleanup, litigation, 
and property damage claims were either not available 
or considered proprietary information. Accident costs 
were therefore based on information from the NTSB 
study and the National Safety Council (NSC). 

The costs and sources in Table 3 were used to 
determine the overall cost of the accident conse
quences. Note that the 1983 NSC costs were used in 
all accident and severity categories except prop
erty-damage-only and personal-injury accidents for 
hazardous materials transporters. This was done be
cause, although accidents between trains and buses 
or school buses are often catastrophic in terms of 
fatalities and personal injury, bus accidents typi
cally do not incur property damage losses comparable 
with those incurred by hazardous materials trans
porter accidents. 

Estimating the overall accident ~~st savings for 
train-involved accidents required a breakdown by 
accident severity. This breakdown, presented in Table 
4, included only accidents that had been previously 
verified. The data, for example, reveal that 0.38 of 
the 161 train-hazardous material transporter acci
dents involved a personal injury. For every per
sonal-injury accident that occurred, an average of 
1.8 persons was injured. 

The estimated net reduction in train-involved 
accidents given earlier was applied to the severity 
breakdown of accidents that were verified over the 
9-year analysis period. The annual savings in train
involved accidents resulting from not requiring 
vehicles to stop at crossings with active warning 
devices when unactivated is $106,000. 

Estimates of the annual reduction in non-train
involved accidents were obtained by applying the 
cost of property-damage-only accidents to the pre
viously determined 40, 122, and 31 annual reductions 

Train-Involved Accidents Non-Train-Involved Accidents 

Vehicle Type 

Hazardous materials transporters 
School buses 
Passenger buses 

PDO ($) 

27,007 8 

1,150 
1,150 

Pl($) 

34,457b 
8,600 
8,600 

F ($) 

210,000 
210,000 
210,000 

PDO ($) 

1,150 
1,150 
1,150 

PI($) 

8,600 
8,600 
8,600 

F ($) 

210,000 
210,000 
210,000 

Note: Except as noted, 1983 NSC accident cost estimates were used. PDQ= property damage only, Pl= personal 
injury, F::: fatality. 

a Based on NTSB • ludy (2, p. 2). 
bThe sum or NTSD PDO costs and NSC Pl costs. 
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TABLE 4 Breakdown of Severity for Verified 
Train-Involved Accidents, 1975-1983 

Accidents Between Trains and 

Hazardous 
Component of Accident Materials School Passenger 
Severity Transporters Buses Buses 

Total no. of accidents 161 84 119 
Property-damage only accidents 7Q S! 7! 
Personal-injury accidents 

No. of accidents 61 30 40 
No. of persons Ill 126 210 

Fatal accidents 
No. of accidents 30 3 8 
No. of persons 54 4 21 

Personal-injury ratio 0.38 0.36 0.34 
Persons injured per personal-

injury accident 1.80 4.20 5.30 
Fatality ratio 0.19 0.04 O.D7 
Persons killed per fatal accident 1.80 l.30 2.60 

in accidents involving hazardous materials trans
porters, school buses, and passenger buses, respec
tively. The result was an annual non-train-involved 
accident cost reduction of $222, 000. The property
damage-only cost was applied to the non-train-in
volved accidents because they are typically accidents 
of low severity. 

The estimated total annual train-involved and 
non-train-involved accident cost savings resulting 
from not requiring stops at crossings with unacti
va t ed active devices is therefore $328,000 ($106,000 
+ $222,000), It should be realized that this estimate 
is a conservative, lower-bound estimate. It is based 
on only accidents positively identified as involving 
hazardous materials transporters, school buses, and 
passenger buses. In both the train-involved and non
train-involved accident categories there are addi
tional accidents that could not be verified and in 
the case of non-train-involved accidents, that were 
not identified or reported. 

Pullout-Lane Construction and Maintenance Costs 

Pullout lanes permit vehicles to come to a stop 
without presenting major disruptions to through 
traffic. They are primarily constructed on two-lane 
facilities with relatively high vehicle and truck 
volumes. In addition to costs associated with the 
pullout lane itself, there are also costs associated 
with mainta ining and extending the crossing surface 
over the rails; extending the gate arms, when pres
ent; and often converting the mast-mounted flashing 
lights to cantilevered lights . 

The overall costs associated with each of these 
changes are dependent on their frequency of occur
rence and the number of tracks involved. Efforts 
were extended in three steps to determine the costs 
associated with pullout lanes: (a) estimating the 
total number of pullout lanes, (b) estimating yearly 
installations, and (c) obtaining cost estimates. 

Estimating the Total Number of Pullout Lanes 

A nationwide search of the FRA national inventory, 
with no restrictions, revealed that 2,581 crossings 
were coded as having truck pullout lanes. The dif
ficulties, however, in locating sites with pullout 
lanes for the data collection indicated that t his 
figure was not accurate. To increase the accuracy, 
another search was performed with the restriction 
that only crossings on two-lane roadways be eligible 
for pullout-lane identification. This assumption 
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resulted in the identification of 664 crossings as 
existing on two-lane facilities with truck pullout 
lanes. This estimate will probably be lower than the 
actual amount of pullout lanes because some multi
ple-lane roadways have pullout lanes. This was found 
to be the case in the state of Washington. It is 
likely, however, that the majority of installations 
will be on two-lane, two-way facilities that pose 
passing restrictions without a pullout lane. 

Estimating Yearly Installations 

An estimate of the annual number of new pullout-lane 
installations was obtained by searching the historic 
and current records of the FRA national inventory. 
This process revealed that an average of 17 crossings 
per year are equipped with new pullout lanes. 

