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ABSTRACT 

Fatal run off the road crashes make up a fairly large percentage, approximately 33% of 

the total fatal crashes in the state of Florida. To address the problem of fatal crashes involving 

running off the roadway, a study was undertaken here to suggest various countermeasures that 

could help preventing such crashes. Run off the road crashes have always been a concern in the 

United States of America, as they account for a large number of fatal crashes each year. 

Traditionally, ROR crashes usually involve only a single vehicle, although an ROR vehicle 

hitting a parked vehicle is a multi- vehicle crash.  The overall study has been undertaken in view 

of 1) minimizing the number of vehicles leaving the roadway and 2) minimizing the 

consequences of leaving the roadway.  . A systematic approach was adopted to study the run off 

the road crashes in the state of Florida. The research methodology adopted included data 

collection, data base development, case study review and analysis of data. The main sources of 

database collection were Florida Traffic Crash Reports, Florida Department of Transportation 

Roadway Characteristics Inventory, crash scene photos, video log photos and site visits. Data 

was processed using Structured Query Language (SQL). All the crashes were studied on a case- 

by- case basis to reach conclusion on factors that contributed to both the crash itself and resulting 

fatalities. The study examined ROR crashes by number of factors including crash type, vehicle 

and posted speed, driver’s age, etc It was found that 25% of the ROR vehicle overcorrected and 

either hit another vehicle or left the other side of the roadway. It was also found that vast 

majority of crash occurred where there were no rumble strips, it is therefore recommended that 

rumble strips should be installed on all the roads. However, because rumble strips are associated 

with possible over correction, therefore careful attention of design and placement of rumble 

strips is needed. For no seatbelts use and overturn cases and fixed objects-seatbelts cases 

educational program for seatbelts use and moving/protecting fixed objects have been 

recommended. All recommendations have been suggested to Florida Department of 

Transportation
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CHAPTER 1 

OVERVIEW 

 

1.1 Run off the Road Crashes 

Fatal run off the road (ROR) crashes, including those with median crossovers and 

overcorrection back onto the roadway, make up a fairly large percentage, approximately 33 

percent, of the total fatal crashes in the study set. To address the problem of fatal crashes 

involving running off the roadway, a study is undertaken here to suggest various 

countermeasures that could help preventing such crashes. 

 

1.2 Overview  

The overall study has been undertaken in view of 1) minimizing the number of vehicles 

leaving the roadway and 2) minimizing the consequence of leaving the roadway.  The study 

examined ROR crashes by number of factors including crash type, vehicle and posted speed, 

driver’s age, etc.  The main idea behind the objective of the study undertaken was to suggest 

measures to reduce the number of road fatalities so as to: 

• Keep vehicles from encroaching on the roadside, 

• Minimize the likelihood of crashing or overturning if the vehicle travels off the 

shoulder, and 

• Reduce the severity of crashes that occur. 

The first objective addresses driver behavior; however, there are other strategies for 

fulfilling this objective that target highway design features that could contribute to crash (e.g., 

shoulder drop offs and pavement with low skid resistance). The second objective employs 

strategies that focuses on the highways, with more concentration devoted to non-freeways 

facilities, especially to higher speed rural roads. Facilities such as freeways have fairly wide 
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shoulders and more forgiving, wider clear zones. Features within the clear zone are shielded 

from traffic by barriers and crash attenuation devices. On the other hand, there is an extensive 

system of mostly two lane rural high-speed roadways that do not have these features. Crash data 

analysis show that this rural two-lane system is particularly vulnerable to ROR crashes and 

should be targeted for appropriate measures. Some of the same strategies appropriate for these 

two lane, rural, high-speed roads can also be implemented on suburban and urban streets and on 

freeways. Vehicle design, restraint features and usages, and design of roadside features and 

roadside geometry are all valid target for the third objective, reducing the severity of ROR 

crashes. 

Keeping the above objectives in mind, the area of study was confined to ROR crashes in 

the state of Florida. As case reviews showed that a large number of crashes involved 

overcorrection by the driver after encroaching on the shoulder, these crashes were also included 

in the set of ROR crashes, including those resulting in a vehicle-vehicle impact after the 

overcorrection.  ROR crashes were categorized according to direction of departure, loss of 

control, and outcome.  Various roadway parameters such as distance of the fixed object from the 

roadway, presence of rumble strips, geographic location, and facility type were recorded.  

Roadway and traffic operations issues, such as involvement of access points, sight distance 

issues, and presence of roadway curvature, construction, congestion, and/or obstructions, were 

also noted.  As most of the ROR crashes had driver behavior as a major factor, driver error and 

demographic characteristics were studied for the ROR crashes.  Various driver behaviors like 

inattention/distraction (emotional stress, external/internal distraction), perpetual errors, decision 

errors, vehicle speed, etc. were looked for in the ROR crashes.  Various environmental 

conditions like rain, fog, darkness, and other visibility issues were noted during the study. An in-

depth study of ROR crashes where the vehicle failed to negotiate the curve was done to find the 

causes of crashes on the curvature. 
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CHAPTER 2 

Background and Literature Review 

Run off the road crashes have always been a concern in the United States of America, as 

they account for a large number of fatal crashes each year.  As defined in this study, ROR 

crashes involve vehicles that leave the travel lane and encroach onto the shoulder and beyond 

and either overcorrects, overturn, hit one or more of any number of fixed or non-fixed objects, or 

otherwise result in a harmful event to the vehicle occupants or other persons.  Traditionally, 

ROR crashes usually involve only a single vehicle, although an ROR vehicle hitting a parked 

vehicle could be considered as multi vehicle crash.   

For the purposes of this study, a roadway is defined as that part of traffic way designed, 

improved and ordinarily used for motor vehicle travels.  “Run off the road” crashes or “lane 

departure” crashes involve vehicles that leave the travel lane and encroach onto the shoulder and 

beyond.  ROR crashes typically involve impacts with one or more of any number of natural or 

artificial objects, such as bridge walls, embankments, guardrails, parked vehicles and trees, 

although the impact could be with a vehicle on another roadway or a pedestrian, or the vehicle 

could be tripped by soft soils or a side slope, resulting in an overturning type crash.   

The National Cooperative Highway Research Program (NCHRP) has developed a 

number of guides relevant to ROR collisions.  A multi volume report provides guidance for 

implementing a strategic highway safety plan. Volume 6 of this Report deals with run off the 

road crashes in particular and addresses in detail, the type of problems leading to run off the road 

crashes, and various strategies recommended for addressing ROR crashes (Neuman, 2003b). 

Volume 3 (Neuman, 2003a) of the same report addresses tree collisions in particular, and  

Volume 7 addresses issues related to roadway curvature and presented strategies to minimize 

collisions on horizontal curves (Neuman, 2004).  

One preventative measure addressing ROR crashes are rumble strips.  Rumble strips are 

crosswise grooves milled or pressed into the paved shoulder.  Vehicles passing over shoulder 

rumble strip produce a sudden rumbling sound and cause the vehicle to vibrate, thereby alerting 

inattentive, drowsy, or sleeping drivers of encroachment on the shoulder and possibly on the 

roadside.  Rumble strips have been used primarily on expressways and freeways, although some 
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states have installed them on two lane rural roads with high number of single vehicle crashes.  

While shoulder rumble strips have been designed primarily to reduce ROR crashes, they can also 

reduce head on crashes.  In this application, rumble strips are installed in centerline to avoid head 

on collisions.  According to the Federal Highway Administration (FHWA) rumble strips 

installations on the roadways have reduced the ROR crashes by 20 to 50 percent.  

Chen et al (2003) conducted a study of various types of shoulder rumble strips in use 

since 1993. Prior to this study, rolled pattern rumble strips were considered most effective.  Two 

major issues in the study were first, to find the optimal rumble strips design and second, to 

investigate effectiveness of the optimal pattern on safety and economy.  It was concluded from 

the research that the milled rumble strip pattern produced 12 times more sound than rolled 

rumble strips.  Analysis of 25 sites totaling 392.89 roadway miles with milled rumble strips on 

rural interstate in state of Virginia revealed that during the three year implementation period in 

Virginia every 17 miles of milled CSRS saved one life and eradicated 22 crashes. 

Guardrails are widely used in all motorized countries to reduce the consequences of 

accidents in which vehicles run off the road or cross the median of a divided highway. The basic 

idea of an ideal guardrail system is one that safely redirects errant vehicles without endangering 

other traffic and without causing injuries or fatalities among the occupants Elvik (1994) 

conducted a meta- analysis of research on guardrails and crash cushions. The major questions 

addressed in the study were: 

● Does installing median barriers, guardrails (along the edge of the road), and for crash 

cushions affect the probability of accident occurrence? 

● How do median barrier, guardrails and crash cushions affect the severity of accidents 

do these devices reduce the chances of a fatality, given that crash has occurred? 

● Do the results from these studies vary according to study design and other variables 

characterizing study quality or the context where studies are made? 

● What are the best estimates of the safety value of median barrier, guardrail and crash 

cushions? 
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A total of 32 studies, containing a total of 232 numerical estimates of the effect of median 

barriers, guardrails, or crash cushions on the probability and/or severity of accidents were 

retrieved.  The study concluded that median barriers increase accidents rate, but reduce accident 

severity.  Other guardrails and crash cushions are found to reduce both accident rate and accident 

severity.  Numerical estimates of the effects of crash cushions are particularly uncertain.  Based 

on the studies included in the meta analysis, the best current estimate of the effect of median 

barrier are a 30% increase in accident rate, a 20% reduction in the chance of sustaining a fatal 

injury.  Guardrails reduce the chances of sustaining fatal injury by about 45% given that crash 

has occurred.  

In 2001, the Florida Department of Transportation adopted a strategic objective to 

improve transportation safety by identifying and implementing key strategies that should reduce 

fatalities on Florida roadways (Stroz and Nosse 2001).  The strategic objectives focused on five 

areas, such as keeping vehicles in proper travel lanes and minimizing the effects of leaving the 

travel lane, improving the safety of intersections, improving access management and conflict 

point control, improving information and decision support systems, and improving pedestrian 

and bicycle safety.  The first of these focus areas, keeping the vehicle in the proper travel lane 

and minimizing the effect of leaving travel lane, has recently been the focus of numerous safety 

projects in FDOT District 5.  Several district-wide studies have been recently completed and are 

scheduled for implementation as a result of these analyses.  In the studies, various methods such 

as the safety ratio analysis method were used to prioritize locations.  Locations where ROR 

crashes are most likely to occur. 

A notable study investigating rollover on side slope and ditches was conducted by the 

Federal Highway Administration in the state of Virginia (Viner et al, 1994).  National data was 

analyzed to define the nature and importance of the problem of ROR vehicles that roll over on 

slopes and ditches.  Data from two different databases were used to obtain insight on vehicle 

orientation and driver maneuvers in such crashes.  Based on the data, ROR crashes were divided 

by land use and most harmful event, including slope rollover, fixed object tripped, slope no 

rollover, or untripped.  The study also investigated the nature of slope rollover crashes according 

to highway and location factors.  It was concluded that most slope rollover vehicles are skidding 

as they leave the pavement. Driving too fast on curves was the predominant cause of skidding 
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Freeway entrance and exit ramp interchanges and other access points on the roadway are 

the sites of far more crashes per mile driven then other segment of interstate highway.  A study 

done by the Minnesota Department of Transportation found that more then 90% of crashes on 

access points on highways are ROR crashes.  A similar study (McCartt 2004) examined a sample 

of 1150 crashes that occurred on heavily traveled urban interstate ramps in northern Virginia.  

Based on the reviews of diagrams and narratives descriptions from police crash reports, the most 

common crash types were identified and examined for different roadway locations and ramp 

designs and by whether at fault drivers were entering or exiting the freeways.  From the study it 

was concluded that about half of all the crashes occurred when at fault drivers were in process of 

exiting the interstate, 36% occurred when drivers were entering, and 16% occurred at the mid 

point of access roads or on ramps connecting two interstate freeways.  The three major crash 

types—ROR, rear end and sideswipe crashes—accounted for 95% of the crashes.  ROR crashes, 

which were the most common type of crash on ramps, frequently occurred when vehicles were 

exiting the interstate at night, in bad weather, or on curved portions of ramps. 

Although not used in this study, a number of national databases of crash data exist. One 

such database is the Fatality Analysis Reporting System (FARS). The FARS database contains 

data from the state crash reports for all fatal crashes occurring in United States. The data is 

generally tabular in nature and consist of coded elements describing the crash, vehicle and 

drivers data. NHTSA decided in 1996 to make FARS data easier to obtain by using Internet 

technology. This FARS (Fatality Analysis Reporting System) Web-Based Encyclopedia offers a 

more intuitive and powerful approach for retrieving fatal crash information. As FARS maintains 

all the national data this database can be used to compare the national statistics with state data. 

All the national data is available on web site http://www-fars.nhtsa.dot.gov/main.cfm . 

A similar national database known as the National Automotive Sampling System (NASS) 

provides nationally representative data on fatal and nonfatal motor vehicle traffic crashes. The 

goal of the NASS program is to obtain a better understanding of the vehicle-trauma experience 

and to determine the national crash trend experience, consequently formulating the foundation 

for a comprehensive understanding of both the relationship between vehicle crash severity and 

occupant injury, and the scope of the highway safety problem. Where as FARS data is primarily 

coded fields from state crash reports, the NASS data is much more broad information collected 
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in a case study manner.  Highly specialized NASS researchers under contract to the agency 

collect data at the crash scene, inspect the vehicle(s) for specific damage and countermeasure 

performance, identify injuries from hospital or other medical records, and determine causes of 

injury. All the national data are online and can be used by visiting the web site http://www-

nrd.nhtsa.dot.gov/departments/nrd-01/summaries/NASS_98.html. 
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CHAPTER 3 

Methodology 

A systematic approach has been adopted to study the run off road crashes in the state of 

Florida. The research methodology adopted include data collection, data base development, case 

study review, analysis of data. The scope of the study includes all fatal traffic crashes occurring 

on state-maintained roads in Florida in the year 2000. To increase the percentage of heavy truck 

crashes in the study, heavy truck crashes on state roads in 1998 and 1999 were added to the data 

set.  

3.1 Data collection: 

The study began by collecting the data from both paper and computer based sources. The 

data was obtained for whole state of Florida. Initially photocopies of Florida Traffic Crash 

Report were obtained from the Florida Department of Transportation. These reports were 

supplemented with computerized records for the years 1998 and 1999 from FDOT’s Accident 

Analysis Report (AAR) database. Traffic homicide reports were obtained from the Florida 

department of transportation and the respective sheriff offices in the state of Florida. Year 2000 

data was the first to be included in a newly developed relational database known as the Crash 

Analysis Report (CAR) database; once that database came online, computer records from it were 

included as well. In addition the crash attributes, the FDOT databases include a number of 

roadway characteristics, including degree of curvature, median and shoulder widths, and average 

daily traffic counts. The FHP provided 1998, 1999, and some 2000 reports in electronic form 

(PDF files); other reports were obtained as paper copies and scanned. 

Investigating officers typically use photographs to record many details of fatal crashes. 

Photographs of all the fatal crashes were requested from sheriff office of all the counties and 

FHP. Few counties sheriff offices provided the photographs of the fatal crashes, which were 

scanned and put on the CD for the purpose of study. 

To supplement the data in the crash report, traffic homicide reports were requested from 

the Florida highway petrol, city police department and sheriff office of the counties in the state 

of Florida. The FHP which investigated approximately 67 percent of the fatal crashes, provided 
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traffic homicide reports in electronic form approximately 140 additional traffic homicide reports 

were obtained from other agencies as paper copies. In all, homicide reports were available for 

approximately 73 percent of fatal crashes. 

 

3.2 Resources:  

The resources used in the case reviews are discussed in the following sub-section. 

 

3.2.1 CAR Database: 

The Florida Department of Transportation uses and maintains a state mainframe database 

known as Crash Analysis Reporting System (CAR). This database is the data source for state-

level crash statistical analysis, other state uses and federal reporting. This database contains the 

data input from FTCR; site location and other site information queried from the RCI mainframe 

database. Extracts from FDOT CAR database and other additional sources were used to complete 

the missing/incomplete data. Still there exists some percentage of missing/pending data since 

that information was never updated on the crash reports after the investigation was completed 

and results obtained.  

 

3.2.2 Roadway Characteristic Inventory (RCI): 

The Florida Department of Transportation’s Transportation Statistics Office (TranStat) 

maintains an electronic inventory of the highway system known as the Roadway Characteristics 

Inventory (RCI). The RCI is a computerized database of physical and administrative data related 

to the roadway networks that are maintained by or are of special interest to the Department. In 

addition to data required by the Department, the RCI contains other data as required for special 

Federal and State reporting obligations. The RCI is maintained by District and Central Office 

personnel. While there are many other important databases maintained by the Department 

(several that contain more highly technical data such as bridge specifications, highway design, or 
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pavement) the RCI remains the largest database with over one million records. This data was 

accessed to get additional quantitative roadway information where necessary. At this point the 

online querying capabilities of the RCI limit the data extraction to a case-by-case basis. This 

limited the study-wide augmentation of the roadway data. However, FDOT has already updated 

some of the crash records with a limited number of features from the RCI database. One of such 

feature is the Average Daily Traffic (ADT), a measure of roadway congestion. It is important to 

note that the roadway data is updated as road change overtime, thus it is not possible to get the 

exact characteristics of the crash. 

 

3.2.3 Crash Scene Photos: 

Where available, crash scene photos were reviewed.  Roadway features (e.g. signage, 

traffic control devices) were observed.  Skid marks and other evidence to hypothesize on driver 

action (e.g. skid marks show evasive actions as if to avoid collision, lack of skid marks combined 

with small exit angle indicate driver fatigue issues) were examined.  

 

Figure 1:  Crash Scene Photos 
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Figure 1 shows the crash scene photographs of a single vehicle crash occurred in Duval 

County on State Road 9A resulting in one fatality. The crash happened on the ramp as can been 

seen from the photo 1, which involved Jeep Grand Cherokee a midsize sports utility vehicle. The 

driver failed to negotiate the curve and lost control of the vehicle. As can be seen from the photo 

1, it shows the tire marks that the vehicle first ran off the road on left side. The driver then 

overcorrected and ran off the road on right side as can be seen in the photo 2. The vehicle 

overturned one and half times. The first overturn occurred on the pavement, which can be seen 

from scratches on the pavement in photo 3. The other half overturn occurred in the grass portion 

between the SR9A and the ramp. The photo 4 shows the gouge marks by the vehicle and the 

final rest position of the vehicle. From the photos it can be seen that driver overcorrected twice, 

first when he ran off of the road on left side and the second time when he ran off the road on the 

right side. At this point the right rear tire got deflated and the vehicle started overturning.  

 

3.2.4 Video Logs: 

The video-logs were used to investigate potential roadway design and traffic operations 

issues that might have contributed to the crash and/or the fatality. The video logs are still 

photographs taken in both directions at regular interval from the right most lanes of the state 

maintained roads. As required video-logs provided by the Florida Department of Transportation 

were accessed and reviewed. They were useful in finding sight distances, signage, crosswalks, 

speed transition zone, presence of pedestrian signals and other information. The main advantage 

of using the video-logs limited the need for site visits. Figure 4.2 shows a snapshot of the video 

log viewer. 
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Figure 2:  Example of Video Logs 

3.2.5 Site Visits: 

Site visits were necessary to investigate the potential roadway contributing factors where 

all other resources were exhausted. Depending on the site team members videotaped the drive-

through in the direction of both at-fault and not at-fault vehicles; measured and photographed 

various site features; investigated sun glare, traffic volumes and other time related aspects. 

 

3.2.6 Geographical Information Systems (GIS) 

The Florida Department of Transportations Planning Office maintains an inventory of 

data for use with geographical information system (GIS). Layers include roadway data and 

traffic data. Another source of GIS data is the Florida Geographic Data Library (FGDL). This 

online library is warehoused and maintained by the University of Florida GeoPlan Center, a GIS 

research and teaching facility. There are currently over 350 layers in the FDGL, including land 

use, census, traffic meter data, roadway characteristics inventory and USGS quad maps. A GIS 

layer of crash locations was created on the base map of Florida using route events. The GIS data 
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enabled spatial analysis, which helped in understanding how different characteristics varied by 

location. This also helped in the determining the areas where particular crash types dominated.  

