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ABSTRACT 

 

 

The highway fatality rate in Florida remains unacceptably high. The Florida 

Department of Transportation’s Safety Office proposed conducting research on the fatal 

crashes on state roadways of Florida. The data set contained only fatal Commercial 

Motor Vehicles (CMV) crashes for the years 1998 and 1999; and all fatal crashes for the 

year 2000. This research investigates the causative factors for the rollover crashes with a 

special focus on the rollover crashes involving sports utility vehicles (SUV’s). A 

literature review found that despite crash test results that indicate a tendency to rollover 

in SUV’s, little research has focused on SUV behavior in actual crash conditions. This 

may be because many crash reports do not differentiate SUV’s as a distinct vehicle type. 

The primary purpose of this study was to determine effect of vehicle choice and 

other crash characteristics on fatal crash involvement and survivability between SUV’s 

and non-SUV’s. The non-SUV’s involve the vehicle types such as automobiles, 

passenger vans, pickup trucks and CMV’s. The research investigates the driver, vehicle, 

environment and roadway factors related to the causation of crashes and fatalities in 

SUV’s and non-SUV’s. The primary approach used in this study is the case-by-case 

review of rollover crashes. Every case was studied in detail to find the contributing 

factors that led to crash, such as driver age, distraction, inattention, speeding, vehicle 

defects and so on. Statistical inference tools have been used, such as hypothesis testing, 

confidence intervals and a simplified method of frequency distribution called 

overrepresentation factor. The overrepresentation factor is the ratio of percentage of the 

subset to the complement of the subset. Also, several summary and cross tab analyses 

were performed to investigate the correlation between different variables in the fatal 

rollover crashes. 

It was concluded with 95 percent confidence that SUV’s are three times likely to 

rollover than the non-SUV’s. The rollover fatality rate of SUV’s was significantly higher 

than the other type of crashes in the SUVs. But it was observed that, if involved in a 

rollover, SUV’s have lower fatality rates than non-SUV. In examining the factors 
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contributing to rollovers SUV’s are highly overrepresented in tire blowout and tire tread 

separation crashes. 

Even though there are more males driving SUV’s, females are overrepresented in 

rolling over SUV’s. It was also found that younger and older drivers are rolling over 

SUV’s more often than the middle-aged drivers. There was significantly less alcohol/drug 

abuse on part of SUV’s drivers involved in crash than the non-SUV’s drivers, which is 

indicative of the fact that it is easier to rollover SUVs than non-SUV’s. 

From the case reviews of rollover crashes, it was seen that 61% of crashes 

occurred due to incapacitation, 26% due to driver inattention, and 9% due to failure to 

negotiate curve. It was seen that 79% of the drivers were ejected during the rollover. The 

main cause of rollover was tripping mostly on grass, which was seen in 80% of the cases.  
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CHAPTER 1 

OVERVIEW 

 

 

1.1 Introduction: 

In the United States the transportation infrastructure is mainly dominated by the 

roadway system. Thus it is very important to ensure safe commutes on these roadways. 

Owing to the increasing rate of fatalities per year, research is being carried out by various 

agencies into reducing the highway fatality rate. Third only to California and Texas the 

highway fatality rate in the State of Florida remains unacceptably high, with more 

fatalities every year. To reduce fatalities, the State Safety Office of the Florida 

Department of Transportation (FDOT) proposed conducting research of traffic fatalities 

on the state roads of Florida. In 2000 there were 1685 fatal crashes on the state roads of 

Florida. Out of which there were 180 CMV crashes. For the years 1998 and 1999, the 

data obtained contains only those fatal crashes involving the commercial motor vehicles. 

The Figure 1.1 shows the distribution of the fatal crashes considered in the data set. 

The data available from the FDOT database is limited. It incorporates data from 

Florida Traffic Crash Report (FTCR). The limitations of FDOT database were 

questionable accuracy of crash report, difficult to differentiate causative factors without 

reviewing events and crash diagrams from homicide report, lack of details especially 

driver attitudes and actions. To determine the actual causes of the crash, it was necessary 

to obtain more detailed data. Thus the goal of this project is to go beyond the data 

currently available from the FTCR. Other data was obtained from the Florida Highway 

Patrol (FHP) and other local law enforcement agencies Traffic Homicide Investigation 

(THI) reports. A comprehensive Oracle database was then created which incorporated all 

the information available from FTCR, THI reports and site visits conducted in cases of 

questionable sites. Then a web based query tool SQL was used for getting the 

information from the database.  It is expected that this study will identify both 

engineering and behavioral issues impacting both the occurrence and the outcome of 

these crashes. The results of this study will be used to suggest countermeasures, guide 

future design standards as well as to develop education and enforcement programs 
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Figure 1.1: Statewide Location of Fatal Crashes in Florida 

 

. Amongst the various types of crashes, SUV rollover crashes have still dominated 

the fatality rates. According to the federal government, rollover crashes kill one of every 

four people who die in auto accidents. This study deals with the fatal rollover crashes on 
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the state roads of Florida, in the years 1998 through 2000. For the years 1998 & 1999 the 

data contains only those crashes involving Commercial Motor Vehicles. A special focus 

is rollover crashes involving SUV’s. 

This project explains in brief the evolution of sports utility vehicles (SUV’s). It 

discusses the various safety issues associated with SUV’s. This research compares the 

SUV rollovers with other vehicle type rollovers, to find out whether there is a difference 

in the rollover behavior between SUV’s and other vehicle types. Further it investigates 

the causes associated with rollover SUV crashes. 

In investigating fatal rollover crashes statistical analysis was used as appropriate. 

However, the primary approach was an in-depth case-by-case analysis. Every case was 

studied in detail to find the various deficiencies and contributing factors (e.g. driver 

action, roadway defects, safety measures etc) along with available photographic and 

video evidence. Based on the available evidence, the case studies finds the actual and/or 

potential causes of rollover crashes related to driver behavior, roadway geometry and 

environmental factors. This data is aggregated to look at trends involving both SUV and 

rollover crashes. The report also makes some suggestions in reducing the severity of 

crashes and injuries inflicted during the crash.  

 

1.2 Goals & Objectives: 

 

The main purpose of this study is to perform an in depth analysis of the rollover 

crashes to determine the causative factors and survivability rates. It aims in determining 

the factors contributing to these rollovers and subsequent fatalities. The overall goal of 

this project is to determine effect of vehicle choice and other crash characteristics on fatal 

crash involvement and survivability. The following objectives and related tasks were 

established during the study of this project. 

 

1) To study all the FTCR and Traffic homicide reports in detail and create an 

accurate database incorporating the data from the these reports; 

2) Investigate the rollover and vehicle type as factors in fatal crash involvement; 
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3) Investigate the driver, vehicle and environmental factors related to crashes and 

fatalities in SUV’s and Non-SUV’s; 

4) To determine the ejection rates in SUV’s and Non-SUV’s relative to seatbelt 

usage. 

5) To examine whether geographical location has a effect on fatality rates such 

as rural and urban. 

6) To suggest countermeasures to reduce the rollover crash and fatal injuries. 
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CHAPTER 2 

BACKGROUND 

 

 

As the number of motor vehicles and the vehicle miles traveled increase so are the 

traffic crashes. Traffic and highway engineers are continually working towards 

improving the roadway systems in order to minimize the traffic related accidents. They 

also work with law enforcements in developing the traffic laws, such as speed limits and 

drinking; educating people about understanding and obeying traffic signals and laws; 

developing a sense of responsibility amongst drivers to drive defensively; and to increase 

the general safety awareness amongst drivers. Various education programs related with 

speeding, driving under influence and others are developed for people to understand the 

importance of regulations. 

Rollovers are complex kind of accidents and violent in nature [1]. All vehicle 

types are prone to rollover. But taller and narrower vehicles like pickup trucks, passenger 

vans and SUV’s are more likely to rollover in single vehicle crash due to their high center 

of gravity.  

 

2.1 Causative Factors for Traffic Crashes: 

 

The occurrence of traffic crashes poses a challenge to the traffic safety engineers 

[2]. Before investigating how to stop traffic crashes it is important to understand what 

causes these crashes. Thus the important question is “What are the causes for these traffic 

accidents?”, “What sequence of events lead to rollovers and subsequent property damage 

and loss of lives?” The causes of crashes and rollovers are usually complex and involve 

many factors. Based on the illustrations it is possible to construct a list of categories that 

could influence the occurrence of rollovers. If the factors that have contributed to the 

crash are identified it is then possible to modify and improve the transportation system. 

Rollover and other traffic crashes are caused due to interaction of vehicle, driver, 

roadway and environmental factors. These factors will be reviewed in the following 

section. 
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2.1.1 Driver Characteristics: 

The major contributing factors for many crashes is the performance of driver in 

both single vehicle and multi-vehicle crashes [2]. The pre crash driver behavior and 

attitude is very important in judging the driver actions. These include the pre crash driver 

psychology, surrounding traffic, distractions like cell phone, cigarettes etc, medical 

conditions and alcohol and drugging abuse. Another important factors, like inattention to 

roadway, speeding, disregarding traffic control devices and or traffic laws, which could 

be a result of unfamiliarity with roadway. 