Estimating Pullout-Lane Costs 

Estimates of construction and maintenance costs were 
obtained from an investigation of literature and a 
survey of the states and railroads. The primary 
source for the maintenance costs was a 1982 technical 
paper presented by Bryant (6) to the Conununications 
and Signal Division meeting- of AAR. Bryant studied 
400 cros sings, stratified them by warning-device 
type and number of tracks, and determined the average 
yearly maintenance cost. 

Construction costs were obtained from a survey 
forwarded to the railroads and states as part of 
this study. These costs were applied to the number 
of crossings with each warning device and crossing
surface type, which were also obtained from the FRA 
national inventory. The average annual construction 
cost was estimated to be $596 ,000 and annual pull
out-lane maintenance cost was $645,000. The estimated 
maintenance cost does not include the cost of main
taining the surface condition of the pullout lanes 
themselves. 

Fuel Consumpt ion Costs 

Results from the NETSIM analysis indicate that 
12,267,000 gal/year (46,614,600 L/year) are consumed 
at active crossings because of the mandatory-stop 
provision. Applying a conservative estimate of $1 
per gallon results in $12,267,000 in excess fuel ex
penditure per year. 

Delay Costs 

The NETSIM analysis yielded estimates of delay to 
the total traffic stream in addition to the delay 
experienced by the vehicles required to stop. In 
determining the associated cost of delay, the NETSIM 
estimates were separated into truck and following
vehicle delay. This was done to apply the cost esti
mates based on vehicle type. 

The value-of-time estimates were obtained from 
1977 estimates provided in a publication by the 
American Association of State Highway and Transporta
tion Officials (AASHTO) (7). All of the following 
vehicles were assumed to be automobiles that experi
enced delays of less than 5 min. Applying the AASHTO 
estimates for occupancy rate and value of time for 
an average traveler trip resulted in a delay cost of 
$0.33 per hour. For trucks, the delay cost was as
sumed to represent market costs rather than the 
value of personal user time, as was used for automo
biles. This approach was taken because the lost pro-
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ductivity of the truck driver's time represents, in 
most cases, an actual monetary outlay by the ship
per. The value used for truck delay was therefore $8 
per hour. It should be noted that the values used 
for both automobile and truck delay represent 1975 
values and were not updated by the Consumer Pr ice 
Index to yield current valuesi therefore they 
present a lower-than-actual cost. The total cost of 
delay resulting from requiring vehicles to stop at 
active crossings when the devices are not activated 
is as follows: 

Vehicle Annual Hourly Time Delay Cost 

'.!l:'.12e Dela:.:'. !br) Value ($) !$! 
Automobile 1,350,000 0.33 446,000 
Truck 133 ,ooo 8.00 110641000 
Total 1,510,000 

The results of the economic consequences of pro
posed changes in the mandatory-stop requirement are 
as follows: 

Cost Categor:l 
Train- and non-train-involved accidents 
Pullout-lane construction 
Pullout-lane maintenance 
Fuel consumption 
Delay 
Total 

CONCLUSIONS 

The project activities resulted in the 
conclusions: 

• Higher proportions of hazardous 

Annual 
Cost !$! 

328 ,000 
596,000 
645,000 

12,267,000 
11510 , 000 

15,346,000 

following 

materials 
transporters, school buses, and passenger buses were 
struck by a train at crossings with active devices 
than was the case for trucks not transporting haz
ardous materials. This difference was found to be 
significant at the 99 percent confidence level. 

• The percentage of accidents involving the 
vehicle hitting the train was smaller for the popu
lation of mandatory-stop vehicles than it was for 
the population of trucks not transporting hazardous 
materials. This difference was large enough to be 
significant at the 99 percent confidence level. 

• If the mandatory-stop rule did not require 
stops at crossings with active warning devices when 
the devices were not activated, the primary responsi
bility of recognizing the presence of a train was 
placed on the train-detection system. It was conser
vatively estimated that this would result in an in
crease in train-involved accidents of 0. 70 percent 
due to the malfunction of the warning system. 

• Requiring vehicles to stop at crossings with 
activated devices when no train is present or ap
proaching results in an increased number of vehicle
to-vehicle accidents. The annual nationwide estimate 
of such non-train-involved accidents was 40, 121, 
and 31 for hazardous materials transporters, school 
buses, and passenger buses, respectively. 

• If the mandatory-stop regulation did not re
quire stops at crossings with activated devices when 
not activated, there would be a net annual decrease 
in train-involved accidents for hazardous materials 
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transporters, school buses, and passenger buses of 
2.6, 10.8, and 17.4 percent, respectively. The net 
decrease would occur even though there was an in
crease in accidents where the train was struck by 
the vehicle and in accidents due to warning-device 
malfunction. 

• Requiring vehicles to stop at crossings with 
active devices when not activated results in 
1,483,000 hr of excess delay and 12,267,000 gal of 
excess fuel consumption. Truck pullout lanes at 
railroad crossings, necessitated indirectly by the 
mandatory-stop regulations, result in an estimated 
annual expenditure of $596 ,000 for construction and 
$645,000 for maintenance. 

• Requiring vehicles to stop at crossings with 
active devices when not activated results in excess 
annual expenditures of $328,000 in accident costs, 
$12,267,000 in fuel, and $1,510,000 in the value of 
time lost due to delay. 

• The rate of the violation in which drivers of 
regulated vehicles did not come to a full stop was 
high with regard to trucks (97. 5 percent) and tank 
trucks (70 .1 percent). School buses and passenger 
buses had consistently lower violation rates than 
trucks and tank trucks. 
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