 

3.3 Database design and development: 

A comprehensive database was prepared from the available crash data. The data base 

includes seventeen relational tables with data about crash road data, crash data, vehicle data, 

drivers data, environmental data, passenger data, pedestrian data, truck data, violation data, THI 

completeness, error on reports. Separate tables documented the sequence of events in each crash, 

as well as factor contributing to both crash and fatality. The database is being used to support a 

number of studies of various types and causes of fatal traffic crashes. The main idea behind 

design of database was to obtain the information missing in the FTCR (Florida traffic crash 

reports). A set data of protocol was prepared to look for the information. Traffic homicide report 

was reviewed for each fatal crash to prepare the database. In crash data table crash type was 

fixed after reviewing the FTCR and THI. As the study involved site visit of various fatal crash 

points therefore based on the crash type protocol was developed to fix up the site visit priority. It 

was required to obtain the vehicle information from the THI report as FTCR didn’t provide the 

vehicle make and vehicle type. Various internet search tools were used to find out the vehicle 

make of various vehicle models involved in fatal crash. It was ascertain that whether vehicle was 

overturned or not. For drivers data traffic homicide reports were reviewed for the drivers license 

history , based on the number of years in drivers history, type of violation and drivers ranking set 

in the protocol a ranking based on the scale of 0-5 was given in the database. The idea behind 

this ranking was to know the at fault driver in the fatal crash 

 

3.4 Data Processing 

After the data entry process was over and database completed; a querying tool called 

Structured Query Language (SQL) was used to generate queries. Using SQL, data in separated 

tables can be joined together, new tables can be queried and data can be inserted, updated and 
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deleted. It is also possible to perform computations on the data in tables. SQL is very useful and 

powerful tool in getting desired results. Another important tool that was used for querying was 

Microsoft’s Access, which is very user friendly. It is very important to have quality data to get 

quality results. Due to inability of some agencies to supply us with necessary information there 

was a lot of missing and incomplete data. 

3.5 Data analysis 

There is extremely close relationship between confidence interval and hypothesis testing. 

When a 95% confidence interval is constructed, all the values in the interval are considered 

plausible values for the parameter being estimated. Values outside the interval are rejected as 

implausible. The null hypothesis is rejected if the p-value is below 0.05 and the alternative is 

accepted; and the null hypothesis cannot be rejected if the p-value is greater than 0.05. For 

instance, if we get p-value 0.005, it does not mean that the null hypothesis is true. It means the 

probability of obtaining data (of no difference) as different or more different from the null 

hypothesis as those obtained in the sample (experiment) is 0.005. Thus the null hypothesis is 

rejected and the alternative is accepted. 

Inferential statistics such as correlation and regression require a significant understanding 

of statistics. Hence simplified, yet statistically significant approach of frequency distributions, 

called overrepresentation was used for analyses. Another important point to note is that the data 

is not continuous, thus the advanced statistical analysis such as regression models and control 

charts would not help much. This means that every crash is unique with discrete data. Thus a 

simple method of overrepresentation is used for analysis.  To calculate the overrepresentation 

factor, two data subsets are required, the experimental subset and a comparison or control subset. 

Overrepresentation factor is not just percent involvement but it is comparison to the complement 

of the set, to differentiate important factors & differences between sets. Likely, it cannot reduce 

rate in the set more than the rate in the complement i.e. reduce the overrepresentation factor to 

one. Data quality and quantity are both important in arriving at correct conclusions. Owing to 

large sample size narrower confidence interval was chosen.  

A normal distribution of binomial is assumed, so both subsets must include a sample size 

of at least 20 to allow concluding significance. Usually, this indicates well over 99 percent 
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confidence that the difference is significant. Using a high degree of confidence and disallowing 

the low sample size significantly improves the chances of finding important differences. 

There are two components to an overrepresentation: 

1) The degree or magnitude of the overrepresentation, and 

2) Whether or not the overrepresentation is statistically significant. 

According to the CARE method, the threshold for statistical significance is always at 99 

percent level; the user is allowed to set the threshold for the magnitude of the overrepresentation. 

This statistical significance is based on a sample size of 20 or more. The default 

overrepresentation threshold used by the CARE researchers is 1.5 and that for under 

representation is 0.667, these numbers mean that an attribute can be said to be over or under 

represented only if there the value is 50 percent more or less than the observed. Attribute values, 

which are both high in magnitude and statistically significant, are substantially overrepresented. 

Under representation data values typically represent values for which there is no problem. 

Overrepresentations often indicate problems that must be addressed through countermeasures. 

The concept of overrepresentation can be better understood from the various results obtained 

using the same. This simple tool is very important in making decisions with little or no statistical 

training. 

The researchers in this project have extended the concept of overrepresentation to fit the 

data set. Since in some cases the sample sizes are less than 20, the statistical significance is 

computed at 95 % level. And, confidence interval is constructed for the overrepresentation 

factors. 

As discussed earlier the overrepresentation factor was computed for various crash sub-

types as follows: 

ROR_OF = ROR_ST 

=NO_ROR_ST 
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Where: 

ROR_OF= Run off road overrepresentation factor 

ROR_ST = Percent of crash subtype (e.g. crashes in county, day of week, etc.) involving 

run off road  

NON_ROR_ST = Percent of crash subtype involving non runoff crashes 

 

A ROR_OF of 1.0 indicates that runoff road occur in the crash subtype at the same rate as 

they do in the non-non runoff road. A number higher than one means that run off road crashes 

are more likely crash subtype; this means SUV’s are overrepresented in rollover crashes. On the 

other hand, if the ROR_OF is less than one it means that runoff road crashes are 

underrepresented for the crash subtype. This factor is very useful in differentiating trends 

between the crash type of run off road and non-run off road crashes. However, the reliability of 

this factor depends on the sample sizes of the two subsets in consideration. The lesser the sample 

size, the less significant the result. Using a high degree of confidence and disallowing the low 

sample size significantly improves the chances of finding important differences. 

Here, the research evaluates the trends and pattern of rollovers from the run off road and 

non run off road crashes.. Sometimes the conclusions are not obvious, especially with low 

sample sizes. In order to draw appropriate conclusions and substantiate them, statistical inference 

tools like hypothesis test and confidence interval deemed useful. Confidence intervals quantify 

uncertainty in sample estimates of “true” population values. For example, from the sample data 

on run off road, it is found that run off road crashes over on average at 3 times the rate of non-

run off road crashes. It is known that the average run off road crash will not be exactly 3 times 

that of non run off road crash, but how far the sample estimate might be from the “true” average 

rolling rate is qualified by a confidence interval. 

The formula for the confidence interval for the overrepresentation factor (OR) is shown 

below. The relative risk is the ratio of percentage of positive cases from the total population to 

the non-positive cases from the total population. The overrepresentation factor is calculated in a 
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similar way as relative risk. Hence the confidence interval for calculation of relative risk is used 

for calculating the confidence interval for overrepresentation factor. 

This formula is for 95 percent confidence interval: 

 ROR NO ROR 

Rollover A B 

Non-Rollover C D 

 

Upper limit = exp
 (lnOR + 1.96 * SE (lnOR)) 

Lower limit = exp
 (lnOR - 1.96 * SE (lnOR))

 

Where: 

lnOR = Natural Logarithm of Overrepresentation Factor 

SE (lnOR) = Standard Error of the Natural Logarithm of OR 

      = Variance of Natural Logarithm of OR 

      = 
)(

)/(

)(

)/(

DB

BD

CA

AC

+
+

+
 

The value 1.96 is the appropriate t-value from t-distribution corresponding to 95% 

confidence and sample size. Similarly confidence interval can be calculated as shown below 

Min CI = exp
 [ln (OR) - 1.96 * SE (lnOR)]

 

There is a 95 % likelihood that the “true” value of the overrepresentation factor will lay 

between the minimum and maximum values of the 95% confidence interval. If the lower limit of 

the confidence interval is greater than 1, then run off road are overrepresented in the crash 

subtype with 95% confidence. Likewise, if the upper limit is below one, then run off road are 

underrepresented. However, if the value of one is between the upper and lower limits, the data 

does not support either overrepresentation or under representation; either because of too small a 

sample size or an OR factor is too close to one. 
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3.6 Case study 

 All the crash reports were reviewed based on the data obtained from the other 

sources. Video log was the most important tool used for the review of the crashes. To strengthen 

the results obtained and methodology adopted to review the crashes following case studied are 

being shown. The main idea to do the case study is to: 

● to illustrate the case review techniques 

● to determine in qualitative manner, additional factors that contributed to crash 

● focus on roadway contributing factors 

● recommend countermeasure where necessary 

3.6.1 Case study example 1: 

Is a Multiple fatality crash with roadway curvature and is classified as failed to 

negotiate curve 

EEvveennttss::  

  ●●  VV11  eenntteerrss  ccuurrvvee  

  ●●  DD11  lloosseess  ccoonnttrrooll  oonn  ccuurrvvee  

  ●●  VV11  ccrroosssseess  mmeeddiiaann  aanndd  hhiitt  oonnccoommiinngg  vveehhiiccllee  

Roadway characteristics: 

 ● video log showed good roadway surface but no rumble strips on shoulder 

 ● there is no proper drainage on the roadway and resulted in standing water on 

roadway 

 ● drag factor 0.72 

 ● posted speed 65 mph with road curve sign 
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 ● radius of curvature 501.25 feet 

Critical speed calculations: 

 R=501.25 

e=1 

f=0.13 

R
V

2

15 e f+( )
:=

 

V=92.17 mph 

Where : 

  R= Radius of curvature 

  e=Superlevation 

  f=Coefficient of friction 

  V=Critical speed 

Human contributing factors: 

 ● driver age 25 years age 

 ● not restrained 

 ● traveling at 55 mph 

 ● no other human factors contributed in crash 

Environmental contributing factors: 

 ● rain prior to crash 
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 ● weather possibly contributed in crash 

 ● standing water in outside lane 

Factors contributed in crash: 

 ● passenger age 16 years 

 ● not restrained 

 ● no air bag 

Case study conclusion: 

 ● Primary contributing factor: 

  Roadway: 

  ● no proper drainage 

  ● standing water in outside lane 

  ● standing water resulted in hydroplaning 

 ● secondary contributing factor: 

  Environment: 

  ● rain prior to crash and wet pavement 
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Figure 3::    RReeccoonnssttrruuccttiioonn  ddiiaaggrraamm  ccaassee  ssttuuddyy  11 

 

 

 

 

 

 

 

 

 

 

Figure 4:  Video log case study 1 
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3.6.2 Case study example 2 

Is a Multiple fatality crash with roadway curvature and is classified as failed to 

negotiate curve 

EEvveennttss::  

  ●●  VV11  eenntteerrss  lleefftt  ccuurrvvee  

  ●●  DD11  lloosseess  ccoonnttrrooll  oonn  ccuurrvvee  

  ●●  VV11  ccrroosssseess  cceenntteerrlliinnee  aanndd  hhiitt  oonnccoommiinngg  vveehhiiccllee  

Roadway characteristics: 

 ● video log showed rough roadway surface but no rumble strips on shoulder 

 ● drag factor 0.05-0-55 

 ● posted speed 55 mph with road curve sign 

 ● radius of curvature 4230 feet 

Critical speed calculations: 

 R=4230 

e=0.04 

f=0.13 

R
V

2

15 e f+( )
:=

 

V=103.86 mph 

Where: 

  R= Radius of curvature 
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  e= Super-elevation 

  f=Coefficient of friction 

  V=Critical speed 

Human contributing factors: 

 ● driver age 18 years age 

 ● D1 did not sleep for 24 years 

 ● traveling at 65 mph 

 ● D1 felt sleepy as per his statement to investigating officer 

 ● BAC 0.093% 

 ● Driving history 18 points in 18 months 

Environmental contributing factors: 

 ● moderate to heavy fog at the time of crash 

 ● wet road surface  

 ● dark no street lights present 

Factors contributed in crash: 

 ● Driver 1 age 72 years 

 ● not restrained, no air bag 

 ● Passenger 2 age 74 years, not restrained and no air bag 

Case study conclusion: 

 ● Primary contributing factor: Human 
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  ● secondary contributing factor: environment 

  Roadway 

  ● high critical speed despite wet road 

  ● not failure to negotiate curve 

  ● possible overcorrection 

  ● roadway not a contributing factor 

 

 

 

 

 

 

 

 

 

 

 

Figure 5:  Reconstruction diagram case study 2 
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Figure 6:  Video log case study 2 
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CHAPTER 4 

RESULTS 

 

4.1 Data Set 

Table 1 and Table 2 show the distribution of ROR crashes by year and type.  looks only 

at primary ROR crashes, those where leaving the roadway was the first event in the crash, 

followed by any number of events including fixed object impacts, overcorrection, and/or other 

events.  Table 2 also shows the number of secondary ROR crashes, those in which one or more 

vehicles left the roadway after another event, including impact with another vehicle, a pedestrian, 

and/or an obstruction in the roadway.  As shown in Table 2, another 15 percent of the crashes 

involved running off the road as a secondary event.  These crashes, because they are not primary 

ROR crashes, are considered only in certain parts of the study where crash outcomes are 

investigated. 

 

Table 1:  ROR Crashes by Crash Year 

1998 1999 2000 
 

(Heavy Trucks) (Heavy Trucks) (All Cases) 
Total 

No. of ROR 
Crashes 

41 39 598 678 

No. of Vehicles in 
ROR Crashes 

41 41 604 686 

 

Table 2:  Distribution of Primary and Secondary ROR crashes 

Crash Type Sub Type Number Percent 

Primary 678 32.60% 
Run Off Road Crashes 

Secondary 322 15.48% 

Other 1080 51.92% 

Total Crashes 2080 100.00% 
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Table 3 looks at the primary crash types of ROR crashes, according to the coding scheme 

described in Chapter 4.  Approximately 50 percent of the ROR crashes involved a departure to 

the right of a mainline road, with about one-third of those involving a loss of control or loss of 

lateral stability.  Another 45 percent of the crashes involved a left roadside departure from the 

mainline, with slightly over half involving a control loss.  About five percent involved departing 

a ramp, and less than one percent involved running straight off the end of the road.   

 

Table 3:  Primary Crash Type of ROR Crashes 

Crash 
Type Code 

Crash Type Number Percent 

20 Right side departure 228 33.7% 

21 Right side departure w/control loss 109 16.0% 

22 Left side departure 142 20.9% 

23 Left side departure w/control loss 162 24.0% 

24 Straight/End of pavement 5 0.7% 

25 Ramp departure 32 4.7% 

 Total 678 100.0% 

 

Table 4 examines both the primary and secondary crash type of ROR crashes.  It is 

apparent from the chart that the majority of the ROR crashes had no second crash type code.  

Those with significant number of occurrences include head-on collisions after left side 

departures (3.5%) and left side departures with control loss (6.5%).  

 

Table 4:  Primary and Secondary Crash Type of ROR Crashes 

Primary Crash Type 
Secondary Crash 
Type 

Number Percent 

No second code 175 25.8% 

Pedestrian 14 2.1% 

Rear impact 20 2.9% 

Sideswipe 2 0.3% 

Head-on 14 2.1% 

Right side departure 

Turning/evasive 3 0.4% 
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Table 4:  Continued 

No second code 91 13.4% 

Pedestrian 3 0.4% 

Rear impact 5 0.7% 

Sideswipe 2 0.3% 

Head-on 0 0.0% 

Right side w/control 
loss 

Turning/evasive 8 1.2% 

No second code 101 14.9% 

Pedestrian 4 0.6% 

Rear impact 5 0.7% 

Sideswipe 7 1.0% 

Head-on 24 3.5% 

Left side departure 

Turning/evasive 1 0.1% 

No second code 110 16.2% 

Pedestrian 1 0.1% 

Rear impact 3 0.4% 

Sideswipe 0 0.0% 

Head-on 44 6.5% 

Left side w/control 
loss 

Turning/evasive 4 0.6% 

Straight/end of pavement 5 0.7% 

No second code 28 4.1% 

Sideswipe 3 0.4% Ramp departure 

Head-on 1 0.1% 

Total 678 100.0% 

 

The investigating agency is responsible for the investigating the crashes; the source of 

over 80 percent of the ROR crashes were investigated by Florida Highway Patrol. For crashes 

investigated by the Florida Highway Patrol, traffic homicide reports were obtained, which are the 

most complete source of information on the crash. Therefore, the data used for the study of run 

off road crashes can be considered good and complete. For other crash reports obtained from 

Sheriff’s offices and city police department, efforts were made to obtain the traffic homicide 

report but very few reports were obtained.  Other source like RCI and video logs were viewed to 

obtain as much information related to the crash as possible. 

 

 

 

28 



 

Table 5:  Distribution of ROR Crashes by Investigating Agency 

Investigating Agency Number Percent 

Florida Highway Patrol 553 81.56% 

City Police Department 88 12.98% 

Sheriff’s Office 37 5.46% 

Total 678 100.00% 

 

Table 6 shows the distribution of ROR crashes by county.  This information gives us an 

idea where most of the run off road crashes occurred. This is important to know as Florida is a 

large state where a large number of people travel year-round because of tourism, and therefore 

there are certain area like beaches and big cities where the traffic volume is very high. Counties 

like Hillsborough, Duval, Orange, Broward, and Dade have the highest number of ROR crashes. 

Each of these counties has more then 5% of the ROR crashes with Broward counties at the top 

with almost 11% of the crashes. All these counties are located on the southern coastal areas of 

the state of Florida where traffic volume round the year is heavy.  However, looking at the 

overrepresentation factor, one can see that a number of more rural counties with smaller 

populations are over represented in ROR crashes.  Collier, Holmes, Jefferson, and Indian River 

counties have the highest overrepresentation factor, indicating the highest ratio of ROR crash 

involvement to other crash involvement.  These counties have relatively few crashes, but high 

concentrations of ROR crashes, especially on stretches of rural interstates running through the 

counties.  Combining both pieces of information, the highest gains from reducing the rate of 

ROR crashes to the rate of other crashes in the county would come from ROR crash reductions 

in Collier, Broward, and Indian River counties.  Figure 7 shows all of the ROR crashes plotted 

by their location of crash using GIS, and Figure 8 shows the distribution of ROR crashes by 

counties. All the counties with very high concentration of crashes can be seen in Figure 8 
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Table 6:  Distribution of ROR and No ROR crashes by county 

County ROR % ROR No ROR % No ROR ORF Max Gain 

CHARLOTTE 4 0.59% 24 1.71% 0.345 N/A 

CITRUS 5 0.74% 11 0.78% 0.940 N/A 

COLLIER 27 3.98% 14 1.00% 3.988 20 

DESOTO 3 0.44% 7 0.50% 0.886 N/A 

GLADES 0 0.00% 7 0.50% 0.000 N/A 

HARDEE 3 0.44% 5 0.36% 1.241 1 

HENDRY 1 0.15% 2 0.14% 1.034 0 

HERNANDO 5 0.74% 7 0.50% 1.477 2 

HIGHLANDS 5 0.74% 18 1.28% 0.574 N/A 

HILLSBOROUGH 37 5.46% 99 7.06% 0.773 N/A 

LAKE 13 1.92% 24 1.71% 1.120 1 

LEE 16 2.36% 40 2.85% 0.827 N/A 

MANATEE 9 1.33% 32 2.28% 0.582 N/A 

PASCO 15 2.21% 40 2.85% 0.775 N/A 

PINELLAS 16 2.36% 65 4.64% 0.509 N/A 

POLK 23 3.39% 87 6.21% 0.547 N/A 

SARASOTA 14 2.06% 24 1.71% 1.206 2 

SUMTER 9 1.33% 15 1.07% 1.241 2 

ALACHUA 15 2.21% 24 1.71% 1.292 3 

BAKER 3 0.44% 6 0.43% 1.034 0 

BRADFORD 5 0.74% 8 0.57% 1.292 1 

COLUMBIA 7 1.03% 11 0.78% 1.316 2 

DIXIE 0 0.00% 4 0.29% 0.000 N/A 

GILCHRIST 1 0.15% 2 0.14% 1.034 0 

HAMILTON 1 0.15% 3 0.21% 0.689 N/A 

LAFAYETTE 0 0.00% 2 0.14% 0.000 N/A 

LEVY 3 0.44% 13 0.93% 0.477 N/A 

MADISON 3 0.44% 6 0.43% 1.034 0 

MARION 7 1.03% 27 1.93% 0.536 N/A 

SUWANNEE 1 0.15% 7 0.50% 0.295 N/A 

TAYLOR 4 0.59% 7 0.50% 1.182 1 

UNION 0 0.00% 2 0.14% 0.000 N/A 

BAY 5 0.74% 15 1.07% 0.689 N/A 

CALHOUN 3 0.44% 4 0.29% 1.551 1 

ESCAMBIA 7 1.03% 26 1.85% 0.557 N/A 

FRANKLIN 3 0.44% 2 0.14% 3.102 2 

GADSDEN 1 0.15% 7 0.50% 0.295 N/A 

GULF 1 0.15% 1 0.07% 2.068 1 

HOLMES 5 0.74% 1 0.07% 10.339 5 
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Table6:  Continued 

JACKSON 4 0.59% 11 0.78% 0.752 N/A 

JEFFERSON 8 1.18% 2 0.14% 8.271 7 

LEON 14 2.06% 16 1.14% 1.809 6 

LIBERTY 0 0.00% 0 0.00% N/A N/A 

OKALOOSA 6 0.88% 15 1.07% 0.827 N/A 

SANTA ROSA 8 1.18% 5 0.36% 3.309 6 

WAKULLA 3 0.44% 5 0.36% 1.241 1 

WALTON 7 1.03% 6 0.43% 2.412 4 

WASHINGTON 1 0.15% 4 0.29% 0.517 N/A 

BREVARD 26 3.83% 36 2.57% 1.493 9 

CLAY 2 0.29% 10 0.71% 0.414 N/A 

DUVAL 34 5.01% 51 3.64% 1.379 9 

FLAGLER 4 0.59% 6 0.43% 1.379 1 

NASSAU 7 1.03% 9 0.64% 1.608 3 

ORANGE 34 5.01% 53 3.78% 1.327 8 

PUTNAM 3 0.44% 11 0.78% 0.564 N/A 

SEMINOLE 4 0.59% 20 1.43% 0.414 N/A 

ST. JOHNS 13 1.92% 16 1.14% 1.680 5 

VOLUSIA 14 2.06% 43 3.07% 0.673 N/A 

BROWARD 74 10.91% 100 7.13% 1.530 26 

DADE 43 6.34% 140 9.99% 0.635 N/A 

INDIAN RIVER 14 2.06% 5 0.36% 5.790 12 

MARTIN 15 2.21% 15 1.07% 2.068 8 

MONROE 5 0.74% 19 1.36% 0.544 N/A 

OKEECHOBEE 6 0.88% 6 0.43% 2.068 3 

OSCEOLA 10 1.47% 22 1.57% 0.940 N/A 

PALM BEACH 31 4.57% 67 4.78% 0.957 N/A 

ST. LUCIE 8 1.18% 10 0.71% 1.654 3 

Total 678  1402    
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Figure 7:  ROR Crashes in Florida 
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Figure 8:  Distribution of ROR Crashes by County 

 

Table 7 gives the distribution of run off road and non-run off road crashes by geographic 

location. This was important to know because roadway characteristic typically change from rural 

to urban locations.  Table 7 shows that ROR crashes are over represented on rural roads, 

although not quite by a factor of 1.5, and underrepresented on suburban roads.  Run off road 

crashes by crash location has been examined in more detail in the section on roadway 

characteristics. 
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Table 7:  Distribution of ROR Crashes by Geographic Location 

 Rural Urban Suburban Unknown 

ROR Crashes 328 251 98 1 

Non- ROR Crashes 465 540 389 8 

Over-representation Factor 1.459 0.961 0.521 0.258 

Min CI 1.346 0.843 0.458 0.054 

Max CI 1.718 1.089 0.667 2.159 

Level Over Unsure Under Unsure 

 

The distribution of ROR crashes by month of the year is shown in Table 8.  While just 

looking at the distribution of ROR crashes shows a great variation in the rate of ROR throughout 

the year, with May having almost twice the number of ROR crashes as February, the 

overrepresentation factors show that February is the only month in which ROR crashes are 

highly underrepresented, and that there are no months in which ROR crashes are highly over 

represented.  However, Figure 9 does show a marked decrease in representation of ROR crashes 

in the months of January, February, and, March, where there are higher rates of non-run off the 

road crashes as compared to run off road crashes.  One potential reason for this is that many non-

residents visit the state during those months, especially older drivers from northern regions of the 

country.  Older drivers are more likely to be involved in intersection crashes and less likely to be 

involved in primary ROR crashes.  The highest rates of intersection crashes, crashes involving 

older drivers, and crashes involving non-residents occur during February and March, when the 

rates of ROR crashes are the lowest.  