The changes in perception-reaction time of drivers depend on age, whether the 

person is tired or under alcohol and or drug influence and whether the stimulus is 

expected or unexpected. The driver age also plays an important role in the causation of 

crashes. A younger driver could also be associated with inexperienced driving. An older 

driver has longer perception-reaction time. It is well known that with age the vision and 

hearing acuity also reduces.  

The time of the day also affect the driver vision. The glare from the sunlight 

during the day or the glare from another vehicle affects the driver vision. The glare 

recovery time changes with the age of the driver. It is longer for older drivers. Glare 

vision is important during night driving especially on two lane highways. 

The driver history also tells a lot about the driving mentality of the person. It can 

be safely concluded from the number and type of citations and charges given, the type of 

driving for example reckless driving, no regard for traffic signs, speeding etc. 

 

2.1.2 Vehicle Characteristics: 

The mechanical problem in vehicles is another important factor that contributes to 

traffic crashes [2]. The vehicle defects such as faulty brakes, worn tires and other defects 

affect the controlling of vehicle especially at high speeds. It is observed that at high speed 

the tires blow out leading to loss of control. Tire tread separation is another factor that 

leads to loss of control. The vehicle and roadway interaction like skid resistance play a 

major role in stopping the vehicle from encroaching the off road features like shoulder, 

median and other traffic signage. All these factors are studied in the case reviews to 
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determine exactly what initiated rollover. Other vehicle characteristics like wheel base 

and height of center of gravity play an important role in rollover crashes.  

 

2.1.3 Roadway Characteristics: 

The roadways conditions like the quality of pavements, shoulders, traffic control 

devices and intersections, can be a factor in the crash [2]. Fewer traffic control devices 

and complex intersections with excessive signage leads to confusion. Highways must be 

designed for adequate sight distances for designed speed for the driver to have enough 

perception-reaction time. The traffic signals should provide enough time for decision 

sight distance when the signal changes from green to red. The super-elevation on 

highways and especially ramps should be carefully laid with correct radius and 

appropriate transition zones for the vehicles to negotiate curves safely. Another important 

factor is the frictional forces between the pavement and tires. If the tires lose contact with 

the pavement then the vehicle starts fishtailing. 

 

2.1.4 Environment Characteristics: 

The climatic and environmental conditions can also be a factor in transportation 

crashes [2]. The most common is weather. Weather on roads can contribute to crashes; 

for example wet pavement reduces friction and can cause the vehicle to hydroplane. 

Many severe crashes have been caused due to fog.  Fog reduces visibility. The vehicles 

traveling at high rate of speed are unable to see the slowing and or stopped vehicles in 

front of them, which can lead into multi-vehicle pileup. This can be seen in one of the 

crash where there was sixteen-vehicle pile-up due to fog. 

This research concentrates on rollover crashes of SUV’s and other Non-SUV’s. 

The following sections describe the vulnerability of SUV in rollover crashes. 

 

2.2 Sports Utility Vehicles: 

 

 SUV’s have taken over American roads in spite of the many dangers posed by 

them [1]. They are the rage amongst buyers of all classes due the luxurious lifestyle they 

portray. SUV’s now have become more of a status symbol rather than a utility vehicle. 
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The success of these vehicles comes from the sturdy looks of the vehicle and the 

marketing strategies used by their automakers. The advertisements and commercials of 

SUV’s hype them as the best-chosen vehicles for outdoor adventure with lots of room for 

families and their gear. The spaciousness and illusionary safe looks of these vehicles 

lures people into buying them ignoring the threats these vehicles pose to other road users. 

 According to market surveys by the automakers, people wanted a vehicle that 

would allow them to get a better view of roadway and extra carriage space. Thus 

automakers came with the design of these taller and narrower vehicles. Little did they 

know about the propensity of these vehicles to tip over. When the stability of SUV’s 

became an issue, already these vehicles were very popular among people. The words like 

off-road travel and four-wheel drive permeated amongst buyers like wildfire. The 

commercials of SUV’s depict fashion, style, and aggressiveness, which tempt buyers of 

all levels and age. Earlier these vehicles remained the commodities of high income 

families but now since the prices of SUV’s are going down, cash back rewards and zero 

percent financing more and more people are falling trap to these gas guzzlers. In spite of 

the low gas mileage, high pollution rates and stability issues the sales of SUV’s are still 

on the rise. 

 

2.2.1 History: 

Knowing the popularity and stability issues associated with sports utility vehicles 

one would wonder how these vehicles came into existence. Sports utility vehicles 

(SUV’s) have come from the family of station wagons [3]. A station wagon is a car with 

extended rear cargo area. Earlier they were called as the “depot hacks” (hacks being 

abbreviated form of “hackney carriage,” an old name for taxis) because they were used at 

train depots to transport people & cargo. They were also called as “carryalls” and 

“suburbans.” 

The birth of SUV’s dates back to post World War I, when the military wanted 

light vehicles with four wheel drive to carry men and heavy machine guns [1]. Thus, 

Willys-Overland came up with Jeeps for World War II. After the war, Willys moved into 

family vehicles and developed the Jeep station wagon, which came with four-wheel 

drive. It did not find much of the market as people wanted elegant and more curvaceous 
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models then. But other competitors like Ford and Chevrolet were inspired and came up 

with the Bronco and Suburban respectively.  

 

2.2.2 Myths about SUV’s: 

Traditionally, SUV’s are based on the full size pickup truck underbody, thus they 

have the high, heavy and stiff underbodies as compared to cars [1]. They are less fuel-

efficient and more polluting than cars. The four-wheel drive marketing strategy used in 

promoting these vehicles is in fact of little use in urban areas where there are paved 

roads. The four-wheel drive is actually useful for off road traveling on non-paved 

mountain tracks, icy pavements, and muddy roads. SUV drivers claim that their extra 

height aids them in having a better view of the road ahead. This would be helpful in case 

of uneven- unpaved terrain not where there are paved smooth roads. The high bumper 

height is meant for the off road vehicles to prevent them from being scratched unlike the 

passenger cars. However, research shows they have a tendency to tipping over when 

involved in an accident due to their height. The height also obstructs the view of the 

driver of passenger car traveling behind a SUV. In case of an accident or traffic stoppage 

ahead, it would be difficult for the vehicle traveling behind a SUV to anticipate and stop 

in time. Due to their high bumper heights, these vehicles would potentially prove deadly 

when involved in accidents with smaller vehicles. It is true that these vehicles sustain 

lesser damage than the passenger cars, but one cannot rule out that they are more likely to 

trip over due to their high center of gravity. It is a belief among the SUV buyers that the 

vehicle is safe for its own occupants, which is less likely as they have virtually no 

crumple zones to absorb the force of impacts. Thus it is more likely the impact would be 

transferred to the occupants of SUV. These vehicles are not only unsafe for other vehicles 

but they are lethal for pedestrians. SUV’s are heavier, stiffer and geometrically more 

blunt than passenger cars and pose a different type of threat to pedestrians. When a 

passenger car strikes a pedestrian, it hits on the lower part of the body and causes leg 

injuries throwing the person away from the vehicle, which improves the chances for 

surviving. But if a SUV hits the pedestrian then its hits on the upper part of the body 

which makes the person more likely to be run over by the SUV with almost no chance for 

survival. The size and weight of these vehicles is also intimidating when these vehicles 
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pass by on narrow roads. The sheer size and menacing appearance makes the car owners 

feel less safe due to the growing number of SUV’s on road. These big vehicles also lead 

to traffic congestion as less number of vehicles can pass during the green light. Even in 

parking lots, it is difficult to maneuver SUV’s due to their large steering angle and size. 

Due to the heavy engines, which consume more gas and emit large quantities of smog, 

does not make them environmental friendly either. 

 

2.3 Focus: 

 

Based on these facts regarding SUV’s, an investigative study into fatal SUV rollover 

crashes as opposed to the other vehicle rollover crashes was proposed. This project deals 

with rollover crashes in the State of Florida. Several factors that potentially contribute 

either to crash or the rollover, are studied, including, 

• Vehicle characteristics – size, speed, tire tread separation 

• Driver characteristics – actions, age, alcohol/drug impairment, attitude, 

distractions 

• Roadway characteristics – geometry, defects, construction, curvature 

• Environment conditions – time of day, visibility, road surface condition 

Fatality contributing factors are also investigated, including, 

• Safety equipment – seat-belt, airbag 

• Type of injuries sustained 

• Ejection 

• Vehicle type and size 
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CHAPTER 3 

LITERATURE REVIEW 

 

 

This project relates to the real-life fatal crashes on the State Highways in the State 

of Florida involving vehicle rollovers. The main focus of the study is in determining the 

various factors influencing the rollovers. Not a lot of literature was found on rollover 

crashes in the State of Florida. Thus a review was carried out to find out if similar 

researches were carried out in other states. A comprehensive search of the relevant 

literature on vehicle rollovers and driver injuries was done. These can be divided into 

case/statistical studies of real-life crashes, vehicle dynamics/simulation studies, crash 

testing studies and consumer information studies.  

Several studies try to identify the main factors that influence rollover crashes. 