 

Table 8:  Distribution of ROR Crashes by Month of Year 

ROR Non-ROR 
Month 

Number Percent Number Percent 
ORF Min CI Max CI Level 

Jan 51 7.5% 128 9.1% 0.824 0.603 1.125 Unsure 

Feb 44 6.5% 139 9.9% 0.655 0.472 0.907 Under 

Mar 56 8.3% 153 10.9% 0.757 0.565 1.014 Unsure 

Apr 65 9.6% 118 8.4% 1.139 0.854 1.520 Unsure 

May 81 12.0% 130 9.3% 1.288 0.992 1.674 Unsure 

Jun 56 8.3% 89 6.4% 1.301 0.943 1.794 Unsure 
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Table8:  Continued 

Jul 49 7.2% 89 6.4% 1.138 0.813 1.594 Unsure 

Aug 55 8.1% 122 8.7% 0.932 0.687 1.264 Unsure 

Sep 51 7.5% 97 6.9% 1.087 0.784 1.507 Unsure 

Oct 58 8.6% 114 8.1% 1.052 0.777 1.424 Unsure 

Nov 45 6.6% 104 7.4% 0.895 0.638 1.254 Unsure 

Dec 67 9.9% 119 8.5% 1.164 0.876 1.548 Unsure 

Total 678 100.0% 1402 100.0% 1    
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Figure 9:  Distribution of ROR Crashes by Month 

 

Table 9 shows the number of vehicle involved in the ROR crashes.  The data set shows 

that over 70 percent of the crashes involved only single vehicle and rest all other run off road 

crashes involved multiple vehicles.  Multi-vehicle run off road crashes include those where the 

second vehicle was on the shoulder, those where the vehicle crossed a grass median to impact an 

oncoming vehicle, and those where the vehicle overcorrected back onto the road resulting in a 

vehicle-vehicle impact.  Table 9 shows a small number of crashes involving four or more 
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vehicles; these are multi-vehicle pile up crashes, typically on rural interstate highways.  Most of 

the two vehicle crashes are crashes where vehicle crossed the grass median and hit an oncoming 

vehicle or, after over correction, hit a vehicle moving in the same direction. 

 

Table 9:  Distribution of ROR Crashes by Number of Vehicles Involved 

Number of Vehicles ROR 
Crashes 1 2 3 4 5 6 10 Total 

Number 478 113 59 16 7 4 1 678 

Percent 70.50% 16.67% 8.70% 2.36% 1.03% 0.59% 0.15% 100.00% 

 

Table 10 shows direction in which the vehicles initially ran off the road. This distribution 

is helpful in knowing other trends in crashes like fixed objects, overcorrection and other roadway 

related issues, which are discussed in detail later in the report.  Table 10 shows that vehicles ran 

off the road to the right and left in fairly equal proportions.  Running straight off the road, as in at 

the end of the pavement at a T-intersection, was much less common.  Note that the total number 

of vehicles that ran off the road is slightly higher than the total number of ROR crashes because, 

in a few cases, two or more vehicles left the roadway during the same crash without first 

impacting a pedestrian, obstruction, or another vehicle; that is, the crash consisted of two or more 

separate primary ROR events. 

 

Table 10:  Distribution of ROR Vehicles by ROR Direction 

ROR Direction Number Percent 

Right 353 51.46% 

Left 326 47.52% 

Straight 7 1.02% 

Total 686 100.00% 
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4.2 Crash Contributing Factors 

This section of the report looks at the combination of internal or external factors that 

were deemed to have contributed to the ROR crashes.  Numerous factors contributing to the 

occurrence of run off road crashes were identified from the information provided by the crash 

report and traffic homicide report, as well as other sources of information.  As with other types 

of crashes, four important classes of crash contributing factors were identified for the study of 

ROR crashes: Human, Environment, Vehicle, and Roadway.  These contributing factors are 

prioritized as primary, secondary and tertiary contributors to the crash.  Primary crash 

contributing factors are the primary reason that the crash occurred.  Secondary and tertiary crash 

contributing factor are those factors that additionally contributed or might have contributed to the 

crashes; however, without the primary factor, the crash usually would not have taken place.  

Table 11 shows that human factors make up the highest percentage of the crash contributing 

factors in ROR crashes. Human factors make up almost 87 percent of the primary crash 

contributing factors.  This figure is not surprising, as most crashes would not occur without some 

human error; however, the idea is to look into the other crash contributing factors including 

roadway, vehicle and environmental factors.  Indeed, human factors make up fewer than half of 

the tertiary contributing factors, and roadway factors make up over 27 percent of the tertiary 

factors.  Note that about one-third of the crashes have no secondary factor identified, and two-

thirds have no tertiary factor.   

 

Table 11:  Distribution of ROR Crashes by Contributing Factor Classes 

Factor Class Sub Class Number Percent 

Human 588 86.73% 

Environment 17 2.51% 

Vehicle 50 7.37% 

Roadway 23 3.39% 

Primary 

Total 678 100.00% 

Human 351 76.14% 

Environment 34 7.38% 

Vehicle 25 5.42% 

Roadway 51 11.06% 

Secondary 

Total 461 100.00% 

Tertiary Human 107 48.42% 
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Table11:  Continued 

Environment 42 19.00% 

Vehicle 12 5.43% 

Roadway 60 27.15% 

Total 221 100.00% 

Tertiary 

   

 

Table 12 shows the entire set of crash contributing factors considered in the study.  As 

has been discussed above, the human factors contribute the highest percentage of all the crash 

contributing factors.  From the table, a general trend of alcohol/drug use as the most common 

human contributing factor can be seen.  In a small number of crashes where alcohol was 

involved, the BAC% was below the legal limit in the State of Florida of 0.08%.  In such cases it 

is difficult to ascertain if alcohol has really been a primary factor in such crashes. In such cases, 

other contributing factors become very important in establishing the real contributing factor 

behind the crash.  The degree of alcohol use in ROR crashes is discussed in more detail below.  

Speed also appears as a major issue; again, there are many other factors associated with speed, 

including alcohol/drug use, mental state, aggression and other related factors.  This is why speed 

is often seen as a secondary contributing factor, with one of the related factors identified as the 

primary contributor.  When grouped together, speed is almost as common as alcohol/drug use, 

each occurring in 35 to 40 percent of the cases.  Abrupt steering input, due to overcorrection 

after leaving the roadway, evasive maneuvers, or other driver actions, occurred in 32 percent of 

the cases, primarily as a secondary or tertiary factor. 

The most common environmental factor in the ROR crashes was wet or slippery roads, 

which occurred in 78 of the ROR crashes, less than 12 percent.  (Wet roads have been defined to 

be an environmental factor, generally related to rain, while standing water on roads generally is a 

drainage or maintenance issue, thus is classified as a roadway factor.)  The most common vehicle 

factor was a tire blowout/tread separation, which was a contributing factor in 50 cases and the 

primary factor in 41 cases (six percent). 

The most common roadway factor identified in the fatal ROR crashes was roadway 

curvature, followed by presence of an access point.  Each of these occurred in less than seven 

percent of the cases.  As stated previously, the statement that curvature or access points 
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contributed to the crash does not indicate that the roadway design is poor or insufficient in any 

way.  It merely indicates that the roadway feature was involved in and contributed to the crash, 

in the opinion of the case reviewer.  Access points were typically involved when a merging or 

turning vehicle either ran off the road or contributed to another vehicle running off the road.  

Curvature was mentioned when a vehicle failed to negotiate the curve.  However, curvature 

shows up most frequently as a tertiary factor because drivers who failed to negotiate the curve 

were typically speeding and/or under the influence of alcohol or drugs, or the road surface was 

wet due to rain. 

While human, vehicle, and environmental factors are temporal and exist only at the time 

of the crash, roadway factors, if present, certainly need to be corrected because they are, for the 

most part, constantly present and potential crash contributors in the future. As roadway issues 

need in depth study, a large number of roadway-related issues are examined in more detail in 

subsequent parts of this chapter, including roadway curvature, fixed objects on roadside, 

usefulness of guardrails and attenuators, change in roadway geometry, presence of rumble strips, 

and other issues. 

 

Table 12:  Distribution of ROR Crashes by Crash Contributing Factors 

Class Factor Primary Secondary Tertiary Total 

Alcohol 182 10 3 195 

Drugs 31 10 2 43 

Confusion 2 4 0 6 

Police Pursuit 2 2 1 5 

Aggression 11 5 1 17 

Decision Error 12 12 4 28 

Distraction 11 4 1 16 

Medical 25 7 0 32 

Alcohol and Drugs 26 0 0 26 

Abrupt Steering Input 57 106 53 216 

Inattention 39 44 13 96 

Fatigue/Asleep 38 5 2 45 

Speed 95 131 17 243 

Age 0 7 5 12 

Inexperience 1 2 3 6 

Human 

Mental/Emotional 1 8 0 9 

Environment Smoke/Fog 1 2 3 6 
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Table12:  Continued 

Dark 0 1 7 8 

Wind 1 0 0 1 

Wet/Slippery 15 32 31 78 
Environment 

Defect 6 0 0 6 

Disabled 0 6 5 11 

Stability 0 4 0 4 

Trailer 0 2 1 3 

Jackknifed 0 2 1 3 

Load shift/Fall 3 1 2 6 

Tire 41 8 1 50 

Vehicle 

Lighting 0 0 2 2 

Congestion 1 3 6 10 

Obstruction 3 3 0 6 

Access Point 9 14 16 39 

Construction 1 6 3 10 

Shoulder 0 0 4 4 

Transition 0 0 1 1 

Curvature 3 14 29 46 

Standing Water 5 4 2 11 

Maintenance 0 4 0 4 

Obstructed View 0 1 0 1 

Sight Distance 1 0 1 2 

Roadway 

55 0 0 55  

     

 

Primary crash contributing factor were examined according to the drivers’ ages.  As 

human factors contribute the most in the crashes, the idea was to see whether the age of the 

driver involved in the ROR crash has some relation to the primary factor contributing to the 

crash.  Table 13 shows that younger driver make up the highest percentage of crashes where 

alcohol/drug use, abrupt steering input, and speed are the primary crash contributing factors, but 

for the drivers of age 45 and above, the number is quite substantial as well.  Table shows an 

increase in medical issues as a crash-contributing factor where drivers of age 65 and above are 

involved.  To properly evaluate this information, one must consider the ages of drivers involved 

in ROR and other crashes.  For additional information, refer to Table 1.4.1, which shows that 

around 50 percent of ROR crashes involved drivers between 15 to 35 years old, and more than 

27% of the crashes involved drivers between 15 and 25 years old.  
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Table 13:  Distribution of Primary Crash Contributing Factor by ROR Driver’s Age 

Driver Age 
Factor Class Factor Detail 

15-24 25-34 35-44

Confusion 0 1 1 0 0 

Police Pursuit 1 0 1 0 0 

Aggression 6 3 0 0 0 

Decision Error 2 2 0 1 2 

Distraction 1 3 2 1 1 

1 0 5 5 2 12 

Alcohol and/or Drug 56 71 56 35 9 7 

Steering Input 18 9 10 7 9 

Inattention 12 7 5 7 5 

Fatigue/Asleep 10 9 6 3 4 

Speed 45 21 8 4 7 

Age 0 0 0 0 0 

Inexperience 0 0 0 0 0 

Human 

1 0 0 0 0 0 

Fog 0 0 0 0 0 1 

Lighting 0 0 0 0 0 

Dark 0 0 0 0 0 

Wind 0 0 0 1 0 

Wet/Slippery 5 3 

45-54 55-64 >65 

0 

0 

2 

3 

2 

Medical 

4 

4 

6 

13 

0 

1 

Mental/Emotional 

0 

0 

0 

Environment 

5 1 0 1 

Defect 1 1 1 1 

0 0 0 0 0 

Stability 0 0 0 0 0 

Trailer 0 Vehicle 

2 0 

Disabled 0 

0 

0 0 0 0 0 

Jackknifed 0 0 0 0 0 

Load shift/Fall 1 1 2 0 1 

Tire 13 9 5 2 4 

Congestion 0 0 0 1 0 

Obstruction 1 1 0 1 0 

3 1 2 1 1 1 

Construction 0 0 1 0 0 0 

Shoulder 0 0 0 0 0 

Transition 0 0 0 0 Roadway 

0 

0 

8 

0 

0 

Access Point 

0 

0 0 

Curvature 0 1 0 0 2 

Standing Water 2 2 0 0 0 

Maintenance 0 0 

0 

1 

0 0 0 0 

Obstructed View 0 0 0 0 0 0 

Sight Distance 0 0 1 0 0 0 

Unknown  11 10 5 7 13 7 
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4.3 Driver Characteristics 

In the study, it has been found that driver behavior caused or contributed to at least 85 

percent of the crashes investigated. Various driver characteristics have been considered to find 

out about the driver as a factor in ROR crashes.  The main idea behind identifying the driver 

behaviors that led to collisions between passenger vehicles and large trucks or other vehicles is 

to develop counter measures to further reduce the incidence and severity of these crashes.  It is 

expected that countermeasures addressing driver behavior will primarily be educational or 

enforcement in nature.   

Table 14 examines fault in the ROR crashes.  As evident from the table, almost all of the 

drivers who ran off the road were found to be at fault in the resulting crashes.  Those who were 

not found at fault typically ran off the road to avoid a vehicle turning or merging into their path 

with insufficient headway; these vehicles were often phantom vehicles.  In one case, the CMV 

trailing the ROR driver was found to be at fault for following too closely, thereby not allowing 

the overcorrecting driver to regain control of his vehicle.  A few cases of dual fault were noted, 

including a case where a phantom vehicle ran a red light causing a drunk driver to run off the 

road, and a case where two vehicles were racing, causing one to run off the road.  Because of the 

high rate of fault in the ROR drivers, all other charts that examine ROR drivers are basically 

identical to charts examining at-fault drivers in ROR crashes.   

 

Table 14:  Fault in ROR Crashes 

At fault Number Percent 

Yes 663 96.4% 

No 25 3.6% 

Total 688 100.0% 

 

Table 15 examines the age of drivers who ran off the road.  It shows that drivers aged 15 

to 24 are highly over represented in ROR crashes.  Overrepresentation in ROR crashes generally 
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decreases as drivers get older.  Although few of these numbers are at significant levels, note that 

the maximum confidence intervals for drivers in the age groups of 35-44, 55-64, and 65-74 are 

only slightly above 1.0.  This means that we can be reasonably confidant that drivers above age 

35 are underrepresented in ROR crashes.   

 

Table 15:  Distribution of Run off Road Crashes by Driver’s Age 

ROR Drivers No ROR Drivers 
Age 

Number Percent Number Percent 
ORF Min CI Max CI Level 

<15 0 0.00% 0 0.00% 0.00 N/A N/A N/A 

15-24 188 27.41% 488 15.53% 1.77 1.521 2.037 Over 

25-34 146 21.28% 605 19.25% 1.11 0.940 1.306 Unsure 

35-44 123 17.93% 661 21.03% 0.85 0.709 1.014 Unsure 

45-54 83 12.10% 523 16.64% 0.73 0.592 0.905 Under 

55-64 50 7.29% 293 9.32% 0.78 0.613 1.042 Unsure 

65-74 32 4.66% 198 6.30% 0.74 0.551 1.064 Unsure 

75-84 20 2.92% 161 5.12% 0.57 0.398 0.920 Under 

85-94 5 0.73% 54 1.72% 0.42 0.202 1.088 Unsure 

95-104 0 0.00% 2 0.06% 0.00 N/A N/A N/A 

Unknown 39 5.69% 158 5.03% 1.13 0.832 1.485 Unsure 

Total 686 100.00% 3143 100.00% 1.00    

 

Table 16 shows the variation in crash type by driver gender.  The table shows that male 

drivers make up a much higher percent of ROR drivers.  However, because males make up such 

a high percent of all drivers in fatal crashes, overrepresentation factors for males and females are 

very close to one.  Neither result is statistically significant because confidence intervals (not 

shown in the figure) include one.   

 

Table 16:  Distribution of Run off Road Crashes by Driver Gender 

ROR Drivers No ROR Drivers 
Gender 

Number Percent Number Percent 
ORF 

Male 500 72.89% 2289 72.83% 1.001 

Female 176 25.66% 712 22.65% 1.133 
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Table16:  Continued 

Unknown 10 1.46% 142 4.52% 0.323 

Total 686 100.00% 3143 100.00% 1.000 

  

Table 17 and Figure 10 examine alcohol use by the ROR drivers. According to Florida 

statutes for alcohol use while driving, the acceptable limit is 0.08 mg/dl or 0.08%.  To investigate 

the effect of varying degrees of alcohol use by the driver and its influence on driver, alcohol use 

was divided into various categories in reference to this limit.  Further, because of differences in 

reporting, certain BAC values were reported only as “greater than 0.08” or “greater than 0.00,” 

without an exact value.  The latter category also includes drivers where the evidence indicated 

that they were drinking (odor of alcoholic beverage, eyewitness accounts, etc.), but where no 

BAC test result was available.  Finally, a number of drivers were deemed to have not been 

drinking, either through examination at the crash scene using various field sobriety instruments 

or because of age or other factors, but were not actually subjected to a toxicology screening test.  

These drivers are listed with a BAC of “0.00 presumed” to differentiate them from those who 

were tested are proven to have a BAC of 0.00 mg/dl.  However, these two groups are also 

combined to enable a more even comparison with other (non-ROR) drivers.   

Table 17 shows that ROR drivers are highly over represented in having a test result of 

0.00 mg/dl, but underrepresented in being presumed not to be drinking.  This occurs because 

toxicology screens are a standard component of the autopsy conducted on traffic fatalities, and a 

much higher percent of ROR drivers died than other drivers because of the high rate of single 

vehicle ROR crashes.  When these two results are combined, as shown in the shaded row, ROR 

drivers are underrepresented in being completely sober.  Accordingly, ROR drivers are over 

represented in all major (greater than one percent of all ROR drivers) categories of alcohol use.  

While only 52 percent of ROR drivers are completely sober, over 18 percent have BAC values 

over twice the legal limit.  Over five percent have values greater than zero but under the legal 

limit, a number that is highly over represented when compared to all other drivers.  This alcohol 

presence, though less than the legal limit, may have influenced the normal faculties of the driver.  