Viner examined the importance of the problem of run-off-road vehicles that rollover on 

slopes and ditches by analyzing Fatality Analysis Reporting System (FARS) data and 

New Mexico crash data [4]. Rollover on slopes and ditches was identified as the leading 

cause of driver fatalities in run-off-the-road, accounting for about one-fourth of the driver 

fatalities. On rural roads, slope rollovers account for more driver fatalities than any 

specific object struck, whereas on urban roads, both tree and utility pole impacts account 

for more fatalities than slope rollovers. This paper also found that about half of fatal 

rollovers occur on curves. 

 Richardson et al. developed a statistical description of patterns of motor-vehicle 

crash types among drivers of different age and sex in order to identify underlying 

differences in behavior and ability [5].  The data source used was the Hawaii Motor 

Vehicle Accident file. They examined the interactions between driver age and sex, crash 

type and vehicle type. They also suggested that young drivers have much higher 

frequency of rollovers, that pick-up trucks have much higher frequency of rollover and 

that young male drivers more frequently drove these vehicles. Head-on, rollovers, and 

rear-enders indicate reckless behavior and poor judgment commonly attributed to the 

young driver.  
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Farmer et al. studied the association of characteristics of the driver, roadway 

environment, and vehicle with the likelihood of rollover [6]. Light truck injury and fatal 

crashes involved rollover more often than car crashes, and this was true for a variety of 

crash circumstances. Rollover risk was highest on rural curves, but even urban curves 

were risky for young drivers of the smaller light trucks. Larger vehicles tended to roll 

over less often than smaller vehicles of the same type, but specific vehicle comparisons 

point out the need for more information. Fatality Analysis Reporting System (FARS) and 

the National Center for Statistics and Analysis (NCSA) datasets were used for the study.  

Donelson et al. focused their study on rollovers in single-vehicle crashes 

involving light-duty trucks [7]. Statistical models of fatality risk were developed with 

multivariate logistic regression applied to data on single-vehicle rollovers of any severity. 

Their study was based on the data from the Fatality Analysis Reporting System. 

Differences in rates for light trucks decreased greatly and, in general, became statistically 

insignificant. Studies comparing fatality-based rates among vehicles need careful, 

statistical control of factors that increase the risk of fatal injury. Researches suggest that 

fatal crashes are rare and have special attributes. Rollover research specific to vehicles 

would do well to concentrate on crashes of any severity, which, for vehicles grouped by 

make and model, demands reference to large-volume files maintained by states.  

McGinnis et al. studied the run-off-road (ROR) fatal crashes and analyzed the 

data to see how driver characteristics such as gender, age, and alcohol usage relate to 

ROR crashes [8]. The data used for this analysis was from Fatality Analysis Reporting 

System and the National Personal Transportation Studies. In their report they inferred 

that young drivers, male drivers, drivers over 70, sports utility vehicles (SUV’s), 

rollovers, and alcohol pose special challenges for roadside safety improvements efforts. 

Males 20 to 24 years of age have ROR crash rates 3.3 times females of the same age. The 

number of sports utility vehicles involved in ROR crashes increased nearly 600%. 

Seventy percent of fatal ROR crashes with utility vehicles involve a rollover. Rollovers 

rates for vans and pickups involved in fatal ROR crashes are nearly 5 times those for non-

ROR crashes. 

A part of this literature review was to find out if the methodologies we apply in 

this project have been previously employed, study their results and the lessons learned 
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from them. Eskandarian et al used a case-study approach to study the compatibility of 

vehicles and roadway safety hardware [9]. In order to examine the vehicle to guardrail 

interaction more closely and identify compatibility issues, a thorough investigation of 

individual crash cases from the NASS/CDS database was performed. A web based query 

tool was developed to facilitate access to complete NASS/CDS case information. The 

tool was used to query the NASS/CDS database with a user-defined set of crash 

attributes. Once the cases were chosen, the tool allowed the individual cases to be 

reviewed in a simple and easy to read format. 

Hendrix et al studied the relative frequency of unsafe driving acts in serious 

traffic crashes to determine the specific driver behaviors and unsafe driving acts (UDAs) 

that lead to crashes, and the situational, driver and vehicle characteristics associated with 

these behaviors [10]. This study was performed using a fair sample of serious crashes 

involving passenger vehicles in United States, selected using the National Automotive 

Sampling System (NASS) protocol. An 11-step process was used to evaluate the crash, 

determine the primary cause for each crash and uncover the contributing factors. Both 

univariate and multivariate analyses were performed using SAS statistical package. A 

relative involvement for each value of each profile variable was computed to determine 

the over and under representation. A relative involvement index (Ir) was used to 

determine the over and under representation by taking, the natural log of a level for a 

crash configuration relative to all crash configurations. If the value of Ir obtained was 

greater than zero, then the row was overrepresented in the column relative to the total 

column for a crash type and, otherwise, it was underrepresented. This method was similar 

to the method of analysis employed in this research with the difference that natural log 

was not computed for the ratio of crash factors; and instead of zero, one was used as the 

cut-off value for over and under representation. This study identified six causal factors 

associated with driver behavior that occurred at relatively high frequencies. Driver 

inattention ranked the highest followed by vehicle speed, alcohol impairment, perceptual 

errors, decision errors and incapacitation. 

Another notable study done by Parrish et al. at the University of Alabama 

developed the Critical Analysis Reporting Environment (CARE) software system to 

analyze automobile crash data [11]. CARE provides an intuitive interface that 
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transportation safety engineers can use to obtain useful information from the responses to 

a fixed set of multiple-choice questions on automobile crash forms completed by law 

enforcement officials.  

CARE is mainly designed for transportation safety engineers and policymakers, 

without having to rely on statisticians for the interpretation of data. Instead of digging 

into advanced statistics, the system uses the concept of an “overrepresentation” as a 

simple extension of frequency distributions. It is a simple method of finding the statistical 

significance of the results obtained. Overrepresentations require the definition of two data 

subsets: the experimental subset and a comparison or control subset. To calculate the 

degree of overrepresentation for a particular attribute value, the first step is to determine 

that value’s occurrence in both the experimental and control subsets, computed as a 

percentage, and then divide these two values.  

The overrepresentation factor method is very useful in representing large volumes 

of data & comparing numerous attributes. Thus the researchers decided to employ this 

method in this project. The method will be discussed in detail in the next chapter. 

John Kindelberger et al studied the younger driver in the age group of 16-24 

involved in SUV rollover crashes in the years 1992 through 2001 [12]. The data from the 

Fatality Analysis Reporting System was used in this study. This study the addresses the 

topics of younger driver in SUV crashes, relative risk of rollover among differing age 

groups, rollovers in aging SUV’s and age groups that are at high risk. To test the 

significance of relative risks and odds ratio under the National Automotive Sampling 

System’s General Estimates System (GES) sample design, the SUDAAN (Survey Data 

Analysis Software for Statistical Analysis of Correlated Data) software package was 

utilized. The study revealed that the drivers of ages 16-24 were more likely to rollover 

SUV than older drivers above age 25. Among younger drivers of SUV’s that crashes, 

males were more likely to rollover SUV’s than females. They found that older SUV’s in 

crashes were more likely to rollover than the newer SUV’s. The limitations of this study 

was restricted to more general characteristics and does not address behavior-based 

variables such as alcohol, speeding and safety belt usage.  

A search on relevant literature revealed that there were not many researches on 

sports utility vehicles concentrating on the contributing causes for rollovers such as 
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driver, vehicle, roadway and environmental. This may have been due to the fact that most 

of the researchers use the Florida Department of Transportation’s CAR database for 

analysis. And, The CAR database and FTCR do not differentiate the SUV’s from other 

vehicle categories. 

 



16 

CHAPTER 4 

METHODOLOGY 

 

 

The research investigates the contributing causes for crashes where there were 

one or more fatalities. The data is comprised only of crashes that occurred on state 

roadways of Florida. For the years 1998 and 1999, only the crashes involving one or 

more Commercial Motor Vehicles (CMV’s) are considered, including those crashes 

where the CMV was involved in a crash with other vehicles. This was done to provide a 

larger set of CMV crashes for analysis. For the purposes of this study, there are assumed 

to be no time dependent variations in the three years of CMV data. CMV’s include both 

heavy trucks (with 2 or more rear axles) and truck tractors (cabs), which typically tow 

one or more trailers. These correspond to vehicle types 5 and 6 on the DHSMV crash 

report.  

The main objective of the study undertaken was to review the contributing causes 

for crashes and fatalities. To investigate these objectives, the fatal crash data was 

collected and a comprehensive Oracle database was created to aid analysis. To study 

these fatal crashes in detail, the project was divided into four main tasks and their 

subtasks. The different tasks that were carried out are described below. 

 

4.1 Data Collection 

 

 The primary step for this project was to collect fatal crash data for the study set 

described previously. For any fatal crash that occurs there are two types of reports 

created, namely, the Fatal Traffic Crash Report (FTCR) and the Traffic Homicide 

Investigation Report (THI). The FTCR’s are prepared for all fatal and non-fatal crashes; 

in case of a fatality, a detailed THI report is prepared by crash investigating officers who 

are specially trained. 

Law enforcement agencies report the traffic crashes on the FTCR form. The 

reporting officer at the crash scene prepares the FTCR. It is a brief report which gives the 
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date and time; location of the crash; vehicles involved in the crash; vehicle information; 

the driver, passenger and pedestrian (if involved) information; summary of the crash; 

crash scene diagram; final rest positions of the vehicles, etc. It has various codes for the 

vehicle type, alcohol & drug use; safety equipment used; first & second harmful event, 

road conditions at the time of crash, traffic control devices present; contributing causes of 

driver/pedestrian and similar other information to aide officer in explaining the crash 

events. The typical FTCR is shown in Appendix F. The Florida Department of Highway 

Safety and Motor Vehicles (DHSMV) collects the paper forms, warehouses the data and, 

for crashes on state roads, supplies crash data to the Florida Department of Transportation 

(FDOT). Copies of Fatal Traffic Crash Reports and electronic records were furnished by 

the FDOT for this project.  

The Florida Highway Patrol (FHP) and other law enforcement agencies usually 

conduct a detailed traffic homicide investigation when a crash is fatal. Traffic homicide 

reports are significantly more detailed reports than the crash reports, prepared by 

specially trained officers. The detailed report includes the scaled crash scene diagram and 

sometimes reconstruction information. It also furnishes any available background 

information prior to the crash of the drivers/pedestrians. This helps in understanding the 

state of the mind of driver, such as whether the person was under lot of stress, if he had a 

fight with someone, if there were alcohol/drugs involved, whether the person was fleeing 

from police, etc. The report gives the detailed information of the state of roadway during 

the time of crash. It describes the signage present, the speed zones posted, whether there 

was ongoing construction, roadway defects, etc. The THI report typically provides the 

driver’s histories, autopsy reports and the different citations issued. The driver history 

tells a lot about the type of driver, for instance, the person who has violated many statutes 

within a short period of time is classified as a reckless driver, and so on. The autopsy 

report not only tells us about any controlled substance present, but whether the death was 

as a result of the crash or other medical problems. When obtainable, traffic homicide 

reports were reviewed, as they were a significant source for verifying, augmenting, or 

correcting information found in the original crash report. Both paper and computer based 

reports were obtained. 
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4.2 Data Entry & Case Review  

 

To facilitate the analysis, a computerized database called “Fatal Crash Study” was 

created in Oracle. The data from both the crash report and THI report was incorporated in 

the database. The main objective of this data entry was to go beyond the data that was 

available from existing computerized databases based primarily on the crash report. A 

thorough review of all cases was conducted to find and note any discrepancies on the two 

reports. After a careful reading of both the reports, a sequence of events was established 

for the crash. As the part of the review, research tasks included: 

1. Checking the data consistency between FTCR and THI reports. Inconsistencies 

were noted and database fields corrected in the Fatal Crash Study database, where 

necessary. One of the largest source of inconsistencies involved alcohol and drug 

use. The alcohol or drug use field is usually left blank/pending. This field is 

usually never updated after obtaining the results of the test. Many times 

alcohol/drug testing is not recommended by the officers if the driver they think is 

not at-fault or if there are no clear symptoms of alcohol use. It is necessary to 

understand that any amount of alcohol even below legal limit may hinder the 

decision process. The traffic homicide report consists of results based on autopsy 

and other medical information but the crash report does not incorporate that.  

2. Determining the at-fault vehicle or pedestrian, as indicated by the traffic homicide 

investigator. Noted when there was an inconsistency with the FDOT at-fault 

determination (based primarily on vehicle sequence number), and where there 

were questionable causes or multiple faults. The typical practice among law 

enforcement officers is to use section one of the FTCR for data on the at-fault 

vehicle or pedestrian. The reporting officer enters data on the vehicle which 

he/she thinks is at-fault. However, this is not done all the time, especially in 

crashes with large number of vehicles or where a pedestrian was at-fault. In 

addition, the result of homicide investigation sometimes indicates as otherwise. 

This new information from the THI needs to be appended to the original report, 

which in many cases is not done. (One such case was the rear end collision of two 

vehicles. Vehicle one which had old driver was rear ended by the vehicle two 
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with young driver. The driver of vehicle one died. The driver of vehicle two 

reported that the vehicle one was stopped in the middle of the roadway and he had 

no time to react. Thus, vehicle one was entered as at-fault vehicle. After the 

homicide investigation it was realized that the crash scene was construction zone 

and there were some steel plates in the middle of roadway which caused the driver 

of vehicle one to slam the brakes and stop. After the vehicle two rear-ended, 

vehicle one did not move forward because the brakes were applied and the rear 

end of vehicle one was elevated. This new information that the vehicle two is at-

fault vehicle instead of vehicle one was never updated on crash report.) This and 

many other cases lead to wrong or inconsistent data. The assignment of wrong at-

fault vehicle often happens in pedestrian cases. Even though the pedestrian is at-

fault, the vehicle information is entered in section one. Thus the information is 

misinterpreted thinking that the vehicle is at fault.  It was possible to eliminate 

most of these errors after a careful study of the crash from the THI report and 

other detailed sources, but that was only limited to fatal crashes in the data set, in 

consideration. 

3. Developing the sequence of events for the crash, after a careful review of both 

crash report and homicide report. Assignment of the crash type for all the crashes. 

In some cases, certain fields in the FTCR’s like narrative, crash diagram etc were 

left blank stating that the detailed information is to be found in THI report. Since 

the homicide investigations are not submitted along with the crash reports to the 

central repository, the data in the FDOT database is often incomplete for these 

crashes. And since homicide reports were not available for all the crashes, it was 

impossible to even state the sequence of events of the crash.  

4. Reviewing the driver history where available. This included past crashes and/or 

citations, including adjudications issued. Ranked the drivers depending on the 

driver history from clean record to prior vehicular manslaughter. 

5. Reviewing crash circumstances and categorizing those identifying potential 

contributing causes as environmental, roadway, vehicle and person 

(driver/passenger/pedestrian). There were further subcategorized as potentially 
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significant, moderate and minor depending on the influence of the factor on the 

crash. 

6. Determining the necessity and priority of a site visit. Least priority was given to 

those crashes, which were exclusively driver errors; and the highest priority was 

given those that had major roadway design and traffic operations issues that had 

potentially contributed to the crash. Site visits were also conducted to collect 

various measurements and other data not available from the crash diagrams and 

FDOT video log. 

7. Reviewing the citations issued for the crash, it was noted where statutes were 

violated but citations were not given due to fatality. It was also noted where 

statutes were violated but citations were not given. 

8. Determining the vehicle model and assigning the vehicle subtype to vehicles. The 

vehicle model was decoded from the VIN decoder in most of the cases where it 

was not possible to get the model from homicide reports. Vehicle subtype was 

assigned based on the classification by the Environmental Protection Agency 

(EPA) and United States Automotive Industry.  The classification of the vehicles 

used by these agencies is shown in the Table 2 and 3. 

9. To have compatibility in the database, coding of the data was done so that there 

would be consistency and uniformity in the results obtained. It is important to 

note that crash data for every crash is discrete and unique. Hence, it was 

sometimes very difficult to code a crash as of particular type, since a crash can 

have several events like runoff road, overturned, entered median and hit an object, 

etc. Thus to categorize it as one particular crash type would not be appropriate. 

Every effort has been made to obtain consistency in crash types and contributing 

factors. A set of protocols, which was developed during the data entry, was very 

useful for maintaining the uniformity of the database. Refer appendix for set of 

protocols. Due to the different academic backgrounds of the researchers there 

were some inconsistencies developed at this level too. But these were minimal 

and were eliminated when cited. 
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4.2.1 Resources:  

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

 

4.2.1.1 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.  

 

4.2.1.2 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 

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 
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as road change overtime, thus it is not possible to get the exact characteristics of the 

crash. 

 

4.2.1.3 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 4.1: Crash Scene Photos 

 

Figure 4.1 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 
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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.  

 

4.2.1.4 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. 

 

 

Figure 4.2: Example of Video Logs 
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4.2.1.5 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. 

 

4.2.1.6 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 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.  

 

4.3 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 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. 
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The Florida Traffic Crash Report provides the following categories for identifying 

vehicle type: 

01 = Automobile 

02 = Passenger Van 

03 = Pickup Truck 

04 = Medium Truck 

05 = Heavy Truck 

06 = Truck Tractor 

07 = Motor Home (RV) 

08 = Bus 

09 = Bicycle 

10 = Motorcycle 

11 = Moped 

12 = All terrain Vehicle 

13 = Train 

77 = Other 

It does not include a separate category for SUV’s, even though many of the 

vehicles on road are SUV’s. Hence, when the officers fill out the crash report, they code 

SUV’s from the available vehicle type codes, typically as an automobile (01) but often as 

a light truck (03). Sometimes SUV’s were also coded as seventy-seven which are “Other 

Vehicles”. Most of the common codes used for SUV’s are passenger cars, passenger 

vans, pickup trucks and others. To calculate the number of SUV’s involved in crashes it 

was very important to know the vehicle model or vehicle type since just the vehicle make 

does not tell anything about the vehicle type. The main reason for missing model data 

was the absence of a field space for reporting the vehicle model on the crash report. The 

vehicle model data was obtained from the THI reports when available. In case of missing 

THI reports vehicle model was retrieved from VIN decoding software. The vehicle model 

obtained from the matching VIN’s from our and FDOT database were used. Based on the 

model vehicle subtype such as compact, midsize large etc, was assigned. For assigning 

the vehicle types the classification of vehicles by Environmental Protection Agency 

(EPA) and United States Automotive Industry were used, which are shown in Figure 4.1  
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& 4.2. The VIN’s, which were not decoded, were verified with the crash report and the 

errors in reporting were noted. 