Another possibility is that there is sometimes a significant delay between the crash and the 

actually BAC test, meaning that some drivers might have been over the prima facie limit for 
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impairment at the time of the crash, even though the toxicology result is somewhat less than 0.08 

mg/dl.  Figure 10 shows these results graphically.  

 

Table 17:  Distribution of ROR Crashes by Alcohol Use 

ROR Driver No ROR Driver 
Alcohol Use 

Number Percent Number Percent 
ORF Min CI Max CI Level 

0.00 Tested 276 40.09% 764 24.31% 1.797 1.570 2.057 Over 

0.00 Presumed 83 12.10% 1348 42.89% 0.231 0.185 0.287 Under 

0.00 (Tested & 
presumed) 

358 52.19% 2112 67.20% 0.601 0.525 0.687 Under 

< Limit 38 5.54% 52 1.65% 2.436 1.894 3.133 Over 

1-2 X Limit 45 6.56% 103 3.28% 1.746 1.355 2.250 Over 

2-3 X Limit 94 13.70% 102 3.25% 2.943 2.499 3.466 Over 

3-4 X Limit 33 4.81% 41 1.30% 2.564 1.971 3.337 Over 

>4 X Limit 3 0.44% 15 0.48% 0.930 0.330 2.619 Unsure 

> 0 3 0.44% 6 0.19% 1.864 0.738 4.708 Unsure 

> Limit 1 0.15% 1 0.03% 2.793 0.697 11.188 Unsure 

UK 110 16.03% 655 20.84% 0.765 0.634 0.923 Under 

Total 686 100.00% 3143 100.00% 1.000    
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Figure 10:  Distribution of ROR Drivers by Alcohol Use  
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It was speculated that the number of occupants might have an effect on the number of 

ROR crashes, either through solo drivers falling asleep at the wheel or through inattentiveness by 

drivers when there are many occupants in the car.  Table 18 shows that most (58%) of the 

vehicles involved in ROR crashes had only one occupant.  However, because a higher percent of 

vehicles in other crash types had only one occupant, this number is slightly overrepresented.  On 

the other hand, ROR crashes are more common with greater than two occupants in the vehicle.  

When all crashes with more than two occupants are combined, ROR is overrepresented by a 

factor of 1.578, which is statistically significant.  This potentially indicates that greater than two 

occupants is a distraction that might lead to increased numbers of ROR crashes.   

 

Table 18:  Distribution of ROR Vehicles By Number of Occupants 

ROR Vehicle No ROR Vehicle No. Of 
Occupants Number Percent Number Percent 

ORF Min CI Max CI Level 

1 399 58.16% 2007 63.86% 0.91 0.717 0.943 Under 

2 150 21.87% 647 20.59% 1.06 0.904 1.254 Unsure 

3 53 7.73% 144 4.58% 1.69 1.213 1.964 Over 

4 24 3.50% 85 2.70% 1.29 0.863 1.773 Unsure 

5 16 2.33% 38 1.21% 1.93 1.100 2.533 Over 

6 3 0.44% 18 0.57% 0.76 0.279 2.276 Unsure 

7+ 8 1.17% 17 0.54% 2.16 1.010 3.192 Over 

All >2 104 15.16% 302 25.62% 1.578 1.283 1.941 Over 

Unknown 33 4.81% 187 5.95% 0.81 0.601 1.144 Unsure 

Total 686 100.00% 3143 100.00% 1.00    

 

Table 19 shows the distribution of ROR vehicles by posted speed.  About two-thirds of 

the ROR crashes occur on roads with speed limits of 55 and above.  Speeds could not be 

computed for about 10 percent of the cases, and several cases involved ramps with no posted 

limit.  For cases where the ROR vehicle speed was known, speeding in an issue in a large 

number of ROR crashes.  In addition, speeding is a larger problem on roads with higher posted 

speed limits.  For roads with posted speeds of 65 mph and above, about one-third of all ROR 

crashes involved vehicles traveling at least 10 mph over the limit.  For roads with posted speeds 
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of 40 mph and below, about half as many ROR crashes involved speeding vehicles.  Table 20 

provides a little more detail on the degree of speeding in ROR crashes.   

 

Table 19:  Distribution of ROR Vehicles by Speed 

Posted 
Speed 

Number 
at or 

below 
posted 
speed 

Number 
above 
posted 
speed 

Percent 
above 
posted 
speed 

Number
>10 

above 
posted 
speed 

Percent 
>10 

above 
posted 
speed 

Total 
Vehicles 

40- 12 32 13.01% 21 16.41% 65 

45-50 19 45 18.29% 27 21.09% 91 

55-60 75 71 28.86% 39 30.47% 185 

65+ 130 98 39.84% 41 32.03% 269 

Unknown      76 

Total 236 246 100.00% 128 100.00% 686 

 

Table 20:  Distribution of ROR crashes by Posted Speed and Vehicle Speed 

Vehicle Speed 
Posted 
speed 0-14 15-24 25-34 35-44 45-54 55-64 65-74 75-84 85-94 95-104

105-
114 

115-
124 

125-
134

Uk Total

15 0 0 0 0 0 0 0 0 0 0 0 0 0  0 

20 0 0 0 0 0 0 0 0 0 0 0 0 0  0 

25 0 0 0 0 1 0 1 0 0 0 0 0 0  2 

30 0 0 3 2 0 2 0 1 0 0 0 0 0  8 

35 0 0 1 8 4 4 1 1 1 1 0 0 0  21 

40 0 0 0 4 6 3 4 1 0 1 0 0 0  19 

45 1 1 1 6 31 13 11 3 1 1 1 0 0  70 

50 0 0 0 0 4 3 2 0 0 0 0 0 0  9 

55 0 0 1 2 14 76 25 15 6 2 1 1 1  144

60 0 0 0 0 3 19 6 5 2 1 0 0 0  36 

65 0 0 0 0 4 13 60 15 9 2 0 0 0  103

70 0 0 0 1 1 16 117 48 17 7 0 0 1  208

Uk              66 66 

Total 1 1 6 23 68 149 227 89 36 15 2 1 2 66 686
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4.4 Environmental Characteristics 

As explored previously, relatively few ROR crashes involved environmental contributing 

factors.  Fewer than 12 percent of the ROR crashes occurred on wet or slippery roads, and smoke 

or fog was cited as a contributing factor in about one percent of the ROR crashes.  Table 21 

shows the distribution of ROR crashes by crash type and lighting condition.  Overall, 

approximately 48 percent of the ROR crashes occur during daylight and another 47 percent occur 

during hours of darkness.  Right side departures are somewhat more common during hours of 

darkness, possibly due to correlation with fatigue and alcohol use.   

 

Table 21:  Distribution of ROR Crashes by Crash Type and Lighting Condition 

Crash Type Daylight Dusk Dawn 
Dark (Street 

Light) 
Dark (No 

Street Light) 
Unknown % Dark

Right departure 107 3 7 44 68 1 49% 

Right w/control 
loss 

41 0 4 29 33 0 58% 

Left departure 78 2 5 29 32 0 42% 

Left w/control 
loss 

87 3 4 23 43 1 41% 

Straight 0 0 0 2 3 0 100% 

Ramp 11 0 0 10 3 0 54% 

Total 324 8 20 137 182 2 47% 

Percent 48% 1% 3% 20% 27% 0%  

 

4.5 Roadway Characteristics 

There are several roadway characteristics that might potentially contribute to a ROR 

crash.  This section provides a closer look at a number of those characteristics, including 

roadway curvature, presence of rumble strips and guardrails, location of fixed objects along the 

side of the roadway, distance of the fixed object from the roadway, shoulder characteristics, etc.   

Table 22 looks at the ROR and other crashes by Crash Rate Class Category (CRCC), 

which is a field that categorizes the roadway according to geographic location, facility type, and 

number of lanes.  Road systems in the state of Florida have been divided into many types, but for 
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the convenience of comparison, types of road systems with very few ROR or other crashes were 

grouped together according to just the geographic location.  All road systems with more than five 

ROR crashes or more than 19 other crashes are shown separately.  The data is sorted in 

descending order according to the number of ROR crashes.  Because the CRCC field is not 

reliable with respect to whether a crash occurred on a ramp, those crashes are combined with 

interstate crashes of the same geographic location.   

Examining Table 22, it is evident that over 40 percent of all ROR crashes occur on 

interstates.  ROR crashes are highly over represented on both urban and rural interstates, as well 

as on urban and rural toll roads:  on these four classes of roads, ROR crashes account for 70 

percent of all fatal crashes.  The posted speed is typically higher on interstate rural and urban 

roads than on other road classes therefore speed is often an issue on those classes of road.  In 

many of the ROR crashes on urban limited access roads, access points also contributed to some 

extent.  After interstates, ROR crashes are most common on undivided two to three lane rural 

roads, which accounts for about 12 percent of the ROR crashes, and four to five lane divided 

rural roads with raised medians, which accounts for almost 10 percent of the ROR crashes.  

Although high in number, ROR crashes are slightly underrepresented on these roads as well as 

on suburban two-three lane undivided roads.  ROR crashes are significantly underrepresented on 

most other road classes that have at least 30 fatal crashes altogether.   

 

Table 22:  Distribution of Crashes by Crash Road Class Category 

ROR No ROR 
Road Class 

Num. Percent Num. Percent
ORF Min CI Max CI Level 

Interstate Rural 150 22.1% 76 5.5% 4.043 3.117 5.245 Over 

Interstate Urban 123 18.1% 71 5.1% 3.549 2.690 4.683 Over 

Rural 2-3Ln Undivided 81 11.9% 204 14.7% 0.813 0.640 1.035 Unsure 

Rural 4-5Ln Divided Raised 66 9.7% 139 10.0% 0.973 0.736 1.285 Unsure 

Suburban 2-3Ln Undivided 22 3.2% 59 4.2% 0.764 0.472 1.236 Unsure 

Suburban 4-5Ln Divided 
Raised 

53 7.8% 203 14.6% 0.535 0.401 0.713 Under 

Suburban 6+Ln Divided 
Raised 

14 2.1% 77 5.5% 0.373 0.212 0.653 Under 

Toll Road Rural 24 3.5% 7 0.5% 7.024 3.042 16.220 Over 
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Table22:  Continued 

Toll Road Urban 31 4.6% 19 1.4% 3.343 1.902 5.873 Over 

Urban 4-5Ln Divided Paved 15 2.2% 95 6.8% 0.324 0.189 0.553 Under 

Urban 4-5Ln Divided Raised 10 1.5% 86 6.2% 0.238 0.125 0.456 Under 

Urban 6+Ln Divided Raised 40 5.9% 179 12.9% 0.458 0.329 0.637 Under 

Urban Other Limited Access 12 1.8% 12 0.9% 2.049 0.925 4.536 Unsure 

Urban 6+Ln Divided Paved 4 0.6% 33 2.4% 0.248 0.088 0.698 Under 

Suburban 2-3Ln Divided 
Paved 

3 0.4% 22 1.6% 0.279 0.084 0.930 Under 

Rural 2-3Ln Divided Paved 6 0.9% 21 1.5% 0.585 0.237 1.443 Unsure 

Urban 4-5Ln Undivided 4 0.6% 20 1.4% 0.410 0.141 1.194 Unsure 

Other Rural 3 0.4% 12 0.9% 0.512 0.145 1.809 Unsure 

Other Urban 10 1.5% 27 1.9% 0.759 0.369 1.558 Unsure 

Other Suburban 7 1.0% 27 1.9% 0.531 0.232 1.213 Unsure 

Total 678  1389  1.000    

 

Table 23 and Figure 11 examine the age of the drivers in ROR crashes on the various 

road lessons.  Table 23 shows that a higher number of drivers in the age group of 15-24 ran off 

road on rural interstate then on urban interstates.  In Figure 11, which shows only the road 

classes with significant numbers of crashes, it appears that there is not much difference in the 

distribution of driver ages among the different classes of roads.  In almost every class, the 

youngest drivers have the highest rates of ROR crashes, and the older drivers have much lower 

rates of ROR crashes.  Younger drivers do appear to have lower crash involvement rates on two 

to three lane rural and suburban roads, and higher rates on interstates and other multi-lane roads.  

Aged 25-34 year old drivers have the highest crash rates on suburban two-three lane roads, and 

those aged 35-44 have the highest rates on rural two-three lane roads.  Older drivers are involved 

in ROR crashes at a significantly higher rate on four to five lane urban roads than on other road 

classes.  This might suggest that older drivers have difficulty negotiating busy urban streets.  
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Table 23:  Crash Road Class by ROR Driver’s Age  

Driver Age 
Road Class 

15-24 25-34 35-44 45-54 55-64 65-74 75-84 85+ Total

Interstate Rural 51 33 21 22 11 4 5 0 147 

Interstate Urban 35 31 25 14 13 4 3 0 125 

Rural 2-3Ln Undivided 15 16 19 18 5 5 2 0 80 

Rural 4-5Ln Divided Raised 22 15 10 3 7 4 3 1 65 

Suburban 4-5Ln Divided Raised 15 5 10 10 6 4 2 1 53 

Urban 6+Ln Divided Raised 14 11 6 3 3 1 1 1 40 

Toll Road Urban 7 7 10 4 2 1 0 0 31 

Toll Road Rural 5 6 6 4 0 1 0 1 23 

Suburban 2-3Ln Undivided 3 8 4 2 2 1 2 0 22 

Urban 4-5Ln Divided Paved 5 1 3 2 2 2 0 0 15 

Suburban 6+Ln Divided Raised 3 4 3 0 1 3 0 0 14 

Urban Other Limited Access 2 5 2 2 1 0 0 0 12 

Urban 4-5Ln Divided Raised 4 2 2 2 0 0 0 0 10 

Other Urban 3 2 3 0 1 0 0 1 10 

Other Suburban 1 2 1 1 0 0 1 0 6 

Other Rural 3 1 2 0 0 0 0 0 6 

Rural 2-3Ln Divided Paved 1 2 2 0 0 1 0 0 6 

Urban 6+Ln Divided Paved 1 2 0 0 0 1 0 0 4 

Suburban 2-3Ln Divided Paved 0 0 1 0 0 1 1 0 3 

Urban 4-5Ln Undivided 0 1 1 0 0 1 0 0 3 

Unknown         11 

Total 190 154 131 87 54 34 20 5 686 
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Driver Age by Road Class
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Figure 11:  Distribution of ROR Driver Age by Crash Rate Class 

 

Because roadway curvature is a major issue in ROR crashes, Table 24 and Table 25 

examine the issue in more detail. Table 24 shows the distribution of ROR crashes on roadways 

with and without curvature.  Almost 25 percent of the run off road crashes occurred on roadways 
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with some degree of curvature, which makes ROR crashes significantly overrepresented on such 

roads, although not by 50 percent.  Table 25 looks further at whether the ROR crashes on curves 

were deemed to have been caused by the curvature.  Interestingly, failure to negotiate the curve 

was identified through the case review as a contributing factor in only a little over one-third of 

the cases. 

 

Table 24:  Distribution of ROR Crashes on Roads with Curvature 

ROR No ROR 
 

Number Percent Number Percent
ORF Min CI Max CI Level 

Curvature 164 24.2% 233 16.6% 1.455 1.219 1.738 Over 

No 
Curvature 

514 75.8% 1169 83.4% 0.909 0.866 0.954 Under 

Total 678  1402  1.000    

 

Table 25:  Crashes by Failed to Negotiate Curve 

 Number Percent 

Failure to Negotiate Curve 57 34.76% 

No Failure to Negotiate Curve 107 65.24% 

Total 164 100.00% 

 

Continuing with the discussion, Table 26 shows the distribution of ROR crashes 

according to the radius of curvature on the roadway.  It is important to note that the radius of 

curvature values were taken from the homicide investigation reports, and often disagreed with 

the values available from the Roadway Characteristics Inventory database.  The two primary 

reasons for the discrepancies were failure to identify the crash as occurring on a ramp, and 

failure to properly location the crash on the roadway segment.  About 30 percent of the ROR 

crashes occurred on shallow curves, those with radii greater than 3500 ft., where the posted 

speed is typically 55 to 70 mph.  Another 26 percent occurred on fairly sharp curves, with radii 

of 500 ft. to 1499 feet (typically 35 to 55 mph posted speed), and nine percent of the crashes 
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occurred on very sharp curves, with radii less than 500 ft. (Typically 35 mph or less posted 

speed).  

 

Table 26:  Number of ROR Vehicles Grouped by Radius of Curvature 

Radius of Curvature Number Percent 

<500 15 8.98% 

500-1499 43 25.75% 

1500-2499 34 20.36% 

2500-3499 25 14.97% 

≥3500 50 29.94% 

Total 167 100.00% 

 

Table 27 looks at vehicle speed on curves of various radii.  Vehicle speed is plotted with 

respect to the posted speed on the curve.  From the chart, it appears that speeding is more of a 

factor on roads with tighter curves: approximately one-third of the vehicles running off the road 

on curves with radii less than 1500’ were traveling at least 10 mph over the posted limit.  On 

curves of greater than 2500’ radii, only about half as many vehicles were traveling over 10 mph 

over the limit. 

 

Table 27:  Vehicle Speed on Curves of Varying Radii 

Vehicle speed <500 
500-
1499 

1500-
2499 

2500-
3499 

>3500 Total 

At or below 
limit 

3 11 9 14 15 52 

≤10 over limit 7 18 17 7 26 75 

>10 over limit 5 14 8 4 9 40 

Total 15 43 34 25 50 167 

Percent >10 
over limit 

33.3% 32.6% 23.5% 16.0% 18.0% 24.0% 
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As there are many other issues associated with ROR crashes on curves, it was therefore 

necessary to look into other crash contributing factors.  Table 28 looks at the primary 

contributing factor identified by case review for all crashes on curves.  Overall, alcohol and drug 

use is the most common factor associated with ROR cases on curves, followed by speed and 

abrupt steering input.  While speed is highly overrepresented in ROR crashes on sharp curves, 

most other factors are close to an even representation between tight and shallow curves.   

 

Table 28:  Distribution of Primary Crash Contributing Factor by Roadway Curvature 

Roadway Curvature Factor 
Class 

Factor Detail 
<1500 >1500 Total 

Percent ORF 

Confusion 0 0 0 0.00% N/A 

Police Pursuit 0 1 1 0.17% 0.00 

Aggression 8 2 10 1.72% 0.92 

Decision Error 7 1 8 1.37% 1.61 

Distraction 9 2 11 1.89% 1.04 

Medical 19 2 21 3.61% 2.19 

Alcohol/Drug 168 49 217 37.29% 0.79 

Abrupt Steering Input 43 10 53 9.11% 0.99 

Inattention 33 6 39 6.70% 1.27 

Fatigue/Asleep 30 5 35 6.01% 1.38 

Speed 57 13 70 12.03% 1.01 

Inexperience 1 0 1 0.17% 0.00 

Human 

Mental/Emotional 1 0 1 0.17% 0.00 

Fog 1 0 1 0.17% 0.00 

Wind 1 0 1 0.17% 0.00 Environ 

Wet/Slippery 9 2 11 1.89% 1.04 

Defect 4 1 5 0.86% 0.92 

Load shift/Fall 5 0 5 0.86% 0.00 Vehicle 

Tire 37 3 40 6.87% 2.84 

Congestion 1 0 1 0.17% 0.00 

Obstruction 2 0 2 0.34% 0.00 

Access Point 2 1 3 0.52% 0.46 

Construction 0 1 1 0.17% 0.00 

Curvature 1 1 2 0.34% 0.23 

Standing Water 5 0 5 0.86% 0.00 

Roadway 

Sight Distance 1 0 1 0.17% 0.00 

Unknown  28 9 37 6.36% 0.72 

Total  473 109 582 100.00% 1.00 
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Table 29 looks at the presence of rumble strips in ROR crashes.  While rumble strips are 

most common on interstates and rural roads, locations where most of the ROR crashes occur, 

rumbles strips were present in only 15 percent of the fatal ROR crashes.  Rumble strips are used 

to alert drivers who run off the road due to driver inattention, fatigue, falling asleep, and 

incapacitation due to alcohol use.  Table 30 shows that rumble strips are underrepresented in 

crashes involving alcohol and drug use, indicating that relatively fewer alcohol-involved ROR 

crashes occur on roads with rumble strips.  Rumble strips are also somewhat negatively 

associated with inattention.  However, fatigue/asleep and distraction have a strong positive 

association with rumble strip presence.  This is possibly due to an association between rumble 

strips and overcorrection, a phenomenon explored in more detail in the next subsection.  Rumble 

strips are also positively associated with tire blowout and tread separation; however, one would 

not expect the presence of rumble strips to affect the number of tire blowout cases, because the 

resulting change in vehicle dynamics is primarily responsible for those ROR crashes.   

 

Table 29:  Distribution of ROR Vehicles by Rumble Strip Presence 

Rumble Strips Number Percent 

Yes 107 15.60% 

No 579 84.40% 

Total 686 100.00% 

 

Table 30:  Distribution of Crash Contributing Factor by Rumble Strip Presence 

Rumble Strips No rumble strips Factor 
Class 

Factor Detail 
Num. % Num. % 

ORF 

Confusion 0 0.00% 3 0.52% 0.00 

Police Pursuit 1 0.93% 1 0.17% 5.41 

Aggression 0 0.00% 12 2.07% 0.00 

Decision Error 1 0.93% 9 1.55% 0.60 

Distraction 4 3.74% 9 1.55% 2.40 

Medical 3 2.80% 27 4.66% 0.60 

Alcohol/Drug 27 25.23% 216 37.31% 0.68 

Abrupt Steering Input 8 7.48% 46 7.94% 0.94 

Inattention 7 6.54% 37 6.39% 1.02 

Human 

Fatigue/Asleep 10 9.35% 31 5.35% 1.75 
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Table30:  Continued 

Speed 16 14.95% 80 13.82% 1.08 

Age 0 0.00% 0 0.00% 0.00 

Inexperience 0 0.00% 1 0.17% 0.00 
 

Mental/Emotional 1 0.93% 0 0.00% 0.00 

Fog 0 0.00% 1 0.17% 0.00 

Lighting 0 0.00% 0 0.00% 0.00 

Dark 0 0.00% 0 0.00% 0.00 

Wind 0 0.00% 1 0.17% 0.00 

Environ 

Wet/Slippery 4 3.74% 12 2.07% 1.80 

Defect 0 0.00% 5 0.86% 0.00 

Disabled 0 0.00% 0 0.00% 0.00 

Stability 0 0.00% 0 0.00% 0.00 

Trailer 0 0.00% 0 0.00% 0.00 

Jackknifed 0 0.00% 0 0.00% 0.00 

Load shift/Fall 2 1.87% 3 0.52% 3.61 

Vehicle 

Tire 11 10.28% 30 5.18% 1.98 

Congestion 0 0.00% 1 0.17% 0.00 

Obstruction 0 0.00% 3 0.52% 0.00 

Access Point 0 0.00% 6 1.04% 0.00 

Construction 0 0.00% 1 0.17% 0.00 

Shoulder 0 0.00% 0 0.00% 0.00 

Transition 0 0.00% 0 0.00% 0.00 

Curvature 0 0.00% 3 0.52% 0.00 

Standing Water 0 0.00% 4 0.69% 0.00 

Maintenance 0 0.00% 0 0.00% 0.00 

Obstructed View 0 0.00% 0 0.00% 0.00 

Roadway 

Sight Distance 0 0.00% 0 0.00% 0.00 

Unknown  12 11.21% 37 6.39% 1.75 

Total  107 100.00% 579 100.00% 1.00 

 

Table 31 looks at the road class according to whether there were rumble strips present at 

the time of the crash.  Presence of rumble strips is highly overrepresented in ROR crashes on 

rural interstates and all toll roads.  Rumble strips are evenly represented in ROR crashes on 

urban interstates, and underrepresented on all other road classes.  This is likely due to the fact 

that rumble strips are more likely to be used on rural interstates, due to the high number of ROR 

crashes occurring on those roads. 
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Table 31:  Distribution of Rumble Strips by Road Class 

Rumble Strips No Rumble Strips 
Road Class 

Num. Percent Num. Percent 

Percent 
w/Rumble 

Strips 
ORF 

Interstate Rural 53 49.53% 95 16.41% 35.8% 2.99 

Interstate Urban 25 23.36% 102 17.62% 19.7% 1.31 

Rural 2-3Ln Undivided 4 3.74% 77 13.30% 4.9% 0.28 

Rural 4-5Ln Divided Raised 2 1.87% 64 11.05% 3.0% 0.17 

Suburban 2-3Ln Undivided 0 0.00% 23 3.97% 0.0% 0.00 

Suburban 4-5Ln Divided Raised 0 0.00% 53 9.15% 0.0% 0.00 

Suburban 6+Ln Divided Raised 0 0.00% 14 2.42% 0.0% 0.00 

Toll Road Rural 11 10.28% 13 2.25% 45.8% 4.54 

Toll Road Urban 11 10.28% 20 3.45% 35.5% 2.95 

Urban 4-5Ln Divided Paved 0 0.00% 16 2.76% 0.0% 0.00 

Urban 4-5Ln Divided Raised 0 0.00% 10 1.73% 0.0% 0.00 

Urban 6+Ln Divided Raised 0 0.00% 41 7.08% 0.0% 0.00 

Urban Other Limited Access 1 0.93% 11 1.90% 8.3% 0.49 

Urban 6+Ln Divided Paved 0 0.00% 4 0.69% 0.0% 0.00 

Suburban 2-3Ln Divided Paved 0 0.00% 3 0.52% 0.0% 0.00 

Rural 2-3Ln Divided Paved 0 0.00% 6 1.04% 0.0% 0.00 

Urban 4-5Ln Undivided 0 0.00% 4 0.69% 0.0% 0.00 

Other Rural 0 0.00% 5 0.86% 0.0% 1.07 

Other Urban 0 0.00% 10 1.73% 0.0% 0.00 

Other Suburban 0 0.00% 8 1.38% 0.0% 0.00 

Total 107 100.00% 579 100.00% 15.6% 1.00 

 

Table 32 shows the width of the median for vehicle crossing the median. Results show 

more then one third of the vehicle crossing median had median width between 60-75 feet and 

more then 44% crossed median with median width between 30-45 feet. 

Table 32:  Distribution of ROR vehicle crossing median 

Median width ROR crossed median % 

<30 8 7.41% 

30-45 48 44.44% 

45-60 2 1.85% 

60-75 40 37.04% 

75-90 6 5.56% 

90-105 4 3.70% 

Total 108 100.00% 
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Table 33 shows approximately 50% of the run off road crashes were on shoulder width 

between 10-14 feet and about 31% were on shoulder width less then 5 feet. About 74% of the 

crashes were on paved shoulder with or with out rumble strips. 

 

Table 33:  ROR vehicles by shoulder type 1 

Shoulder type_1 <5 5-9 10-14 Total % 

Raised curb (No shoulder or width exist) 2 0 0 0 

>15 

2 0.3% 

Paved w/w-out striping (include. paved parking) 142 85 279 2 508 74.1% 

Paved with warning device (raised/indented strips) 2 4 34 0 40 5.8% 

Lawn (max 12 feet to support road bed) 4 37 25 0 66 9.6% 

63 0 0 0 63 9.2% 

2 0 3 0 5 0.7% 

Curb with resurfaced gutter 0 0 0 2 0.3% 

Total 217 341 2 686 100.0%

% 31.6% 18.4% 0.3% 100.0%  

 

Table 34 show about 58% of vehicle ran off road where ehoulder type 2 width Is less 

then 5 feet and almost 91% of these are on lawn type shoulder. 

Table 34:  ROR vehicle by shoulder type 2 

Shoulder type_2 5-9 10-15 Total % 

Raised curb (No shoulder or width exist) 2 0 2 0.4% 

Paved w/w-out striping (include. paved parking) 3 0 0 3 

Lawn (max 12 feet to support road bed) 

Curb and gutter 

Other 

2 

126 

49.7% 

<5 

0 

0.6% 

244 187 8 439 91.3% 

Gravel/Marl 0 1 0 1 0.2% 

Curb and gutter 27 1 0 28 5.8% 

Other 5 1 0 6 1.2% 

Curb with resurfaced gutter 2 0 2 0.4% 

Total 283 190 8 481 100.0%

% 58.8% 39.5% 1.7% 100.0%  

0 
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4.6 A Closer Look at Overcorrection 

Run off the road crashes involving overcorrection make up around 25% of the total 

number of ROR crashes.  In overcorrection cases, vehicles run off the road and in an attempt to 

return to the original travel lane, over steered and either lose lateral stability or simply overshoot 

the lane.  Note that overcorrection can also result from lateral movements without leaving the 

travel lanes, as in the case of an attempted lane change into an occupied lane, followed by 

overcorrection and loss of control.  However, the cases considered in this chapter are limited to 

those where the vehicle left the travel lanes onto either a paved or grass shoulder prior to 

overcorrecting.   

Table 35 shows the number and percent of vehicles overcorrecting after running off the 

road to either the left or the right.  Vehicles that hit a roadside feature, such as a barrier, 

guardrail, or attenuator, and were redirected back into traffic, are also included in the table.  The 

numbers are very similar regardless of the direction in which the vehicle left the roadway:  

approximately 25 percent of the vehicles were overcorrected back onto the road, four percent 

were redirected back onto the road, and about 70 percent continued off the roadway in the 

original direction of travel.  Overcorrection was slightly more common after running off the road 

to the left, but the difference is neither large nor statistically significant.  Overall, the low number 

of fatal redirection crashes, especially in comparison to the high number of other fatal ROR 

crashes, appears to indicate that redirection is not a significant contributor to fatal traffic crashes.   

 

Table 35:  Distribution of ROR Vehicles by Overcorrection and Direction 

ROR to Right ROR to Left  

Number Percent Number Percent 

Overcorrection 86 24.09% 89 27.05% 

No Overcorrection 257 71.99% 227 69.00% 

Redirected 14 3.92% 13 3.95% 

Total 357  329  
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Table 36 looks at the initial cause of the ROR event that resulted in the overcorrection.  

These numbers were taken from the crash contributing factors and generally correspond to the 

primary contributing factor.  Alcohol is the most common contributing factor, followed by speed, 

inattention, and fatigue/asleep.  With the exception of speed, the contributing factors paint a 

picture of a driver that drifts off the road at a gentle angle, then abruptly oversteers back onto the 

road surface, resulting in the crash.  The speeding drivers, as well as the aggressive drivers tend 

to be attempting to maneuver around other vehicles when they get too close to the edge of the 

pavement, leave the roadway, and overcorrect. 

 

Table 36:  Initial Contributing Factor in ROR Overcorrection 

Contributing Factor Number Percent

Access Point 1 0.6% 

Aggression 5 2.8% 

Alcohol 53 29.8% 

Alcohol and Drugs 10 5.6% 

Congestion 1 0.6% 

Curvature 1 0.6% 

Distraction 5 2.8% 

Drugs 11 6.2% 

Fatigue/Asleep 17 9.6% 

Fog 1 0.6% 

Inattention 18 10.1% 

Inexperience 1 0.6% 

Medical 2 1.1% 

Obstructed View 1 0.6% 

Obstruction 1 0.6% 

Speed 23 12.9% 

Tires 7 3.9% 

Unknown 20 11.2% 

 

As vehicle overcorrection involves primarily human factors that contribute in the crash, it 

was therefore important to look driver age as a contributing factor in crash.  This information is 

presented in Table 37.  A little over 37 percent of the overcorrecting drivers were under age 25, 
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while only 27 percent of all ROR drivers were under age 25.  While we don’t know how many 

drivers ran off the road, and corrected back onto the roadway without a crash event, these 

numbers likely mean that younger drivers are more prone to overcorrection after running off the 

road than older drivers.  Drivers in the 35 to 44-age range are also involved in overcorrection 

crashes at a higher rate than they are in all ROR crashes.   

 

Table 37:  Distribution of ROR Overcorrection Crashes by Driver’s Age 

Age 
Overcorrection Result 

15-24 25-34 35-44 45-54 55-64 65-74 75-84 85+ Total % 

ROR, Same 21 14 2 11 3 2 2 0 26 14.9% 

ROR, Opposite 29 11 8 7 2 0 1 0 26 14.9% 

Vehicle Impact, Same 7 4 2 2 2 2 0 0 5 2.9% 

Vehicle Impact, Opposite 8 6 7 5 1 2 1 0 19 10.9% 

Total 65 35 19 25 8 6 4 0 175 100.0%

Overcorrect Drivers (%) 37.1% 20.0% 10.9% 14.3% 4.6% 3.4% 2.3% 0.0%   

All ROR Drivers (%) 27.4% 21.3% 17.9% 12.1% 7.3% 4.7% 2.9% 0.7%   

 

Table 38 examines whether there were rumble strips present at the time of the ROR 

overcorrection crash.  From the table, it is evident that when there were rumble strips present, 

about 36 percent of the ROR crashes resulted in overcorrection.  On the other hand, when there 

were no rumble strips present, only 24 percent of the crashes resulted in overcorrection.  This 

implies that drivers are almost fifty percent more likely to overcorrect upon running off a 

roadway with rumble strips, a number that is statistically significant at the 95 percent confidence 

level.  

 

Table 38:  ROR Overcorrection by Presence of Rumble Strips 

Rumble Strips No Rumble Strips 
 

Number Percent Number Percent 
ORF Min CI Max CI Level 

Overcorrect 38 35.6% 138 24.0% 1.484 1.104 1.996 OVER 

No 
Overcorrect 

62 58.7% 421 72.4% 0.810 0.684 0.959 UNDER 
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Table38:  Continued 

Redirect 7 5.8% 20 3.6% 1.604 0.663 3.880 UNSURE

Total 107 100.0% 58479 100.0% 1.000    

 

Table 39 looks at the initial outcome of the overcorrection.  Fewer than 30 percent of the 

overcorrecting vehicles hit another vehicle, with about twice as many crossing either a centerline 

or a grass median and impacting a vehicle in the opposite direction as sideswiping or rear ending 

a vehicle in the same travel direction.  Although not shown in Table 39, vehicles that initially 

drifted right, then overcorrected to the left were more likely to impact a vehicle in the opposite 

direction, while vehicle that initially drifted to left were more likely to impact a vehicle in the 

same direction.  This makes sense, because vehicles initially leaving the roadway to the left are 

more often on multi-lane divided highways.  Again referring to Table 39, fewer than three 

percent of the overcorrecting vehicles returned to the roadway again, but overturned due to loss 

of lateral stability resulting from the excess steering input.  Thirty-six percent of the vehicles 

crossed the entire paved surface and exited the roadway on the opposite side from the initial 

ROR event.  The remainder, about one-third of all overcorrect cases, returned to the roadway, 

but exited again in the same direction as the initial ROR event.  These vehicles potentially 

suffered no worse an outcome, since they left the roadway again in the same direction; however, 

the abrupt steering input typically induced a rotation about the yaw axis, resulting in tripping and 

overturning, which might otherwise not have happened.   

 

Table 39:  Outcome of ROR Overcorrection  

Outcome Number Percent 

Vehicle Impact, Same 19 10.86% 

Vehicle Impact, Opposite 31 17.71% 

ROR, Same 57 32.57% 

ROR, Opposite 63 36.00% 

Overturn 5 2.86% 

Total 175 100% 
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Having found that approximately 29 percent of overcorrecting vehicles hit another 

moving vehicle, Table 40 and Table 41 examine other outcomes, namely fixed object impacts 

and rollovers.  Table 40 shows that in 41% of the cases where the ROR vehicle overcorrected, it 

eventually hit a fixed object, as compared to 59% of the cases where it did not overcorrect.  This 

means that fixed object impacts are about two-thirds as likely in overcorrection crashes.  On the 

other hand, Table 41 shows that 63% of the vehicles overturned after overcorrecting, a rate that 

is almost one and a half times that of the ROR vehicles that didn’t overcorrect.  As overturn is 

one of the outcomes of the ROR crashes, it has been examined with other fatality contributing 

factors later in the chapter.  In addition, the overall rate and effects of rollover in fatal crashes has 

been discussed in a separate chapter of the report. 

 

Table 40:  Distribution of Fixed Object Impacts by Overcorrection 

Overcorrection No overcorrection 
 

Number Percent Number Percent 

Fixed object 83 41.3% 286 59.0% 

No fixed object 119 58.7% 198 41.0% 

Total 202  484  

 

Table 41:  Distribution of Overturn Crashes by Overcorrection 

Overcorrection No overcorrection 
 

Number Percent Number Percent 

Overturn 127 63.2% 208 42.9% 

No overturn 77 38.3% 276 56.9% 

Total 202  484  

 

Table 42 show only about one fourth of the vehicles overcorrected on shoulder type 1 

about one fourth of vehicle overcorrected on paved shoulder with and with out rumble strip 
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Table 42:  Overcorrection result on Shoulder type 1 

Shoulder type 1 Y N Redirected Total % 

Raised curb (No shoulder or width exist) 0 2 0 2 0.3% 

Paved w/w-out striping (include. paved parking) 129 357 22 508 73.8% 

Paved with warning device (raised/indented strips) 13 25 2 40 5.8% 

Lawn (max 12 feet to support road bed) 31 34 1 66 9.6% 

Curb and gutter 2 59 2 63 9.2% 

Other 2 3 0 5 0.7% 

Curb with resurfaced gutter 0 4 0 4 0.6% 

Total 177 484 27 688 100.0%

% 25.7% 70.3% 3.9% 
100.0

% 
 

Table 43 show about 27% of the vehicle overcorrected on shoulder type 2 where as 29% 

of vehicle ran off road on lawn shoulder and only 4% of vehicle redirected on  

 

Table 43:  Overcorrection result on Shoulder type 2 

Shoulder type 2 Y N Redirected Total % 

Raised curb (No shoulder or width exist) 0 2 0 2 0.4% 

Paved w/w-out striping (include. paved parking) 0 3 0 3 0.6% 

Lawn (max 12 feet to support road bed) 130 294 15 439 91.3% 

Gravel/Marl 0 1 0 1 0.2% 

Curb and gutter 2 23 3 28 5.8% 

Other 0 4 2 6 1.2% 

Curb with resurfaced gutter 0 2 0 2 0.4% 

Total 132 329 20 481 100.0%

% 27.4% 68.4% 4.2% 100.0%  

 

Table 44 looks at the most harmful event in overcorrection crashes.  The results are fairly 

consistent with what was presented earlier, but specifically identifies the most harmful event, 

according to the case review.  In over fifty percent of the overcorrection cases, the overturn was 

identified as the most harmful event.  In 25 percent, a vehicle impact was the most harmful 

event.  Interestingly, however, no harmful event is highly overrepresented in overcorrection 
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cases, meaning that the outcomes of overcorrection cases are, in general, not that different than 

the outcomes of other ROR crashes.   

 

Table 44:  Most Harmful Event in ROR Overcorrection Crashes 

Overcorrection No Overcorrection 
Most Harmful Event 

Number Percent Number Percent 
ORF 

Hit vehicle 51 25.25% 83 17.15% 1.47 

Hit fixed object 32 15.84% 164 33.88% 0.47 

Hit pedestrian 2 0.99% 21 4.34% 0.23 

Multiple events 9 4.46% 19 3.93% 1.13 

Hit bicycle 1 0.50% 4 0.83% 0.60 

Entered water 2 0.99% 15 3.10% 0.32 

Overturn 104 51.49% 169 34.92% 1.47 

Others 1 9 0.50% 1.86% 0.27 

Total 202 100.00% 484 100.00% 1.00 
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Figure 12:  Most Harmful Event for ROR Overcorrection Crashes 
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This section of the report investigates fatality-contributing factors in ROR crashes and 

looks in depth at ROR crash outcomes.  The primary outcome of most ROR crashes is either a 

fixed object impact, a rollover, or both.  However, case reviews showed that a number of other 

outcomes occurred in the set of ROR crashes.  Table 45 begins by looking these “other 

outcomes.”  “Other” outcomes are defined as any outcome other than a fixed object impact or 

overturning, and were present in around 30 percent of the ROR crashes, with impacts with 

oncoming vehicles representing about half of the other outcomes.  Running off the road into 

water was fairly uncommon, occurring less frequently than hitting a parked vehicle after running 

off the road.  Twenty-two pedestrians and five bicyclists were also hit by vehicles that ran off the 

road.  For these purposes, running off the road is defined as crossing a solid white line onto 

either a paved or unpaved shoulder, emergency lane, parking lane, or other part of the road not 

intended for vehicular travel.  

4.7 Fatality Contributing Factors and ROR Outcomes 

Table 45:  Other Outcomes of ROR Crashes 

Other Outcome Number Percent 

Bicycle On Shoulder 5 0.7% 

Entered Water 28 4.1% 

Hit Oncoming Vehicle 104 15.1% 

Hit Parked Vehicle 20 2.9% 

Hit Pedestrian and Parked Vehicle 13 1.9% 

Hit Pedestrian 9 1.3% 

Sideswipe and Oncoming 1 0.1% 

Sideswipe/Rear End 23 3.3% 

No Other Outcome 485 70.5% 

 

Table  looks at the most harmful event in the primary and secondary ROR crashes.  

The most harmful event was determined by a case review of each ROR crash.  Overturning was 

the most frequently cited harmful event, labeled as the most harmful event in almost 40 percent 

of the primary ROR crashes.  Overturning was cited as most harmful event in only 15 percent of 

46
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the secondary ROR crashes, making it highly underrepresented.  Vehicle-vehicle impacts were 

the most harmful event in about 20 percent of the ROR crashes; referring back to Table 45, it is 

evident that, if a vehicle-vehicle impact occurred in a ROR crash, it was typically the most 

harmful event in the crash (135 out of 161 primary crashes).   