 

Table 4.1: Classification of Vehicles by Environmental Protection Agency 

Sedans (based on passenger & luggage volume) 

Minicompact less than 85 cubic feet 

Subcompact 85–99 cubic feet 

Compact 100–109 cubic feet 

Mid-size 110–119 cubic feet 

Large 120 or more cubic feet 

  

Station Wagons (based on passenger & cargo volume)  

Small less than 130 cubic feet 

Mid-Size 130–159 cubic feet 

Large 160 or more cubic feet 

  

Trucks 

Vans, small Pickups 
trucks having a Gross Vehicle 

Weight Rating less than 4,500 lbs. 

Large Pickups 
trucks having a Gross Vehicle 
Weight Rating of 4,500–8,500 lbs. 

 

Table 4.2: United States Automotive Industry Classification 

Size 
W eight  

( pounds)  

W heelbase 

( inches)  

Overall length 

( inches)  

Subcom pact  — <  100 <  175 

Com pact  <  3,000 100–105 175–185 

Midsize <  3,500 105–108 185–200 

Full size 3500+  110+  195+  

 

Another important problem was with rollover cases. The Department of 

Transportation uses the first harmful event and second harmful event, which are the 

attributes of the crash to indicate whether there was a rollover involved.  It does not state 

which vehicle rolled over. In investigating the rollover crashes it is important to know 

which vehicle type rolled over and what factors influenced the rollover, like whether it 

was high center of gravity, which is definitely a vehicle characteristic. Another point is, if 

the vehicle rolled over as the consequence of other crash events, it will never be stated as 
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the harmful event. It is important to note that rollovers are the main causes of fatality, 

even in low energy rollover events due to complete or partial occupant ejection, 

especially when the seatbelt is not in use and violent vehicle dynamics. 

Although every effort is made to obtain consistent and complete database, there 

still exists some inconsistency. The main sources of inconsistencies in data were either 

due to limitation on crash report, in reporting by the investigating officers or at the data 

entry level. Another notable source was the algorithms used by the Department of 

Transportation, which by default determines the driver of section as at-fault. 

 

4.3.1 Data Set in Consideration: 

The data set for this research was comprised of all rollover crashes. The scope of 

this project and limitations on the data available from the FDOT restricted the cases on 

State roadways only. The distribution of rollover cases by year is shown in Table 4.3. 

 

Table 4.3: Fatal Rollover Cases 

Crash Year 

Heavy Trucks All Crashes Crash Types 

1998 1999 2000 

Total 

Rollover Cases 54 46 436 536 

Non-Rollover Cases 145 152 1249 1546 

Total Cases 199 198 1685 2082 

 

As can be seen from Table 4.3, the percentage of rollover crashes in the year 1998 

and 1999 involving heavy trucks was comparatively higher than the percentage of 

rollover crashes for the year 2000, which was only 26%. But the percentage of rollover 

crashes for the year 2000 was slightly more than the non-rollover crashes, which were 

81.3% and 80.8% respectively.  

The basic approach taken for this study was case-by-case review. The factors 

influencing rollovers and other contributing causes would be studied in further detail for 

these cases.  
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4.4 Data Analysis: 

 

Two basic types of analysis were performed in this project. First, a detailed case 

by case review for the rollover cases to investigate the potential driver attributes and 

behavioral patterns; rollover characteristics such as number of quarter turns and such 

other factors was performed. And secondly a number of summary and cross tab analyses 

were performed to investigate correlation between different variables for example, injury 

severity versus the safety equipment usage, etc, in the fatal rollover crashes. The 

statistical analysis tools used for the analysis are explained below. 

The chi-square test is a statistical test, most commonly used for discrete data 

hypothesis testing. This test of independence is for testing the null hypothesis that two 

criteria of classification, when applied to a population of subjects are independent. If they 

are not independent then there is an association between them. The chi-square test 

provides a method for testing the association between the row and column variables in a 

two-way table. The null hypothesis H0 assumes that there is no association between the 

variables (in other words, one variable does not vary according to the other variable), 

while the alternative hypothesis Ha claims that some association does exist. The 

alternative hypothesis does not specify the type of association; so close attention to the 

data is required to interpret the information provided by the test. From the chi-square 

value the p-value is determined, which concludes whether to accept or reject the null 

hypothesis. P-value is nothing but the probability of obtaining data as extreme or more 

extreme than the current data assuming null hypothesis is true. 

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. 
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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 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 

underrepresentation 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. Underrepresentation 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 
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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: 

 

SUV_RO_OF =         SUV_RO_ST 

     NON_SUV_RO_ST 

 

Where: 

SUV_RO_OF = SUV rollover overrepresentation factor 

SUV_RO_ST = Percent of crash subtype (e.g. crashes in county, day of week, 

etc.) involving SUV rollover  

NON_SUV_RO_ST = Percent of crash subtype involving non-SUV rollovers 

 

A SUV_RO_OF of 1.0 indicates that rollovers occur in the crash subtype at the 

same rate for SUV’s as they do in the non-SUV population. A number higher than one 

means that SUV’s are more likely to rollover than other vehicle types for the crash 

subtype; this means SUV’s are overrepresented in rollover crashes. On the other hand, if 

the SUV_RO_OF is less than one it means that SUV rollovers are underrepresented for 

the crash subtype. This factor is very useful in differentiating trends between the rollover 

crashes of SUV’s and non-SUV’s. 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 

population of SUV’s and non-SUV’s. Sometimes the conclusions are not obvious, 

especially with low sample sizes. In order to draw appropriate conclusions and 
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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 SUV’s, it is found that SUV’s 

are rolling over on average at 3 times the rate of non-SUV’s. It is known that the average 

rolling rate of SUV’s will not be exactly 3 times that of Non-SUV’s in the total 

population, 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 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: 

 SUV Non-SUV 

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. 

For example, the following Table 4.3 shows the rollover crashes for SUV’s and 

Non-SUV’s. The detailed calculations are shown below. 
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Table 4.4: Rollover Crashes  

Vehicles SUV’s 
Non-

SUV’s 
Total ORF Min CI Max CI Level 

Rolled Over 126 397 523 2.78 2.37 3.27 Over 

Non Rollover 180 2288 2468 0.69 0.63 0.76 Under 

Total 306 2685 2991         

 

Risk of SUV roll = 







306

126
 

Risk of non-SUV roll = 







2685

397
 

ORF = 

















2685

397

306

126

 

 

ORF = 2.81 

(SUV’s are represented in rollover crashes at approximately 3 times the rate that 

non-SUV’s are, or they are overrepresented by a factor of 3.) 

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

SE (lnOR) = 
)2685(

)397/2288(

)306(

)126/180(
+  

SE (ln (OR)) = 0.082 

Min CI = 2.37 

Similarly, 

Max CI = 3.27 

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 SUV’s are 

overrepresented in the crash subtype with 95% confidence. Likewise, if the upper limit is 

below one, then SUV’s are underrepresented. However, if the value of one is between the 

upper and lower limits, the data does not support either overrepresentation or 
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underrepresentation; either because of too small a sample size or an OR factor is too 

close to one. 

Another statistical method called odds ratio was used to compare whether the 

probability of certain event is same in the two groups. For example, considering the 

dataset, the probability of rollover in SUV’s and in non-SUV’s. The odds ratio is useful 

measure of association for case-control study.  

The odds for an event, is the ratio of probability of the event relative to the 

probability that the event does not occur. In other words, odds of an event are calculated 

as the number of events divided by the number of non-events. 

 

Characteristics SUV roll 
Non-SUV 

roll 

Yes A C 

No B D 

 

Odds of characteristics for SUV rollover = 
B

A
 

Odds of characteristics for non-SUV rollover = 
D

C
 

Odds Ratio = 

















D

C

B

A

 

An odds ratio greater than one indicates that the odds of a positive response are 

higher in Row 1 than in Row 2, i.e. the odds of the characteristics being seen in a SUV 

rollover are higher than the odds of the characteristics being seen in a non-SUV rollover. 

If the odds ratio is less than one, then it means that the odds of the characteristics being 

seen in a non-SUV rollover in Row 2 is higher than the odds of the characteristics of the 

SUV rollover in Row 1. The strength of association increases with deviation from one. 