Entering the water was cited as the most harmful event in only 17 ROR crashes.  It is 

important to note that the harmful event code for “Ran Off Road into Water” was frequently 

cited in cases where no water was found during the case review.  One possibility was that 

officers used that code since no code for “Ran Off Road” existed.  In one case, the officer 

actually marked out the words “Into Water,” creating a “Ran Off Road” code where none 

existed.  For the purposes of this report; however, all officer coding errors have been corrected, 

and the numbers represent the true circumstances of the crash.  Fixed object impacts were cited 

as most harmful in approximately 30 percent of the crashes.  In crashes where the fixed object 

acted only as a tripping mechanism, overturning was identified as the most harmful event, 

despite the fact that the fixed object initiated the overturn.   

 

Table 46:  Most Harmful Events in ROR Crashes 

Primary ROR Secondary ROR 
Most Harmful Event 

Number Percent Number Percent 
ORF 

Entered Water 17 2.48% 1 0.29% 8.537 

Fixed Object 196 28.61% 13 3.78% 7.571 

Impact w/Ground 8 1.17% 1 0.29% 4.018 

Multiple 28 4.09% 59 17.15% 0.238 

Overturn 274 40.00% 53 15.41% 2.596 

Vehicle-Train 0 0.00% 3 0.87% 0.000 

Vehicle-Bicycle 5 0.73% 2 0.58% 1.255 

Vehicle-Pedestrian 22 3.21% 6 1.74% 1.841 

Vehicle-Vehicle 135 19.71% 206 59.88% 0.329 

Total 685 100.00% 344 100.00% 1.000 
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Table 47 shows the distribution of run off road crashes where vehicle entered water 

bodies. These vehicle entered canals, water ponds, and lakes and were the cause of fatality to the 

occupants in most of the crashes.  As the table shows, around one-third of the vehicles hit and 

penetrated a fence before they entered the canal or other water body.  For cases where the fixed 

object was a concrete wall or guardrail, the vehicle typically fell from a bridge. In approximately 

one-third of crashes where a vehicle entered water, there was no fixed object or barrier. 

 

Table 47:  Distribution of Vehicles Entering Water by Fixed Object Impacted 

Fixed Object No of Vehicles Percent 

Concrete Culvert 2 7.14% 

Concrete Wall 2 7.14% 

Fence 9 32.14% 

Guardrail 2 7.14% 

3.57% 

Tree 3 10.71% 

None 9 32.14% 

Total 28 100.00% 

Pole 1 

 

Table 48 shows that only three vehicles entering water hit a fixed object within 15 feet of 

the edge of the outside travel lane.  The highest percentage of fixed objects in these cases, 

including fences and guardrails, were between 60 and 90 feet from road. 

 

Table 48:  Distribution of Vehicle Entering Water by Fixed Object Distance 

Fixed object 0-4’ 5-9’ 10-14’ 15-19’ 20-24’ 30-60’ 60-90’ 90-120’ Total 

Concrete Culvert 0 0 0 0 0 1 1 0 2 

Concrete Wall 0 1 0 0 1 0 0 0 2 

Fence 0 0 0 0 0 4 5 0 9 

Guardrail 0 1 0 0 0 0 1 0 2 

Pole 0 0 1 0 0 0 0 0 1 

Tree 0 0 0 0 0 1 1 1 3 

Total 0 2 1 0 1 6 8 1 19 
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Vehicles hitting fixed objects after they run off the road is a serious problem, acting as 

the most harmful event in almost one-third of the ROR crashes.  It is therefore necessary to know 

the type of fixed objects hit by the vehicles, the distance from the road, and whether it acted as a 

tripping mechanism.  Table 49 shows the distribution of fixed objects by type.  Trees make the 

largest portion of fixed objects with around 30%, followed by poles and guardrails.  

 

Table 49:  Distribution of Fixed Objects by Type 

Fixed object No of Vehicles Percent 

Concrete Barrier Wall 33 8.9% 

Bridge column 10 2.7% 

Concrete Wall (Private) 7 1.9% 

Building 4 1.1% 

Culvert 13 3.5% 

Open culvert 3 0.8% 

Curb 6 1.6% 

Fence 28 7.6% 

Guardrail 73 19.8% 

Sign Pole 22 6.0% 

Signal Pole 9 2.4% 

Utility Pole 39 10.6% 

Tree 114 30.9% 

Attenuator 1 0.3% 

Others 7 1.9% 

Total 369 100.0% 

 

Table 50 examines the number of vehicles that tripped as a result of fixed object impacts.  

Of the fixed object impacts, fewer than 20 percent tripped the vehicle, resulting in a rollover.  Of 

the tripped rollovers, approximately 27% of the vehicles were tripped by trees, followed by 

guardrails, which tripped the vehicle in about one-fourth of the cases.  Guardrails and fences are 

somewhat overrepresented; however, concrete culverts, culvert walls, and concrete barrier walls 

are highly overrepresented in tripping the impacting vehicle.  Referring to Table X in the chapter 

on rollovers, note that another 236 vehicles tripped on the grass or soft soil on the shoulder, 
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while only nine vehicles overturned due to the slope of a ditch or embankment.  While 

overturning was not necessarily the most harmful event in all of these crashes, it indicates that 

tripping on soft shoulders is a much more important issue in Florida than tripping on fixed 

objects or rolling over due to steep slopes.  

 

Table 50:  Fixed Objects as Tripping Mechanisms in ROR Crashes 

Tripping Mechanism Not Tripping Mechanism 
 

Number Percent Number Percent 
ORF 

Concrete Barrier Wall 9 9.3% 24 8.8% 1.05 

Bridge Column 2 2.1% 8 2.9% 0.70 

Concrete Wall (Private) 2 2.1% 5 1.8% 1.12 

Building 0 0.0% 4 1.5% 0.00 

Culvert 9 9.3% 4 1.5% 6.31 

Open Culvert 2 2.1% 1 0.4% 5.61 

Curb 6 6.2% 0 0.0% N/A 

Fence 11 11.3% 17 6.3% 1.81 

Guardrail 23 23.7% 50 18.4% 1.29 

Sign Pole 4 4.1% 18 6.6% 0.62 

Signal Pole 1 1.0% 8 2.9% 0.35 

Utility Pole 5 5.2% 34 12.5% 0.41 

Tree 21 21.6% 93 34.2% 0.63 

Attenuator 0 0.0% 1 0.4% 0.00 

Barricade 1 1.0% 0 0.0% N/A 

Steel Beam 1 1.0% 0 0.0% N/A 

Attenuator 0 0.0% 1 0.4% 0.00 

Boulder 0 0.0% 1 0.4% 0.00 

Mail Box 0 0.0% 2 0.7% 0.00 

Message Board 0 0.0% 1 0.4% 0.00 

Total 97 100.0% 272 100.0% 1.00 

 

 

Table 51 shows the vehicle distribution of ROR vehicles by vehicle sub type. Results 

show that compact auto and mid size autos make up the largest percentage of vehicles running 

off road. All classes of autos make up almost half of the total ROR and SUV’s make up about 

22% of the vehicles. Number of vehicles in tripping and overturning is same and are fairly 

distributed. All class of autos and SUV’s make s almost 31% of the vehicles tripping and 
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overturning. This shows that for all the vehicles tripped got overturned and overturning follows 

tripping in all the cases. Therefore much higher percentage of SUV’s overturning than autos. 

 

Table 51:  Vehicle by vehicle subtype 

ROR Tripping Overturn 
Vehicle sub type 

Num % Num % Num % 

Subcompact auto 69 10.0% 25 7.7% 25 7.7% 

Compact auto 112 16.3% 38 11.8% 39 12.1% 

Midsize auto 106 15.4% 29 9.0% 31 9.6% 

Full size auto 45 6.5% 11 3.4% 9 2.8% 

Compact SUV 11 1.6% 9 2.8% 9 2.8% 

Minivan 19 2.8% 12 3.7% 13 4.0% 

Large van 28 4.1% 17 5.3% 14 4.3% 

Large SUV 16 2.3% 11 3.4% 12 3.7% 

Mid size SUV 80 11.6% 63 19.5% 63 19.5% 

Compact pickup truck 63 9.2% 35 10.8% 33 10.2% 

Large pickup truck 41 6.0% 25 7.7% 25 7.7% 

Other light pickup truck 0 0.0% 0 0.0% 0 0.0% 

Other medium truck 6 0.9% 5 1.5% 5 1.5% 

Heavy truck 35 5.1% 18 5.6% 19 5.9% 

Motorcycle 0 0.0% 14 4.3% 0 0.0% 

Unknown 57 8.3% 11 3.4% 26 8.0% 

Total 688 100.0% 323 100.0% 323 100.0% 

 

Table 52 gives the distribution of ROR fixed objects by their distance from the edge of 

the outside travel lane in the direction of the ROR departure.  This line was used as the reference 

line of the roadway because it represented the final point at which the crash became a ROR 

crash, according to our definition of running off the road.  The highest percentage of the vehicles 

hit fixed objects within the distance of 30-60 feet from the reference line.  However, the main 

concern is about the ones, that hit the fixed object within the distance 5-9 feet and 10-14 feet, 

which makes up 39% of the total vehicles. 
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Table 52:  Distribution of ROR Vehicles by Fixed object Distance 

Fixed Object Distance (Ft.) Number Percent 

0-30 214 57.84% 

 0-4 13 3.51% 

 5-9 68 18.38% 

 10-14 74 20.00% 

15-19 30 8.11% 

 20-24 13 3.51% 

 25-29 16 4.32% 

30-60 91 24.59% 

 30-34 23 6.22% 

 35-39 13 3.51% 

 40-44 20 5.41% 

 45-49 14 3.78% 

 50-54 11 2.97% 

 55-59 10 2.70% 

60-90 34 9.19% 

 60-64 9 2.43% 

 65-69 8 2.16% 

 70-74 2 0.54% 

 75-79 10 2.70% 

 80-84 3 0.81% 

 85-89 2 0.54% 

90-120 8 2.16% 

 90-94 3 0.81% 

 95-99 3 0.81% 

 110-114 2 0.54% 

120+ 8 2.16% 

Unknown 15 4.05% 

Total 370 

 

100.00% 

 

Table 53.and Table 54 show ROR vehicles distributed by type of fixed object and 

direction of vehicle departure.  Overall, about 60% of the impacts occurred within 30’ of the 

edge of the travel lane, and 88% occurred within 60’ of the lane edge.  Guardrails, poles, and 

trees make the maximum number of crashes where vehicle hit within 0 to 30 feet from the 

reference line. These poles are those on the curbs or on the roadside.  Concrete walls and trees 

make up the highest percentage of impacts following left-side departures.  Trees are actually 

most common at 30 to 60 feet from the roadway. 
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Table 53:  Distribution of ROR fixed object by distance and vehicle direction 

 Fixed object Distance 

ROR Fixed Object ROR Direction 0-30 30-60 60-90 90-120 120+ 
Total % 

Left 18 1 1 0 0 20 5.4% 
Barrier Wall 

Right 10 3 0 0 0 13 3.5% 

Left 2 0 0 0 0 2 0.5% 
Building 

Right 2 0 0 0 0 2 0.5% 

0 0 0 0 3 0.8% 
Bridge column 

Right 7 0 0 0 0 7 1.9% 

1 0 0 0 2 0.5% 

Right 2 3 0 0 0 5 1.4% Concrete Wall (Private) 

Straight 0 0 0 0 0 0 0.0% 

Left 4 0 0 0 0 4 1.1% 
Culvert 

Right 8 1 0 0 0 9 2.4% 

Left 4 1 0 0 0 5 1.4% 
Curb 

Right 1 0 0 0 0 1 0.3% 

Left 0 0 1 0 0 1 0.3% 
Open culvert 

Right 2 0 0 0 0 2 0.5% 

Left 0 3 5 0 0 8 2.2% 

Right 1 8 6 1 3 19 5.1% Fence 

Straight 1 0 0 0 0 1 0.3% 

Left 34 2 3 0 0 39 10.6% 

Right 30 0 1 0 2 33 8.9% Guardrail 

Straight 1 0 0 0 0 1 0.3% 

Left 2 0 0 0 0 2 0.5% 
Signal Pole 

Right 5 2 0 0 0 7 1.9% 

Left 7 0 0 0 0 7 1.9% 

Right 13 1 0 0 0 14 3.8% Sign Pole 

Straight 1 0 0 0 0 1 0.3% 

Left 7 1 2 0 0 10 2.7% 
Utility Pole 

Right 27 2 0 0 0 29 7.9% 

Left 17 12 8 5 3 45 12.2% 

Right 26 32 10 0 0 68 18.4% Tree 

Straight 1 0 0 0 0 1 0.3% 

Left 1 0 0 0 0 1 0.3% 
Attenuator 

Right 0 0 0 0 0 0 0.0% 

left 0 1 0 0 0 1 0.3% 
Others 

right 6 0 0 0 0 6 1.6% 

Total  244 74 37 6 8 369 100.0%

Left 3 

Left 1 
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Table 54:  Distribution of Fixed Objects by Fixed Object Distance 

Fixed object 0-30 30-60 60-90 90-120 120+ Total % 

Concrete Barrier Wall 28 4 1 0 0 33 8.90% 

Bridge Column 10 0 0 0 0 10 2.70% 

Concrete Wall (Private) 3 4 0 0 0 7 1.90% 

Building 4 0 0 0 0 4 1.10% 

Culvert 12 1 0 0 0 13 3.50% 

Open Culvert 2 0 1 0 0 3 0.80% 

Curb 5 1 0 0 0 6 1.60% 

Fence 2 11 11 1 3 28 5.70% 

2 4 0 2 73 

Sign Pole  22 9 0 0 0 31 5.40% 

Utility Pole 34 3 2 0 0 39 10.60% 

Tree 44 44 18 5 3 114 25.20% 

Attenuator 1 0 0 0 0 1 0.30% 

Others 6 1 0 0 0 7 1.90% 

Total 238 80 37 6 8 369 100.00% 

Guardrail 65 19.80% 

 

Because fixed objects were often involved in ROR crashes where another event was 

deemed to be most harmful, it was necessary to look at the type of the objects by most harmful 

event.  Table 55 shows fixed object type by most harmful event. The results show that, when a 

fixed object impact was the most harmful event, the fixed object was a tree in 40% of the cases. 

Another 30% of the impacts where fixed object was most harmful event involved guardrails and 

utility poles. In cases where another event e.g. overturning, vehicle-vehicle impact was most 

harmful, guardrails account for over 25% of the fixed object and trees for another 22%. One can 

conclude therefore that impacts with trees are more severe events. In impact with guardrails, 

while frequent, and often do not constitute the most harmful event in run off road crashes. It can 

therefore be seen that: 

● In two third of tree impacts, it was the most harmful event in the crash. 

● In one third of the guardrail impacts it was most harmful event. 

● The fixed object impact was the most harmful event in high percentages of utility pole 

and concrete barrier wall impacts also. 
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Table 55:  Fixed Object Type By Most Harmful Event 

Most harmful event 
Fixed object type 

Fixed object % Others % 

Concrete Barrier Wall 15 8.1% 18 10.1% 

Bridge Column 1 0.5% 3 1.7% 

Concrete Wall (Private) 4 2.2% 3 1.7% 

Building 3 1.6% 1 0.6% 

Culvert 3 1.6% 10 5.6% 

Open Culvert 0 0.0% 3 1.7% 

Curb 0 0.0% 6 3.4% 

Fence 5 2.7% 23 12.9% 

Guardrail 27 14.6% 46 25.8% 

Sign Pole 15 8.1% 7 3.9% 

Signal Pole 4 2.2% 5 2.8% 

Utility Pole 29 15.7% 10 5.6% 

Tree 74 40.0% 40 22.5% 

Attenuator 1 0.5% 0 0.0% 

Others 4 2.2% 3 1.7% 

100.0% 178 100.0% Total 185 

 

Table 56 examines injury severity of vehicle occupants according to the type of fixed 

object impacted.  Overall, around 55% of the occupants in vehicles that hit fixed objects had fatal 

injuries as a result, and around 17% had incapacitating injuries.  This is understandable because 

the study set has only fatal crashes in it.  This table also shows that fatality rates did not vary that 

much depending on the type of object hit.  However, of the frequently impacted objects, 

guardrails were associated with a somewhat lower fatality rate, while trees, poles and culverts 

had the highest percentage of fatalities.   

 

Table 56:  Distribution of Injury Severity by Fixed Object Impacted 

Injury Severity 
Fixed Object 

1 2 3 4 5 

Total 
Occupants 

Percent 
Fatal 

Concrete Barrier Wall 18 1 9 8 35 71 58.30% 

Bridge column 0 0 0 1 12 13 60.00% 

Concrete Wall (Private) 0 0 0 2 7 9 60.00% 

Building 0 0 0 2 3 5 51.40% 

Culvert 3 0 3 3 14 23 62.50% 
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Table 65:  Continued 

Open culvert 0 2 1 0 3 6 45.50% 

0 6 13 80.00% 

Fence 5 4 13 7 31 60 50.80% 

Guardrail 28 5 32 41 82 188 42.60% 

Sign Pole 3 0 0 4 22 29 45.00% 

Signal Pole 3 0 1 1 11 16 66.40% 

Utility Pole 3 7 4 16 42 72 63.20% 

Tree 14 3 22 35 128 202 100.00% 

Attenuator 1 0 0 1 1 3 40.00% 

Others 3 0 4 3 7 17 55.00% 

Total 85 22 90 126 404 727  

Curb 4 1 2 

 

Table  and Figure 1  show injury severity according to safety equipment use for 

occupants of vehicles with at least four wheels.  More than 67% of the unbelted occupants had 

fatal injuries within 90 days of the crash.  However, the data also shows a large percentage of 

fatal injuries when safety belts were in use, around 51%.  In a few cases, these fatalities were 

related to safety belt failure or partial ejection during overturning of the vehicle; however most 

were due to vehicles hitting fixed objects.  Note that, overall, 50 percent of the occupants had no 

safety equipment, and another 14 percent had only an airbag. 

57 3

 

Table 57:  Distribution of Injury Severity by Safety Equipment Use 

Injury Severity 
Safety Equipment 

1 2 3 4 5 Total Percent

Not in use 14 11 43 110 330 508 50% 

Safety belt/Shoulder harness 18 13 31 27 95 184 18% 

Child restraint  0 3 2 3 1 9 1% 

Air bag 4 0 5 26 104 139 14% 

Seat belt and child restraint 5 0 3 7 22 37 4% 

Child restraint and air bag  1 0 1 0 1 3 0% 

Seat belt and air bag 10 6 26 26 74 142 14% 

Total 52 33 111 199 627 1022 100% 

Percent 5% 3% 11% 19% 61% 100%  
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Safety Equipment Use Vs. Injury Severity
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Figure 13:  Distribution of Injury Severity by Safety Equipment Use 

 

Table 58 repeats the same information about safety equipment use and injury severity for 

the motorcyclists.  Note that 70 percent of the motorcyclists were using a safety helmet at the 

time of the crash.  Despite this, almost 90 percent of the occupants suffered fatal injuries in the 

ROR events.  Regardless of the safety equipment used, at least 85% of the occupants of the 

motorcyclists died. 

  

Table 58:  Distribution of Injury Severity by Safety Equipment Use for Motorcyclists 

Injury Severity 
Safety Equipment 

1 2 3 4 5 Total Percent

Not in use 0 0 1 0 7 8 24% 

Safety helmet 0 0 0 1 8 9 26% 

Eye protection 0 0 0 0 2 2 6% 

Safety helmet and eye 
protection 1 0 0 1 13 15 44% 
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Table58:  Continued 

Total 1 0 1 2 30 34 100% 

Percent 3% 0% 3% 6% 88% 100%  

  

Table 59, Table 60 and Table 61 look at safety equipment use and injury severity for 

ROR crashes with most harmful events of fixed object, overturn, and vehicle-vehicle.  Table 62 

summarizes the results according to most harmful event and seat belt use.  To look only at the 

effect of seat belts, all categories where a seat belt or child restraint was used were combined, as 

were the categories with no seat belts.  The fact that stands out in this chart is the fact that only 

36 percent of belted occupants died in rollover crashes, compared to almost twice the percentage 

of the belted occupants in other crash types.  This indicates that the rollover is comparatively a 

less severe event for belted occupants, and that increased rates of seat belt use would be 

particularly effective in preventing deaths in rollover crashes.  In fixed object and vehicle-vehicle 

crashes, seat belt use was less effective in preventing fatal injuries, indicating that the most 

effective countermeasure in fixed object and vehicle-vehicle crashes is to reduce the number or 

severity of the collisions, rather than focusing on increasing seat belt use.   

 

Table 59:  Injury Severity Versus Safety Equipment Use in ROR Fixed Object Impacts 

Injury Severity 
Safety Equipment 

1 2 3 4 5 Total Percent

Not in use 3 4 7 22 97 133 47.2% 

Safety belt/Shoulder harness 1 1 6 4 31 43 15.2% 

Child restraint  0 0 0 1 0 1 0.4% 

Air bag 1 0 2 6 39 48 17.0% 

Seat belt and child restraint 0 0 1 1 10 12 4.3% 

Child restraint and air bag  3 0 5 11 25 44 0.4% 

Seat belt and air bag 1 15.6% 

7% 

0 0 0 0 1 

Total 9 5 21 45 202 282 100.0%

Percent 3% 2% 16% 72% 100%  
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Table 60:  Injury Severity Versus Safety Equipment Use in Overturn ROR Crashes 

Injury Severity 
Safety Equipment 

1 2 3 4 5 Total Percent

Not in use 5 4 29 66 164 268 61% 

5 6 19 13 22 65 

Child restraint  0 3 0 1 1 5 1% 

Air bag 0 0 1 13 47 61 14% 

Seat belt and child restraint 1 0 1 3 7 12 3% 

Child restraint and air bag  0 0 1 0 1 2 0% 

Seat belt and air bag 0 2 8 7 12 29 7% 

Total 11 15 59 103 254 442 100% 

Percent 2% 3% 13% 23% 57% 100%   

Safety belt/Shoulder harness 15% 

  

Table 61:  Injury Severity Versus Safety Equipment Use in Vehicle-Vehicle ROR Crashes 

Injury Severity 
Safety Equipment 

1 2 3 4 5 Total Percent

Not in use 1 1 5 15 41 63 34% 

Safety belt/Shoulder harness 2 3 4 8 30 47 26% 

Child restraint  0 0 1 1 0 2 1% 

Air bag 1 0 2 5 11 19 10% 

Seat belt and child restraint 1 0 1 2 4 8 4% 

Child restraint and air bag  0 0 0 0 0 0 0% 

Seat belt and air bag 1 2 5 7 29 44 24% 

Total 6 6 18 38 115 183 100% 

Percent 3% 3% 10% 21% 63% 100%   

 

Table 62:  Injury Severity by Seat Belt Use and Most Harmful Event 

Fixed Object Overturn Vehicle-Vehicle 
Injury Severity 

Not in use Seat belt Not in use Seat belt Not in use Seat belt 

None 4 5 5 5 2 3 

Possible 4 1 4 11 1 5 

Non-incapacitating 9 11 30 28 7 10 

Incapacitating 28 16 79 21 20 16 

Fatal 136 56 211 36 52 59 

Total 181 89 329 101 82 93 
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Table 62:  Continued 

Percent Fatal 75.1% 62.9% 64.1% 35.6% 63.4% 63.4% 

 

Table 63 and Figure 14 examine injury severity according to ejection rates in ROR 

crashes.  As shown in Figure 14 over 55 percent of the occupants who were not ejected suffered 

fatal injuries in the ROR crashes; however over 70 percent of those who were ejected suffered 

fatal injuries, and over 90 percent of those who were partially ejected suffered fatal injuries. 

  

Table 63: Injury Severity According to Ejection Rates 

Ejection Injury 
Severity No Yes Partial Total Percent 

1 48 4 0 52 5.1% 

2 31 2 0 33 3.2% 

3 95 16 0 111 10.9% 

4 119 77 3 199 19.5% 

5 354 240 33 627 61.4% 

Total 647 339 36 1022 100.0% 

Percent 63.3% 33.2% 3.5% 100.0%  
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Figure 14:  Injury Severity Versus Ejection 
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Table 64 and Figure 15 look at ejection rates according to safety equipment use.  As 

shown in Table 55, 312 of the 339 occupants ejected in ROR crashes were not wearing seat belts 

(92 percent). Figure 15 shows this graphically, indicating that, when seat belts or child restraints 

were used, at least 70 percent of the occupants remained in the vehicle.  Only eight percent of 

ejected occupants were wearing seatbelts; however, 20 percent of partially ejected occupants 

were wearing seat belts.  This indicates that seat belt designs could be improved to prevent 

lateral movement and partial ejection, more common in rollover crashes.  However, given the 

fact that ejection correlates strongly with high fatality rates, and wearing seat belts is inversely 

correlated with ejection, wearing seat belts can be strongly encouraged to reduce ejection and 

subsequent severe injuries.   

 

Table 64:  Ejection According to Safety Equipment Use 

Ejection 
Safety Equipment 

No Yes Partial Total Percent 

Not in use 240 245 23 508 49.7% 

Safety belt/Shoulder harness 172 11 1 184 18.0% 

Child restraint 9 0 0 9 0.9% 

Air bag 66 67 6 139 13.6% 

Seat belt and child restraint 26 10 1 37 3.6% 

Child restraint and air bag 3 0 0 3 0.3% 

Seat belt and air bag 131 6 5 142 13.9% 

Total 647 339 36 1022 100.0% 

Percent 63.3% 33.2% 3.5% 100.0%  
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Ejection Vs. Safety Equipment Used
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Figure 15:  Ejection Versus Safety Equipment Used 

 

To summarize, 627 occupants of vehicles in ROR crashes suffered fatal injuries.  Of 

those occupants, 

• 348 (56 percent) were in automobiles (Vehicle type = 01). 

• 273 (44 percent) were ejected or partially ejected.  As shown in Table 65 , the most 

harmful event for ejected occupants who died is overturning.   

• 434 (69 percent) were not wearing seat belts.  As shown in Table 66, the most 

harmful event for belted occupants who died was a fixed object impact. 

• 254 (41 percent) were in crashes where overturning was the most harmful event. 
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• 202 (32 percent) were in crashes where a fixed object impact was the most harmful 

event. 

 

Table 65:  Most Harmful Event for Ejected Occupants 

Most Harmful Event Number Percent 

Entered Water 1 0.4% 

Fixed Object 50 18.3% 

Impact w/ground 3 1.1% 

Multiple 6 2.2% 

Overturn 188 68.9% 

Vehicle-vehicle 25 9.2% 

Total 273 100.0% 

 

Table 66:  Most Harmful Event for Belted Occupants 

Most Harmful Event Number Percent 

Entered Water 9 4.7% 

Fixed Object 66 34.4% 

Impact w/ground 1 0.5% 

Multiple 10 5.2% 

Overturn 43 22.4% 

Vehicle-vehicle 63 32.8% 

Total 192 100.0% 

 

4.8 Comparison of Contributing Factors in ROR Crashes on Limited and Non-Limited 

Access Facilities  

Various crash contributing factor s for limited access and non-limited access road have 

been classified to see some pattern.  This is an interesting comparison for a number of reasons.  

First, dividing the roadways into limited and non-limited access divides the set of ROR crashes 

almost perfectly in half.  Second, the characteristics of limited access roads are much different 

than those of other roads, especially in the design of the roadside and its “forgiveness” of a ROR 
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event.  Third, the rates of ROR and non-ROR crashes are much different on limited access roads 

when compared to non-limited access roads:  as shown in Table 22, ROR crashes are 

significantly overrepresented on almost all classes of limited access roads when compared to 

other types of crashes, yet they are underrepresented on most non-limited access roads.   

Table 67 gives the distribution of run off road crashes on limited and non-limited access 

roads.  Over half of the ROR crashes on limited access roads occur on the left side, with one-

third involving control loss.  On non-limited access roads, over 60 percent of the crashes are due 

to right roadside departure, most without control loss.  This different pattern is due to the high 

rate of left-side departments involving high-speed vehicles on the limited access road with 

medians. 

 

Table 67:  Primary Crash Type of ROR Crashes on Limited and Non-Limited Access Roads 

Limited Access 
Non limited 

Access 
Crash 
Type 
Code 

Crash Type 

Num. Per. Num. Per. 

ORF Min CI Max CI Level 

20 Right side departure 83 24.1% 143 42.9% 0.56 0.448 0.701 Under 

21 
Right side departure 
w/control loss 

48 13.9% 61 18.3% 0.76 0.537 1.074 Unsure

22 Left side departure 81 23.5% 60 18.0% 1.30 0.967 1.755 Unsure

23 
Left side departure 
w/control loss 

105 30.4% 57 17.1% 1.78 1.337 2.365 Over 

24 
Straight/End of 
pavement 

0 0.0% 6 1.8% N/A N/A N/A N/A 

25 Ramp departure 28 8.1% 6 1.8% 4.51 1.889 10.738 Over 

 Total 345 100.0% 333 100% 1.00    

 

Table 68 shows crash contributing factors on limited access roads.  Comparing the 

various crash contributing factors with non-limited access road from 

Table 69, alcohol is more prevalent as a contributing factor in ROR crashes on the non-

limited access roads, as is speed.  Inattention and fatigue are about twice as common on limited 

access facilities.  Curvature, wet conditions, and abrupt steering input are about equally common.  
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Recall that approximately the same number of ROR crashes occur on limited as on non-limited 

access facilities.   

 

Table 68:  Crash Contributing Factors for ROR Crashes on Limited Access Roads 

Class Factor Primary Secondary Tertiary Total 

Alcohol 79 6 1 86 

Drugs 18 6 2 26 

Confusion 0 3 0 3 

1 1 1 3 

Aggression 5 4 0 9 

Decision Error 3 2 0 5 

Distraction 8 3 2 13 

Medical 11 4 0 15 

Alcohol and Drugs 8 1 0 9 

Abrupt Steering Input 26 61 29 116 

Inattention 33 24 5 62 

Fatigue/Asleep 30 4 1 35 

Speed 38 55 11 104 

Age 0 2 3 5 

Inexperience 0 2 1 3 

Mental/Emotional 2 5 0 7 

Human 

History 0 1 4 5 

Smoke/Fog 0 1 1 2 

Dark 0 3 6 9 

Wind 1 0 0 1 
Environment 

Wet/Slippery 7 20 21 48 

Defect 4 0 0 4 

Disabled 0 7 5 12 

Stability 0 2 0 2 

Trailer 0 1 1 2 

Jackknifed 0 3 2 5 

Load shift/Fall 3 1 2 6 

Vehicle 

Tire 34 7 3 44 

Lighting 0 3 17 20 

Congestion 1 3 4 8 

Obstruction 2 3 1 6 

Access Point 0 6 7 13 

Construction 1 4 2 7 

Shoulder 0 1 1 2 

Transition 0 0 2 2 

Roadway 

Curvature 2 13 21 36 

Police Pursuit 
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Table 68:  Continued 

Standing Water 3 0 1 4 

Maintenance 0 2 0 2 

Obstructed View 0 2 0 2 

Unfamiliar area 0 0 1 1 

 

Sight Distance 0 0 1 1 

Unknown 23 0 2 25 

Total 343 264 163 770 

 

Table 69:  Crash Contributing Factors for ROR Crashes on Non-Limited Access Roads 

Class Factor Primary Secondary Tertiary Total 

Alcohol 105 4 1 110 

Drugs 13 4 1 18 

Confusion 3 2 0 5 

1 3 0 4 

Aggression 6 3 1 10 

Decision Error 7 8 2 17 

Distraction 5 1 0 6 

Medical 19 3 0 22 

Alcohol and Drugs 17 0 0 17 

Abrupt Steering Input 26 53 27 106 

Inattention 12 15 7 34 

Fatigue/Asleep 11 5 1 17 

Speed 57 71 7 135 

Age 0 5 2 7 

Inexperience 1 3 4 8 

Mental/Emotional 0 3 2 5 

Human 

History  2 2 4 

Smoke/Fog 1 1 4 6 

Dark 0 8 9 17 

Wind 0 0 0 0 
Environment 

Wet/Slippery 9 14 17 40 

Defect 1 1 2 4 

Disabled 0 0 0 0 

Stability 0 2 2 4 

Trailer 0 1 1 2 

Jackknifed 0 1 0 1 

Load shift/Fall 0 0 1 1 

Vehicle 

Tire 7 3 2 12 

Lighting 0 1 16 17 

Congestion 0 0 3 3 

Obstruction 1 1 0 2 

Access Point 6 7 10 23 

Roadway 

Construction 0 5 4 9 

Police Pursuit 
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Table 69:  Continued 

Shoulder 0 0 4 4 

Transition 0 2 0 2 

Curvature 2 14 26 42 

Standing Water 1 3 1 5 

Maintenance 0 3 0 3 

Obstructed View 0 0 0 0 

Unfamiliar area 0 2 0 2 

 

Sight Distance 0 0 3 3 

0 0 27 

Total 338 254 162 754 

Unknown 27 

 

Table 70 shows that ROR crashes by driver age on limited and non-limited access roads 

are fairly evenly distributed.  It can be seen that for driver age between 15-34 and 45-54 run off 

road crashes on limited access are over represented and for rest all other groups are under 

represented; however, very few of these differences are either large or statistically significant. 

 

Table 70:  ROR Crashes by Driver’s Age on Limited and Non-Limited Access Roads 

Limited Access Non-Limited Access
Age 

Number Percent Number Percent 
ORF Min CI Max CI Level 

15-24 102 29.39% 89 26.25% 1.12 0.88 1.43 Unsure 

25-34 83 23.92% 70 20.65% 1.16 0.87 1.53 Unsure 

35-44 65 18.73% 66 19.47% 0.96 0.71 1.31 Unsure 

45-54 46 13.26% 41 12.09% 1.10 0.74 1.62 Unsure 

55-64 27 7.78% 28 8.26% 0.94 0.57 1.56 Unsure 

65-74 10 2.88% 23 6.78% 0.42 0.21 0.88 Under 

75-84 8 2.31% 12 3.54% 0.65 0.27 1.57 Unsure 

85-94 1 0.29% 4 1.18% 0.24 0.03 2.17 Unsure 

95-104 0 0.00% 0 0.00% 0.00 0.00 0.00  

Unknown 5 1.44% 6 1.77% 0.81 0.25 2.64 Unsure 

Total 347 100.00% 339 100.00% 1.00    

 

Results from Table 71 show that most levels of alcohol use are underrepresented or 

neutral on limited access facilities, while being tested or presumed to have 0.00% BAC is 

overrepresented on limited access facilities.  It shows that more ROR drivers on non-limited 
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access road are driving under influence of alcohol.  This is in keeping with the fact that alcohol 

use contributed to fewer crashes on limited access roads.   

 

Table 71:  ROR Crashes by Alcohol Use on Limited and Non-Limited Access Roads 

Limited Access Non-Limited Access
Alcohol Use 

Number Percent Number Percent 
ORF Min CI Max CI Level 

0.00 Tested 167 48.13% 109 32.15% 1.50 1.24 1.81 Over 

0.00 Presumed 57 16.43% 26 7.67% 2.14 1.38 3.32 Over 

< Limit 22 6.34% 17 5.01% 1.26 0.68 2.34 Unsure 

1-2 X Limit 19 5.48% 26 7.67% 0.71 0.40 1.27 Unsure 

2-3 X Limit 36 10.37% 57 16.81% 0.62 0.42 0.91 Under 

3-4 X Limit 17 4.90% 17 5.01% 0.98 0.51 1.88 Unsure 

>4 X Limit 0 0.00% 3 0.88% 0.00 N/A N/A N/A 

> 0 0 0.00% 3 0.88% 0.00 N/A N/A N/A 

> Limit 0 0.00% 1 0.29% 0.00 N/A N/A N/A 

UK 29 8.36% 80 23.60% 0.35 0.24 0.53 Under 

Total 347 100.00% 339 100.00% 1.00    

 

Table 72 and Table 73 give the vehicle speed distribution on limited access and non-

limited access roads.  It can be seen from Table 72 that almost 80 percent of the crashes on 

limited access facilities occurred on segments with speed limits of 65 mph and up.  However, 

speeding was increasingly a problem at lower speed limits.  On non-limited access roads, the 

trend toward increased rates of speeding on lower speed roads can still be seen, although it is not 

quite so exaggerated.  Overall, about 10 percent of the ROR crashes on non-limited access roads 

occur on segments with speed limits of 65 mph and up 
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Table 72:  Distribution of ROR Vehicles by Speed on Limited Access Roads 

Posted 
Speed 

Number at 
or below 
posted 
speed 

Number 
above 
posted 
speed 

Number 
>10 above 

posted 
speed 

Percent 
>10 above 

posted 
speed 

Total 
Vehicles

40- 0 3 50.00% 3 50.00% 6 

45-50 0 7 63.64% 4 36.36% 11 

55-60 13 24 50.00% 11 22.92% 48 

65+ 115 88 36.82% 36 15.06% 239 

Total 128 122 40.13% 54 17.76% 304 

Percent 
above 
posted 
speed 

 

Table 73:  Distribution of ROR Vehicles by Speed on Non-Limited Access Roads 

Posted 
Speed 

Number at or 
below posted 

speed 

Number 
above 
posted 
speed 

Percent 
above 
posted 
speed 

Number 
>10 above 

posted 
speed 

Total 
Vehicles

40- 12 29 49.15% 18 30.51% 59 

45-50 19 38 47.50% 23 28.75% 80 

47 34.06% 28 20.29% 138 

65+ 15 11 35.48% 5 16.13% 31 

Total 109 125 40.58% 74 24.03% 308 

Percent 
>10 above 

posted 
speed 

55-60 63 

 

Table 74 shows lighting condition as a factor in ROR crashes on limited access roads.  It 

can be seen that about 53 percent of the ROR crashes on limited access roads occurred in the 

daylight.  Table 75 shows that only 43 percent of the crashes on non-limited access facilities 

occur during the daylight.  Of crashes occurring in darkness, streetlights are about equally 

common in crashes on limited and non-limited access facilities.  This is notable because limited 

access facilities are unlit over most of their length, yet a high percentage (42 percent) of the 

nighttime crashes occur on segments with street lights.  On limited access roadways, right side 

departure is more strongly associated with darkness, probably due to fatigue occurring at night.  

On non-limited access roads, control loss was somewhat more common at night.   
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Table 74:  ROR Crashes by Crash Type and Lighting Condition on Limited Access Roads 

Crash Type Daylight Dusk Dawn 
Dark 

(Street 
Light) 

Dark (No 
Street 
Light) 

Unknow
n 

% Dark

Right departure 39 0 1 16 27 0 52% 

Right w/control loss 21 0 2 11 14 0 52% 

Left departure 48 1 3 15 14 0 36% 

Left w/control loss 63 2 3 9 28 0 35% 

Straight 0 0 0 0 0 0 0% 

Ramp 11 0 0 10 4 0 56% 

Total 182 3 9 61 87 0  

Percent 53% 1% 3% 18% 25% 0%  

 

Table 75:  ROR Crashes by Crash Type and Lighting Condition on Non-Limited Access Roads 

Crash Type Daylight Dusk Dawn 
Dark 

(Street 
Light) 

Dark (No 
Street 
Light) 

Unknow
n 

% Dark

Right departure 69 3 6 26 39 0 45% 

Right w/control loss 19 0 2 19 21 0 66% 

Left departure 28 1 2 12 17 0 48% 

Left w/control loss 25 1 1 13 16 1 51% 

Straight 0 0 0 3 3 0 100% 

Ramp 4 0 0 3 0 0 43% 

Total 145 5 11 76 96 1  

Percent 43% 1% 3% 23% 29% 0%  

 

Table 76 gives the distribution of ROR crashes on limited and non-limited access roads 

according to whether roadway curvature was present. Table 76 shows that 22% of the ROR 

crashes on limited access roads occurred on curves, while 26% of the ROR crashes on non-

limited access roads occurred on curves.  This means that curvature is slightly underrepresented 

on limited access roads, although the differences are neither large nor significant.  
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Table 76:  ROR Crashes on Roads with Curvature on Limited and Non Limited Access Roads 

Limited Access Non-Limited Access
 

Number Percent Number Percent 
Min CI Max CI Level 

Curvature 76 22.2% 88 26.3% 0.84 0.65 1.10 Unsure 

No Curvature 267 77.8% 247 73.7% 1.06 0.97 1.15 Unsure 

Total 343 100.0% 335 100.0% 1.00    

ORF 

 

Table 7  shows the radius of curvature in ROR crashes on limited access and non-limited 

access involving roadway curvature.  As would be expected, most curves on limited access 

facilities are shallow curves with large radii.  On ramps of limited access facilities, most of the 

crashes occurred on tight curves.  On non-limited access roads, both tight and shallow curves 

were common in ROR crashes.   

7

 

Table 77:  Curvature in ROR Crashes on Limited Access and Non-Limited Access Roads 

 Limited Access Mainline Limited Access Ramps 
Non-Limited 

Access 

Radius of Curvature Number Number Percent Number 

<500 3 4.84% 15 40.54% 5 5.75% 

500-1499 11 17.74% 6 16.22% 27 31.03%

1500-2499 7 11.29% 1 2.70% 23 26.44%

2500-3499 13 20.97% 0 0.00% 11 12.64%

≥3500 28 45.16% 0 0.00% 21 24.14%

Uk 0 0.00% 15 40.54% 0 0.00% 

Total 62 100.00% 37 100.00% 87 100.00%

Percent Percent

 

Table 78 shows overcorrection outcome on limited and non-limited access.  It can be 

from the total number of cases that overcorrection is equally common on limited and non-limited 

access facilities.  On non-limited access roads, the result of overcorrection was much more likely 

to be impact with a vehicle in the opposite direction.  This is because more of these crashes occur 

on segments with no or small medians, increasing the likely of a head-on collision.  In the same 

way, an impact with a vehicle traveling in the same direction is much more common on limited 
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access facilities.  Overall, however, the most common outcomes of overcorrection on both 

limited and non-limited access roads are running off the road again on the opposite side from the 

initial ROR direction. 