The greater the odds ratio the higher is the association between positive response for 

rollover and SUV’s. 
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CHAPTER 5 

RESULTS 

 

 

5.1 Introduction: 

A number of results have been obtained from the analysis of fatal crashes in the 

State of Florida. The distribution of fatal and non-fatal crashes for the time period in 

consideration on the state roadways of Florida is shown in Table 5.1. Note that, over the 

three-year period, CMV crashes were fatal 2.44 percent of the time, while non-CMV 

crashes were fatal only 1.16 percent of the time. The non-fatal database was obtained 

from the Florida Department of Transportation’s CAR database, and is used only for the 

comparison sake. It will not be used for analysis purposes. 

 

Table 5.1: Fatal & Non-Fatal Crashes – State Roadways 

Crash Year 

CMV Crashes CMV Crashes Other Crashes Crash Type 

1998 1999 2000 All Years 2000 

Total 

Non-Fatal Crashes 7671 7901 8100 23672 130256 153928 

Fatal Crashes 199 198 180 577 1505 2082 

Percent Fatal 2.59% 2.51% 2.22% 2.44% 1.16% 1.35% 

 

Distribution of Fatal Crashes Districtwise
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Figure 5.1: District Wise Distribution of Fatal Crashes 
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Figure 5.2: County-wise Distribution of Fatal Crashes 
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The data set consisted of 2082 fatal crashes across the state of Florida. The district 

wise distribution of fatal crashes is shown in Figure 5.1. As can be seen from the Figure 

5.1, the district one has the highest number of fatal crashes followed by district five. As 

the concentration of this project is on rollover crashes, the county wise distribution of 

fatal rollover and non-rollover crashes is shown in Figure 5.2. As can be seen from the 

above Figure 5.2, the highest non-rollover crashes occurred in Dade County while highest 

number of rollover crashes occurred in Broward County. 

The Florida Department of Transportation classifies vehicles according to their 

type such as automobiles, passenger vans, pickup trucks, medium trucks, heavy trucks, 

motorcycles, bicycle and so on. Figure 5.3 shows the various vehicle types involved in 

fatal crashes. Forty five percent of vehicles involved in fatal crashes were passenger cars 

followed by CMV’s (heavy trucks) and pickup trucks, which accounted for 17% and 16% 

of the vehicles respectively.  The class of “Other vehicles” refers to the vehicle types 

such as motorcycles, trains, buses, motor homes and bicycles. These vehicle types are not 

considered in this analysis as the focus is on rollovers; two-wheelers have excessive 

rollovers i.e. they fall on their side every time they are involved in an accident. In 

addition, the driver getting ejected on two-wheelers is more likely than the driver getting 

ejected from a passenger car. Also, the set of trains, buses and RV’s is very small in 

number. Thus these vehicle types are not considered in the analysis. 

 

Percentage Vehicle Types Involved in Fatal Crashes
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Figure 5.3: Vehicle Types Involved in Fatal Crashes 
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As can be seen from the Figure 5.3, there is no separate category for sports utility 

vehicles on the Florida Traffic Crash Report. The SUV’s were often classified as 

passenger cars and pickup trucks and sometimes as passenger vans or other (i.e. none of 

the above). Following VIN decoding to determine model and subtype, as described in 

section 4.3, the classification of SUV’s as per the investigating officer on the original 

crash report is shown in Figure 5.4. Obviously, there is no clear understanding of how to 

classify a SUV on the present crash form. The current distribution of different vehicle 

types involved in fatal crashes in the study period separating out the SUV’s is shown in 

Figure 5.5. 

 

Classification of SUVs by Reporting Officers
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Figure 5.4: Classification of SUV’s by Reporting Officers 
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Figure 5.5: Vehicle Types Including SUV’s 
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To see how these crash involvement rates compare to the distribution of the 

vehicles on the roadway, data from National Household Travel Survey was used. Figure 

5.6 shows the proportion of household vehicle types on road. Data from the year 2001 

most closely matched the time frame of our study. Since only cars, vans, SUV’s, pickups 

and other vehicles are considered in the Household Travel Survey, Figure 5.6 shows the 

percent involvement of only those vehicle types in the Florida Fatal Crashes. Comparing 

the two datasets, it appears that autos, vans, pickup trucks are involved in fatal crashes at 

approximately the same rate at which they are owned / driven. Other vehicles are 

somewhat overrepresented in the crashes and SUV’s are somewhat underrepresented. 

These figure the rate at which the vehicles are involved in the crashes. 
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Figure 5.6: Comparison of Vehicle Types in Fatal Crashes 

* SOURCE: The 2001 National Household Travel Survey, vehicle file, U.S. Department 

of Transportation. 
 

 

5.2 Overall Characteristics: 

 

To find whether there is any difference between the rollover rates of SUV’s and 

non-SUV’s the research began by formally stating the hypothesis. The data set in 

consideration is shown in the Table 5.2. As the data set is discrete, the Chi-square test 



39 

was used for testing the independence of the rollover rates of SUV’s and non-SUV’s. 

From the chi-square value, the p-value is obtained, which is indicative of whether to 

accept or reject the hypothesis. For this test, the significance level is chosen at 0.05. This 

means if the p-value is below the significance level, then the null hypothesis is rejected 

otherwise it is accepted. 

 

Null: There is no difference in the rollover rates of SUV’s and Non-SUV’s 

Alternative: There is a difference in the rollover rates of SUV’s and Non-SUV’s. 

 

Table 5.2: Data Set for Hypothesis Testing 

Rollover SUV’s 
Non-

SUV’s 
Total 

Rolled Over 126 397 523 

Non Rollover 180 2288 2468 

Total 306 2685 2991 

 

Chi-square = 
26853062468523

))180397()2288126(()12991( 2

×××
×−××−

 

       = 132.553 

P-Value = 0.0001 

The p-value is less than the chosen significance level of 0.05. This difference is 

considered to be extremely significant. Hence we reject the null hypothesis and accept the 

alternative hypothesis. This means that there is difference in the rollover rates of SUV’s 

and non-SUV’s. Now that it is known that there exists difference in rollover rates of 

SUV’s and non-SUV’s, the further discussion will comprise of how different SUV 

rollover rates are compared to non-SUV’s and what factors contribute to these rollovers. 

Table 5.3 shows the crash involvement of different vehicle types in rollovers. As 

can be seen from the table, automobiles and CMV’s are underrepresented in rollovers. 

This means that automobiles and heavy trucks do not rollover as frequently as other 

vehicles in the data set. In other words, they are overrepresented in other type of crashes. 

Whereas passenger vans, pickup trucks and sports utility vehicles are overrepresented in 

rollover crashes. Sports utility vehicles are three times more likely to rollover compared 

to other vehicle types. SUV’s are highly overrepresented in rollovers. Medium trucks are 
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underrepresented in the data set, however this cannot be stated with 95 percent 

confidence as the upper limit of the confidence interval is above one. Figure 5.7 shows 

the crash involvement of vehicle types by rollovers. 

 

Table 5.3: Vehicles Involved in Fatal Crashes 

Vehicle Type Rollover 

Non-
Rollover Total ORF Min CI Max CI Level 

Automobile 154 1316 1470 0.55 0.48 0.63 Under 

Passenger Van 58 143 201 1.91 1.43 2.56 Over 

Pickup/Light Truck 100 284 384 1.66 1.35 2.04 Over 

Sports Utility Vehicles 126 180 306 3.30 2.69 4.06 Over 

Medium Trucks 11 57 68 0.91 0.48 1.72 Unsure 

Commercial Motor Vehicles 74 488 562 0.72 0.57 0.90 Under 

Total 523 2468 2991         
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Figure 5.7: Vehicles Involved in Fatal Crashes 

 

Further discussion will investigate the general trends of rollover crashes to 

contrast patterns related to rollovers between SUV’s and non-SUV’s. 

Table 5.4 shows the number of SUV’s and non-SUV’s involved in rollover 

crashes and those involved in non-rollover fatal crashes for comparison only. There were 

523 vehicles that rolled over in vehicle types one through six. Note that there are just 10 
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percent of SUV’s involved in fatal crashes, but approximately 41 percent of them rolled. 

This is a significant number as compared to Non-SUV rollovers, which were only 14 

percent. Thus it can be said SUV’s are three times much likely to rollover than the non-

SUV’s. Conversely, the non-SUV’s are less likely to be in a rollover than the SUV’s. 

 

 

 

 

Figure 5.8: Statewide Location of Rollover Crashes in the Dataset 
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Table 5.4: Rollover Vehicles in Dataset 

Rollover SUVs 
Non-

SUV's Total ORF Min CI Max CI  Level 

Yes 126 397 523 2.78 2.37 3.27 Over 

No 180 2288 2468 0.69 0.63 0.76 Under 

Total 306 2685 2991         

 

To compare how SUV’s fare with Non-SUV’s in rollover crashes, refer to Table 

5.5. It can be seen that SUV are overrepresented in fatal rollover crashes as compared to 

non-SUV’s. This means that fatality rates in SUV’s are higher than those in non-SUV 

rollover crashes. It is not possible to conclude the rollover fatality rates here without 

taking into consideration the various vehicle types involved in the non-SUV group. 

 

Table 5.5: Number of Fatalities in Rollover Vehicles 

Rollovers SUV Non-SUV ORF Min CI Max CI Level 

Non-Fatal 17 77 0.69 0.42 1.12 Unsure 

Fatal 109 315 1.08 0.99 1.17 Unsure 

Total 126 392         

 

Rollovers are severe crashes and often violent in nature. Thus the occupants are 

more likely to suffer severe injury or fatality in a rollover event. SUV’s tend to rollover 

due to their high center of gravity and narrower wheel base. Table 5.6 shows the number 

of fatalities that occurred in SUV rollover crashes as compared to SUV non rollover 

crashes. The average number of fatalities in SUV rollover crashes is 0.86; in other words 

there are 86 fatalities every 100 crashes. For the non-rollover SUV crashes there are 31 

fatalities per 100 crashes. From the table it can be seen that though there were fewer 

number of rollover crashes, there were more fatalities in these crashes as compared to 

non-rollover crashes. 

 

Table 5.6: Number of Fatalities in SUV’s 

SUV Roll Non-Roll ORF Min CI Max CI Level 

Non-Fatal 17 123 0.43 0.27 0.68 Under 

Fatal 109 57 5.95 4.75 7.45 Over 

Total 126 180         
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Table 5.7 and Figure 5.9 examine the contributing or initiating factors for rollover 

crashes. Here the crash types are differentiated by the first event that occurs prior to 

rolling over. For instance, the vehicle lost control, ran off road and overturned; crossed 

median, hit oncoming traffic and overturned, etc. In short, the crash types describe the 

event that initiated or occurred before the vehicle overturned. It can be seen from figure 

that SUV’s are mostly rolling over due to tire tread separation. Tire tread separation 

crashes are highly overrepresented in rollovers of SUV’s than non-SUV’s. 

Table 5.8 and Figure 5.10 examine the SUV and non-SUV rollover crashes by the 

days of week. It can be seen that SUV rollover crashes are fairly distributed throughout 

the weekdays except for Wednesday, Saturday and Sunday. SUV crashes are 

overrepresented on Sunday. On the other hand there is high number of non-SUV rollover 

crashes on the weekdays, with significantly lesser crashes on weekends.  

 

Table 5.7: Rollovers by Crash Types 

Crash Type SUV Non-SUV ORF Min CI Max CI Level 

Crossed Centerline 7 34 0.65 0.29 1.43 Unsure 

Loss of Control 0 3 0.00 N/A N/A N/A 

Non-Signalized Intersection 8 37 0.68 0.33 1.42 Unsure 

Overturn 1 4 0.79 0.09 6.98 Unsure 

Obstruction in Road 1 1 3.15 0.20 50.01 Unsure 

Pedestrian 0 3 0.00 N/A N/A N/A 

Ran off Road 71 217 1.03 0.86 1.23 Unsure 

Rear End 11 35 0.99 0.52 1.89 Unsure 

Side Impact 0 8 0.00 N/A N/A N/A 

Sideswipe 5 11 1.43 0.51 4.04 Unsure 

Signalized Intersection 6 25 0.76 0.32 1.80 Unsure 

Tire Blowout 6 10 1.89 0.70 5.10 Unsure 

Tire Tread Separation 10 9 3.50 1.46 8.42 Over 

Total 126 397         

 

Table 5.8: Rollover Crashes by Days of Week 

Days of Week SUV Non-SUV ORF Min CI Max CI Level 

Monday 16 56 0.90 0.54 1.51 Unsure 

Tuesday 12 57 0.66 0.37 1.20 Unsure 

Wednesday 18 39 1.45 0.86 2.45 Unsure 

Thursday 8 51 0.49 0.24 1.01 Unsure 

Friday 17 72 0.74 0.46 1.21 Unsure 

Saturday 28 73 1.21 0.82 1.78 Unsure 

Sunday 27 49 1.74 1.14 2.66 Over 

Total 126 397         
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Crash Types in Rollover Crashes

6
%

0
%

6
%

1
%

1
%

0
%

5
6

%

9
%

0
% 4

% 5
%

5
% 8

%9
%

1
%

9
%

1
%

0
%

1
%

5
5

%

9
%

2
%

3
% 6

%

3
%

2
%

0%

10%

20%

30%

40%

50%

60%

Crosse
d Centerlin

e

Lo
ss 

of 
Con

trol

Non-Signalize
d Interse

ctio
n

Overtu
rn

Obstru
ctio

n in Road

Pedestri
an

Ran off R
oad

Rear
 End

Side
 Im

pac
t

Sidesw
ipe

Signalize
d In

terse
ctio

n

Tire Blowout

Tire Tread Separation

Crash Types

R
o

ll
o

v
e
r 

V
e
h

ic
le

s

SUV Non-SUV

 

Figure 5.9: Rollovers by Crash Types 
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Figure 5.10: Rollover Crashes by Days of Week  
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5.3 Vehicle Characteristics: 

 

This section analyzes vehicle characteristics of the fatal rollover crashes. The 

vehicle characteristics such as vehicle size, vehicle defects and vehicle movement are 

studied in the following sections. The fatality rates are also studied with respect to the 

vehicle size. 

 

5.3.1 Vehicle Size: 

Vehicle size plays an important role in rollover. Table 5.9 looks at the rollover 

rates of different vehicles by their subtypes. In this comparison also all the three SUV 

subtypes are highly overrepresented in rollovers compared to other vehicle subtypes. It is 

observed that large vans are rolling over frequently followed by the compact pickups. 

Whereas, the automobiles and heavy trucks rollover less frequently or are 

underrepresented in the group. 

 

Table 5.9: Rollover Rates by Vehicle Subtypes 

Number of Vehicles Percent of Vehicles 
Vehicle Subtype 

Rolled Non-Rolled Rolled Non-Rolled 
ORF Min CI Max CI Level 

Subcompact Auto 28 326 5.85 12.41 0.47 0.32 0.68 Under 

Compact Auto 50 297 10.44 11.31 0.92 0.70 1.23 Unsure 

Midsize Auto 38 440 7.93 16.76 0.47 0.34 0.65 Under 

Full Size Auto 15 254 3.13 9.67 0.32 0.19 0.54 Under 

Minivan 39 155 8.14 5.90 1.38 0.98 1.93 Unsure 

Large Van 18 44 3.76 1.68 2.24 1.31 3.85 Over 

Compact Pickup 54 189 11.27 7.20 1.57 1.18 2.09 Over 

Large Pickup 42 206 8.77 7.84 1.12 0.81 1.54 Unsure 

Compact SUV 12 15 2.51 0.57 4.39 2.07 9.31 Over 

Midsize SUV 95 117 19.83 4.46 4.45 3.46 5.73 Over 

Large SUV 13 29 2.71 1.10 2.46 1.29 4.69 Over 

Other Light Truck 0 10 0.00 0.38 0.00 N/A N/A N/A 

Other Medium Truck 16 66 3.34 2.51 1.33 0.78 2.27 Unsure 

Heavy Truck 59 478 12.32 18.20 0.68 0.53 0.87 Under 

Total 479 2626       

 

Since SUV’s are taller and narrower they are more prone to rolling over. After the 

established fact that SUV’s are more prone to rollovers than other vehicle types, it is 

important to investigate which size SUV’s rollover more frequently. To examine whether 
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the size of the SUV is important factor in rollovers, a comparison of SUV size and 

rollovers is shown in Table 5.10. From the available data, it is impossible to draw 

significant conclusion for compact, midsize and large SUV’s. This is because all of the 

SUV’s in general, are equally likely to be involved in rollover as they are in non rollover 

crash.  

 

Table 5.10: Classification of SUV’s by Vehicle Size 

SUV Size Rollover 
Non-

Rollover 
Total ORF Min CI Max CI Level 

Compact 12 17 29 0.98 0.62 1.54 Unsure 

Midsize 101 126 227 1.11 0.79 1.57 Unsure 

Large 14 33 47 0.59 0.37 0.93 Under 

Total 127 176 303         

 

 

5.3.1.1 Fatality Rates of Vehicles by Size: 

The following Table 5.11 examines the rollover fatality rates by the vehicle 

subtypes. It can be observed that vans, pickups, SUV’s and CMV’s are overrepresented 

in rollover fatality rates. The automobiles are comparatively safer vehicles when it comes 

to rollovers and rollover fatalities in the group. Thus it can be stated with 95 percent 

confidence that automobiles are underrepresented both in rollovers and rollover fatality 

rates. 

It was seen that CMV’s are less likely to rollover, but in an event of rollover they 

are highly overrepresented in the fatality rate. This can be attributed to the fact that the 

sheer size and weight of these vehicles proves fatal in rollovers. On the brighter side in 

non-rollover crashes CMV’s are the safest in the group. Refer Table 5.12 to look at the 

fatality rates in general for the data set. The fatality rates for automobiles, compact 

pickups and SUV’s (compact and midsize) are higher than the other vehicle subtypes. A 

person is more likely to die in a smaller vehicle than in larger one. 