  

Table 78:  Outcome of ROR Overcorrection on Limited and Non-Limited Access  

Outcome 
Limited 
Access 

Percent 
Non Limited 

Access 
Percent ORF 

Vehicle Impact, Same 13 14.44% 7 8.24% 1.75 

Vehicle Impact, Opposite 10 11.11% 22 25.88% 0.43 

ROR, Same 31 34.44% 24 28.24% 1.22 

ROR, Opposite 34 37.78% 29 34.12% 1.11 

Overturn 2 2.22% 3 3.53% 0.63 

Total 90 100.00% 85 100.00% 1.00 

 

Table 79 shows other outcomes of ROR on limited and non-limited access roads.  The 

results show that bicycle and pedestrian impacts are much more common following ROR events 

on non-limited access facilities; however impacts with both a pedestrian and a parked vehicle are 

highly overrepresented on limited access facilities.  Running off the road into water and 

sideswipe/rear-end crashes of vehicles traveling in the same direction (after overcorrection) are 

both highly overrepresented on limited access facilities also. 

 

Table 79:  Other Outcomes of ROR Crashes on Limited and Non-Limited Access Roads 

Other Outcome 
Number on 

Limited 
Access 

Percent 

Number 
on Non 
Limited 
Access 

Percent ORF 

0 0.00% 5 1.47% N/A 

19 5.48% 9 2.65% 2.06 

Hit Oncoming Vehicle 57 16.43% 47 13.86% 1.18 

Hit Parked Vehicle 11 3.17% 9 2.65% 1.19 

Hit Pedestrian and Parked Vehicle 12 3.46% 1 0.29% 11.72 

Hit Pedestrian 1 0.29% 8 2.36% 0.12 

Sideswipe and Oncoming 1 0.29% 0 0.00% N/A 

Bicycle On Shoulder 

Entered Water 
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Table 79:  Continued 

Sideswipe/Rear End 17 4.90% 6 1.77% 2.77 

No Other Outcome 229 65.99% 254 74.93% 0.88 

100.00% 339 100.00% 1.00 Total 347 

  

Table 80 shows the most harmful event of both the primary and secondary ROR crashes 

on limited and non-limited access facilities.  Table 80 shows that more than one third of crashes 

on limited access roads had overturn as the most harmful event, compared to about 29 percent of 

the crashes on non-limited access roads.  Fixed object crashes, on the other hand, were somewhat 

underrepresented on limited access roads.  Crashes on limited access roads were roughly twice as 

likely to involve multiple events or entering water as those on non-limited access roads.  Because 

secondary ROR crashes are also included in this chart, vehicle-vehicle impacts are very common 

on both limited and non-limited access roads.  

 

Table 80:  Most Harmful Events in ROR Primary and Secondary Crashes on Limited and Non 

Limited Access Roads 

Limited Access Non Limited Access 
Most Harmful Event 

Number Percent Number Percent 

ORF 

Entered Water 12 2.49% 7 1.28% 1.96 

Fixed Object 84 17.46% 124 22.59% 0.77 

Impact w/Ground 5 1.04% 6 1.09% 0.95 

Multiple 55 11.43% 32 5.83% 1.96 

Overturn 168 34.93% 158 28.78% 1.21 

Vehicle-Train 0 0.00% 3 0.55% 

Vehicle-Bicycle 1 0.21% 6 1.09% 0.19 

Vehicle-Pedestrian 15 3.12% 13 2.37% 1.32 

Vehicle-Vehicle 141 29.31% 200 36.43% 0.80 

481 100.00% 549 100.00% 1.00 

0.00 

Total 

 

Distribution of fixed object crashes in Table 81 show that; overall fixed object crashes are 

somewhat less likely on limited access roads.  On limited access roads, guardrails and trees are 

the most commonly impacted fixed objects, followed by concrete walls and poles; on non-
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limited access roads, trees and poles are most common, followed by guardrails and concrete 

walls.  Barrier walls and guardrails are highly over represented on limited access facilities, while 

poles, culvert walls, bridge columns, and other less frequently impacted structures are 

underrepresented.   

 

Table 81:  Distribution of Fixed Objects by Type on Limited and Non-Limited Access 

 Limited Access Non-Limited Access  

Fixed object Num. Per. Num. Per. ORF 

Concrete Barrier Wall 26 15.3% 7 3.5% 4.35 

Bridge column 6 3.5% 4 2.0% 1.76 

Concrete Wall (Private) 0 0.0% 7 3.5% 0.00 

Building 0 0.0% 4 2.0% 0.00 

Culvert 3 1.8% 10 5.0% 0.35 

2 0.5% 2.34 

Curb 1 0.6% 5 

Fence 15 8.8% 13 6.5% 1.35 

Guardrail 52 30.6% 21 10.6% 2.90 

Sign Pole 10 5.9% 12 6.0% 0.98 

Signal Pole 2 1.2% 7 3.5% 0.33 

Utility Pole 5 2.9% 34 17.1% 0.17 

Tree 46 27.1% 68 34.2% 0.79 

Attenuator 1 0.6% 0 0.0% N/A 

Others 1 0.6% 6 3.0% 0.20 

Total 170 100.0% 199 100.0% 

Open culvert 1.2% 1 

2.5% 0.23 

1.00 
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CHAPTER 5 

CONCLUSIONS 

 

Examining all the run off the road crashes one gets a picture of a substantial number of 

ROR crashes occurring on rural limited access facilities, involving younger drivers and those 

under the influence of alcohol.  Running off the road to the left was almost as common as 

running off the road to the right, due to the high number of divided highways in which the ROR 

event involved median crossovers.  About five percent of the ROR crashes involved ramp 

departures, and fewer than one percent involved end of pavement at T-intersections.   

Approximately 25 percent of the crashes in the study set are not traditional ROR crashes, 

but crashes where the vehicle left the roadway at a gentle angle, then oversteered back onto the 

roadway, resulting in a loss of control and a subsequent crash either with another vehicle, a fixed 

object on the same or opposite side of the road, or due to overturning because of loss of lateral 

stability.  Overcorrection cases were strongly associated with alcohol, inattention, and 

fatigue/asleep, all factors that might cause the driver to drift off the roadway, and high speed, 

which tends to be associated with the vehicle’s tires encroaching on the shoulder during 

aggressive passing maneuvers.  Younger drivers are more prone to overcorrection crashes, and 

overcorrection was about 50 percent more likely to occur on road segments with rumble strips.  

The most common outcome of overcorrection was running off the road again, either on the 

opposite side (36 percent of the cases) or on the same side (33 percent of the cases).  Fewer than 

30 percent hit another vehicle (either in the same or opposite direction) following an 

overcorrection.  Fewer than five percent of the fatal crashes occurred after redirection by either a 

guardrail or a longitudinal barrier.  

Alcohol, speed, and abrupt steering input are the most common driver contributing 

factors in all ROR crashes, where alcohol is by far the most common primary contributing factor.  

Over twenty five percent of the ROR drivers were over the legal limit at the time of the crash, 

and another five percent had some alcohol in their system.  Abrupt steering input relates to both 

overcorrection following an unintentional drifting off the road, and to evasive maneuvers due to 

traffic conditions and in response to other driver behaviors.  Inattention was cited as an important 
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factor in about 15 percent of the crashes, and fatigue or sleep in about seven percent.  Wet or 

slippery conditions was by far the most common environmental factor, which was at least the 

third most important factor in about 12 percent of the cases.   

Vehicle contributing factors were fairly uncommon with the exception of tire tread 

separation and tire blowouts, which occurred in around eight percent of the crashes.  Roadway 

curvature and access points were cited as one of the three most important contributing factors in 

about eight percent of the cases, respectively.  While these features may be present in many more 

cases, this means that they were among the three most important factors in relatively few of the 

cases.  For instance, curvature was found to be present in 164 cases (almost 25 percent), but it 

was the most important factor three times, the second most important factor 14 times, and the 

third most important factor 29 times.  In the remaining cases, other factors such as alcohol and 

drug use, speed, environmental conditions, were the most important crash contributors, moving 

curvature further down and eventually off the list.  

Compared to other crash types, young (aged 15-24 year old) drivers are overrepresented 

in ROR crashes.  All levels of alcohol use, from levels below the legal limit to levels three to 

four times the legal limit, are over represented in ROR drivers.  ROR vehicles have more than 

two occupants about 50 percent more frequently than vehicles in other types of crashes, possibly 

indicating that drivers distracted by large numbers of passengers are more likely to run off the 

road.  In some cases, however, the number of passengers was greater than the number of seating 

positions, meaning that the true problem might be lack of safety equipment use making the crash 

more likely to be fatal.   

Speeding was an issue in many fatal ROR crashes; the percent of speeders actually 

increased as the posted speed increased.  For roads with posted speeds of 65 and above, 

approximately one-third of the ROR drivers were traveling at least 10 mph over the speed limit.   

About 50 percent of the ROR crashes occurred on interstates and other limited access 

facilities, with over 22 percent occurring on rural interstates.  ROR crashes are highly 

overrepresented on all limited access facilities, but underrepresented on most suburban and urban 

facilities.  ROR crashes are somewhat underrepresented on total two-three lane undivided roads 

and on rural four-five lane roads with raised medians; however, over 20 percent of the ROR 
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crashes occurred on these road classes.  Younger drivers are more likely to be involved in ROR 

crashes on interstates and roads with more lanes, and less likely to be involved in ROR crashes 

on rural and suburban two-three lane roadways.   

ROR crashes are over represented on curves; road segments with curvature account for 

almost one-fourth of all ROR crashes.  However, almost 30 percent of the curvature cases 

involved curves with radii of at least 3500’, which are relatively shallow curves.  Another 35 

percent of the curves had radii less than 1500’, typically posted at 55 mph or below, with a total 

of nine percent on curves with radii less than 500’.  In general, higher speeds were more of an 

issue on tighter curves, with about one-third of the ROR drivers exceeding the speed limit by 10 

mph on curves of radius less than 1500’.  Medical factors, decision errors, and tire issues were 

overrepresented as primary factors in roads with smaller radii.  This might indicate that the 

combination of unavoidable medical and vehicle factors with tight curves requiring proper speed 

and handling left drivers unable to control the vehicle, resulting in the ROR crash.  Other issues 

such as speed, alcohol use, distraction, and aggression, were no more common in tight curves 

than in more shallow curves; factors such as inattention and fatigue/asleep were only slightly 

overrepresented.   

Based on an analysis of both THI reports and videolog photos, rumble strips were present 

in only about 15 percent of the fatal ROR crashes.  Rumble strips were most common on limited 

access roadways, but still were only present about 20 percent of the time on urban interstates, 

about 35 percent of the time on urban toll roads and rural interstates, and about 45 percent of the 

time on rural toll roads.  Their use was negligible on all other road classes.  Given this, it appears 

that increasing the use of rumble strips could potentially reduce the number of ROR crashes in 

Florida.  However, when contributing factors are examined, rumble strips have slight to 

somewhat negative associations with crashes caused by alcohol and drug use and abrupt steering 

input, neutral association with inattention, and a positive association with fatigue/asleep and 

distraction.  This could be because of the small numbers of cases where rumble strips are present 

in the study set, or it could be because of the correlation between presence of rumble strips and 

occurrence of over correction crashes, as described previously.  
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The most common outcomes of ROR crashes were overturning and fixed object impacts, 

although other outcomes included entering water, hitting parked vehicles or vehicles on 

adjacent/parallel roadways, and hitting pedestrians.  Because of the high number of crashes 

involving multiple events (hitting a fixed object and entering water, or hitting a fixed object and 

overturning), case study reviews identified the most harmful event where possible.  In 40 percent 

of the cases, the most harmful event was overturning, and in almost 30 percent of the cases, the 

most harmful event was a fixed object impact.  Although the overturning was typically the most 

harmful event, a fixed object actually tripped the vehicle in 67 cases, which is about 25 percent 

of the cases where overturning was the most harmful event.  Culverts and culvert walls 

frequently served as tripping mechanisms, as did guardrails and bridge barriers.  Overall, the 

most common fixed objects impacted were trees, followed by guardrails and concrete walls.  

Most of the impacted objects were within 30’ from the edge of the travel lane with the exception 

of trees.  They were most commonly between 30’ and 60’ from the outer edge of the outside 

lane.  Poles, including those supporting utility cables and stoplights are the most commonly hit 

object within 30’ of the edge of travel.   

Running off the road into water occurred very infrequently.  In about one-third of the 

cases (9 of 28), the body of water was a canal protected only by a fence located between 30 and 

90 feet from the roadside.  In two cases, the vehicle vaulted a guardrail and/or bridge barrier, 

falling into the river or canal flowing under the roadway.  In these cases, along with about six 

more cases where the vehicle fell from overpasses, the inability of the guardrail/barrier system to 

contain the vehicle seems to be the more important issue than whether the vehicle landed in 

water or on the ground.   

The most common factor associated with fatalities in ROR crashes was not wearing a seat 

belt.  Air bag use showed a positive association with fatal injuries, likely because the field was 

more frequently checked in the more severe crashes where the air bag actually deployed.  Most 

motorcycle occupants died regardless of the safety equipment used.  Seat belts were much more 

effective in preventing fatalities in crashes where the most harmful event was overturning than 

where the most harmful event was a fixed object or vehicle-vehicle impact.  This is because of 

the strong association between lack of seat belt use and occupant ejection, and the strong 

association between ejection and fatality, especially in overturning cases.  Seventy percent of the 
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ejected occupants who died in the fatal ROR were ejected in crashes where overturning was the 

most harmful event, compared to fewer than 20 percent in crashes where fixed object impact 

were the most harmful event.  Conversely, this means that fixed object and ROR-related vehicle-

vehicle impacts tend to be more severe crash events, more likely to be fatal even when the 

vehicle occupant is properly belted.  Thirty-four percent of the belted occupants who died were 

in crashes where a fixed-object impact was the most harmful event, and 33 percent were in 

crashes where a ROR-related vehicle-vehicle impact was the most harmful event.   

Results from comparing crash-contributing factors on limited and non-limited access 

roads shows that left roadside departure with control loss is more of a problem on limited access 

road.  Alcohol and speed are more of a problem on non-limited access roads then on limited 

access roads, but other human crash contributing factors like inattention and fatigue/asleep 

makes up a higher percent of the ROR crashes on limited access roads.  Results show that more 

than one-third of the drivers on non-limited access roads were over the legal limit for blood 

alcohol.  About one-third of crashes on limited access facilities that involve curvature actually 

occur on the ramps; over 40 percent of the curvature-related crashes on mainlines occur on 

segments with radii of curvature greater than 3500’.  Overall, curvature is somewhat more 

frequent on non-limited access roads than on mainlines of limited access facilities; these curves 

tend to involve radii of varying degree, with over 36 percent having radii of curvature less than 

1500’.   

Over correction occurs at about the same rate on limited and non-limited access facilities, 

although the outcome is much more likely to be a head-on collision if the overcorrection 

occurred on a non-limited access road.  A higher percent of vehicles hit only pedestrians or 

entered water after running off the road on limited access roads than on non-limited access roads; 

however, impacts with pedestrians and vehicles occurred almost exclusively on limited access 

roads.  Vehicles hitting guardrails and concrete walls make up a large percent of fixed object 

impacts on limited access roads, whereas more vehicles hit poles on non-limited access roads.  

Tree crashes are very common on both facility types, but somewhat overrepresented on non-

limited access facilities.   
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5.1 Recommended Countermeasures 

Given all of these facts about fatal ROR crashes, the following countermeasures are 

recommended.  In general, educational and enforcement measures are listed first, followed by 

engineering and traffic operations type countermeasures.   

Education and enforcement measures should be directed toward reducing alcohol and 

drug use, which contributed to almost 40 percent of the ROR crashes.  While the highest percent 

of ROR drivers are below age 25, alcohol and drug use is most common among 25 to 34 year 

olds, and also common among 35-44 year olds.  This indicates that enforcement is likely a more 

effective countermeasure than education.  DUI enforcement programs would be somewhat more 

effective on non-limited access roads.   

Educational programs should be developed to train drivers how to properly respond to 

emergency driving situations.  Two situations particularly common in ROR crashes are over 

correction and tire blowout/tread separation.  When the vehicle has drifted onto the shoulder, the 

driver should be educated on the need to maintain firm control of the steering wheel without 

abrupt steering input (i.e. without jerking the wheel), remove his/her foot from the accelerator 

but avoid braking, gently redirect the vehicle back into the travel lane, then accelerate back to the 

prevailing traffic speed.  In the event of a tire blowout, the technique is the same, except that the 

driver should slowly pull off onto the shoulder and bring the vehicle to a controlled stop, rather 

than reentering the travel lane.  Two websites with such safety information are: 

www.nsc.org/library/facts/blowout.org • 

• www.cyberdriveillinois.com/publications/rules_of_the_road//rr_chpat10.html 

Education and enforcement directed at seat belt use should be considered.  The data does 

not support various urban legends involving seat belt use, such as “I wouldn’t be able to get out 

of the belt if I drove into water,” and “If I’m thrown from the vehicle in the crash, it will be 

much safer than being confined in the vehicle.”  (The former is very rare, and outcomes are 

generally independent of seat belt use, including occupants who free themselves from the vehicle 

only to drown attempting to reach the shore.  The latter simply isn’t supported by the data.)  Real 

101 

http://www.cyberdriveillinois.com/publications/rules_of_the_road//rr_chpat10.html


data on seat belt use and crash outcomes could be used as the basis for public service advertising 

campaigns. 

Education and enforcement measures should be directed toward speeding drivers, 

especially on high speed segments such as on rural interstates, and on segments where ROR 

crashes are common on relatively tight (radius less than 1500’) curves.   

Appropriate warning signs (maximum safe speed, chevrons), pavement markings 

(painted chevrons or other shoulder delineators), and roadside safety hardware (guardrails) 

should be considered for use on curves with high rates of or potential for ROR crashes.  

Appropriate warning or regulatory speed limit signs should be placed on exit ramps to ensure 

that drivers slow down sufficient prior to reaching the ramp curvature.  Many exit ramps do not 

have mandatory or cautionary speed limits posted. 

Due to the low number of fatal crashes associated with redirection, and the high number 

of fatal crashes associated with median cross-over, especially on limited access facilities, median 

guardrails are recommended on segments with high traffic volumes and relatively narrow median 

widths.  Guardrail designs should be evaluated regarding their potential for tripping vehicles, 

contributing to rollover crashes.   

Sites with soft shoulders, whether composed of grass, sand or other soft soils, should be 

evaluated for their potential to trip ROR vehicles.  Potential countermeasures include improving 

the quality of the soil/grass shoulder, or providing additional paved shoulder width.  While a less 

frequent cause of tripping, designs of drainage culverts and culvert walls should be reevaluated, 

given the fact that when hit, they result in rollovers more frequently when compared to other 

types of fixed objects.  Over correction on non-limited access facilities, about half of the cases, 

typically involves dropping off the paved shoulder onto the grass.  Although drop-offs are a 

relatively infrequent factor in ROR crashes in Florida; the severity of such drop-offs could be 

evaluated in conjunction with a program to improve soft shoulders.   

Because of the high rates of ROR crashes on road segments without rumble strips, 

including a large number of crashes on limited access facilities, rumble strips should be 

considered on all roads with high rates of or potential for ROR crashes.  Two concerns regarding 
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rumble strips are the potential for interfering with bicycle use on the shoulders, and their 

potential association with overcorrection crashes.  For the former reason, rumble strips are not 

recommended on roads with speed limits below 50 mph where shoulders are used by bicyclists 

unless there is minimum clear path of 0.3m (1 feet) from rumble strip to travel way, and 1.2 m (4 

feet) from rumble strips to the outside edge of paved shoulder.  Regarding the overcorrection 

issue, it has been suggested that varying the position, depth, and placement method (e.g. rolled 

into fresh pavement rather than milled into existing pavement) can affect the sound volume 

resulting from driving over the rumble strips.  Additional research into this issue should be 

undertaken.   

Although running off the road into water and running off the road into pedestrians and/or 

parked vehicles are relatively infrequent, the specific nature of the crashes points towards a few 

effective countermeasures.  Regarding running off the road into water, a large percent of these 

crashes occurred on a single road segment, which is I-75 in Collier county, more commonly 

known as Alligator Alley.  Specific remediation concerning this roadway segment, including 

relocating the canal or providing an improved barrier system, might be warranted.  Regarding 

pedestrian and vehicle impacts, the vast majority of these occur on limited access facilities and 

often involve disabled vehicles or other vehicles parked on the shoulders.  Increased use of 

incident management patrols (e.g. the Road Ranger program), as well as increased awareness of 

the dangers of standing on the shoulder of a high speed roadway in an emergency situation, 

might serve to reduce the number of this type of collision.   

Because fixed object impacts are more severe than other types of ROR crashes and less 

preventable by improve seat belt use, roadside designs should be reevaluated in an effort to 

ameliorate the effect of fixed objects.  A comprehensive program should be developed to remove 

or relocate objects in hazardous locations, or provide crash cushions or other protective barriers 

in locations where this is impractical.  This program should be undertaken on both limited and 

non-limited access facilities, as few differences in the rates of fixed object crashes were seen 

between the two facility types.  FDOT should work to educate private owners regarding the 

danger and potential liability of not providing a safe clear zone for the traveling public.   
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