 

5.3.2 Vehicle Defects: 

To see whether vehicle defects contributed to rollovers odds ratio was computed 

for defects in SUV’s and non-SUV’s. In most of the rollover crashes, the defective 
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Table 5.11: Rollover Fatalities by Vehicle Subtype 

Vehicles with 
Fatalities 

Percent Vehicles with 
Fatalities Vehicle Subtype 

Rolled Non-Rolled Rolled Non-Rolled 

ORF 
Min 
CI 

Max 
CI 

Level 

Subcompact Auto 23 186 6.05 18.67 0.32 0.21 0.49 Under 

Compact Auto 47 142 12.37 14.26 0.87 0.64 1.18 Unsure 

Midsize Auto 33 244 8.68 24.50 0.35 0.25 0.50 Under 

Full Size Auto 13 134 3.42 13.45 0.25 0.15 0.44 Under 

Minivan 28 50 7.37 5.02 1.47 0.94 2.30 Unsure 

Large Van 15 15 3.95 1.51 2.62 1.29 5.31 Over 

Compact Pickup 50 74 13.16 7.43 1.77 1.26 2.49 Over 

Large Pickup 34 61 8.95 6.12 1.46 0.98 2.18 Unsure 

Compact SUV 9 6 2.37 0.60 3.93 1.41 10.97 Over 

Midsize SUV 80 39 21.05 3.92 5.38 3.74 7.74 Over 

Large SUV 13 8 3.42 0.80 4.26 1.78 10.19 Over 

Other Light Truck 0 1 0.00 0.10 0.00 N/A N/A N/A 

Other Medium Truck 6 7 1.58 0.70 2.25 0.76 6.64 Unsure 

Heavy Truck 29 29 7.63 2.91 2.62 1.59 4.33 Over 

Total 380 996             

 

Table 5.12: Fatality Rates in Vehicle Subtypes 

Number of Vehicles Percent of Vehicles 
Vehicle Subtype 

Fatal Non-Fatal Fatal Non-Fatal 
ORF Min CI Max CI Level 

Subcompact Auto 211 145 15.27 8.35 1.83 1.50 2.23 Over 

Compact Auto 191 159 13.82 9.15 1.51 1.24 1.84 Over 

Midsize Auto 277 203 20.04 11.69 1.72 1.45 2.03 Over 

Full Size Auto 147 123 10.64 7.08 1.50 1.19 1.89 Over 

Minivan 78 116 5.64 6.68 0.85 0.64 1.12 Unsure 

Large Van 30 32 2.17 1.84 1.18 0.72 1.93 Unsure 

Compact Pickup 125 120 9.04 6.91 1.31 1.03 1.66 Over 

Large Pickup 96 153 6.95 8.81 0.79 0.62 1.01 Unsure 

Compact SUV 15 12 1.09 0.69 1.57 0.74 3.35 Unsure 

Midsize SUV 119 96 8.61 5.53 1.56 1.20 2.02 Over 

Large SUV 21 21 1.52 1.21 1.26 0.69 2.29 Unsure 

Other Light Truck 1 9 0.07 0.52 0.14 0.02 1.10 N/A 

Other Medium Truck 13 69 0.94 3.97 0.24 0.13 0.43 Under 

Heavy Truck 58 479 4.20 27.58 0.15 0.12 0.20 Under 

Total 1382 1737             

 

 

vehicle was the primary contributing cause of collision. Table 5.13 shows the number of 

vehicles with defects and no defects. Defective equipment contributed to a small number 

of crashes; approximately 14 percent of the vehicles had some defects at the time of 

crash. The calculations of odds ratio is shown below, 
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Table 5.13: Vehicle Defects 

Rollover Crashes Vehicle 
Defects SUV Non-SUV 

Defects 16 48 

No Defects 110 349 

 

 

Odds of defects of SUV = 
110

16
= 0.145 

Odds of defects of Non-SUV = 
349

48
= 0.137 

Odds Ratio = 
137.0

145.0
= 1.05 

 

It can be seen that odds ratio is very near to one that means that there is no 

difference between SUV’s and Non-SUV’s having defects involved in rollover crashes. 

In other words the vehicle defects and rollover crashes in SUV’s and Non-SUV’s are 

independent of each other. There is no effect of vehicle defects on rollover crashes. 

However, the vehicles with defects are studied to find which defects contributed to 

rollovers according to the reporting officers. 

Table 5.14 and Figure 5.11 summarize vehicle and equipment defects in the fatal 

rollover traffic crashes. To assess which defects are predominant in the rollover crashes, 

refer to Table 5.14. As can be seen from the table there were 20 crashes, which were 

caused due to puncture/blowout that were noted as tire tread separation crashes by the 

homicide officers. In case of vehicles with defects, the officers on a case-by-case basis, 

depending primarily on whether the driver knew about the fault prior to the crash, 

determined the at-fault driver. For instance, a SUV crash involving Ford Explorer Sport 

occurred due to tire tread separation. The driver of the SUV expired at the scene but she 

was not charged since the crash occurred due to equipment failure. The tires were 

examined and it was proved that they had more than adequate tread wear depth. But in 

other tire tread separation crashes drivers were charged, as equipment failure was not the 

only contributing factor in the crash. 
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Table 5.14: Vehicle Defects in Rolled Vehicles 

Vehicle Defects SUV 

Non-
SUV 

% 
SUV 

% Non-
SUV ORF 

Min 
CI 

Max 
CI Level 

Defected Brakes 0 3 0.00 6.25 0.00 N/A N/A N/A 

Worn/Smooth Tires 1 16 6.25 33.33 0.19 0.03 1.30 Unsure 

Defective/Improper Lights 0 1 0.00 2.08 0.00 N/A N/A N/A 

Puncture/Blowout 9 11 56.25 22.92 2.45 1.25 4.82 Over 

Equipment/Vehicle Defect 1 1 6.25 2.08 3.00 0.20 45.25 Unsure 

All Other 4 14 25.00 29.17 0.86 0.33 2.23 Unsure 

Unknown 1 2 6.25 4.17 1.50 0.15 15.46 Unsure 

Total 16 48             
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Figure 5.11: Vehicle Defects by Rolled Vehicles 

 

5.3.3 Vehicle Movement: 

Table 5.15 and Figure 5.12 examine the vehicle movement or the action of each 

vehicle prior to the crash. As can be seen in the table most of the vehicles were moving 

straight ahead at the time of crash. This is true with other analysis, which shows that most 

of the crashes were due to run off roads and loss of control while moving straight on 

road. It can be seen from the table that SUV are overrepresented in “All Other” type 

vehicle movement. But it cannot be said with 95 percent confidence, since the lower limit 

falls below one. This type of vehicle movement refers to those vehicle movements other 
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than those stated in the list such as, entering the road from the median. For instance in 

one of the crash the vehicle veered of the road, entered median and became airborne 

before striking another vehicle. These types of cases are usually described as all others 

since various types of vehicle movements occur prior to crash and it is difficult to classify 

them as one. Another type of vehicle movement that is overrepresented in Non-SUV 

rollover crashes is the left turn cases. For example, in one of the left turn cases, the driver 

jumped the red light and while making a left turn struck oncoming vehicle, skidded and 

overturned. Considering the small dataset it is difficult to conclude the results with 95 

percent confidence.  

 

Table 5.15: Vehicle Movement in Rollover Crashes 

Vehicle Movement SUV Non-SUV ORF Min CI Max CI Level 

Straight Ahead 110 333.00 1.04 0.96 1.13 Unsure 

Slowing/Stopped/Stalled 0 8.00 0.00 N/A N/A N/A 

Making Left Turn 2 10.00 0.63 0.14 2.84 Unsure 

Making Right Turn 0 3.00 0.00 N/A N/A N/A 

Changing Lanes 8 24.00 1.05 0.48 2.28 Unsure 

Properly Parked 0 3.00 0.00 N/A N/A N/A 

Improperly Parked 0 1.00 0.00 N/A N/A N/A 

Passing 2 7.00 0.90 0.19 4.28 Unsure 

All Other 4 8.00 1.58 0.48 5.14 Unsure 

Total 126 397         
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Figure 5.12: Vehicle Movement in Rollover Crashes 
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5.3.4 Rollover Characteristics: 

 

Owing to severity of rollover crashes, it is very important to understand how and 

why these rollovers occur. There are mainly two types of mechanisms that are 

responsible for rolling over the vehicle, namely tripping and un-tripping. 

 

5.3.4.1 Tripping Mechanism: 

Tripping mechanism occurs when the vehicle runs off the road and encounters 

soft soil or loose gravel; hits roadside objects such as guardrail or curb; or hits point fixed 

object. The high tripping force applied to the tires during these situations causes the 

vehicle to rollover. Tripping mechanism can most commonly be observed in most of the 

rollover crashes. 

 

5.3.4.2 Un-tripped Rollovers: 

 These types of rollovers are occurring less frequently compared to tripping 

mechanism. The un-tripped rollover occurs due to weight shift on the tires or due to loss 

of lateral stability of the vehicle. During the weight shift the load of the entire vehicle 

comes of two tires and the vehicle topples over. Sudden abrupt steering or maneuver 

causes this type of rollover, especially when sudden brakes are applied due to obstruction 

on the road. 

Figure 5.13 examines the rollover mechanism for the vehicle that rolled over in 

the dataset. As can be seen that 92 percent of the times the rollover occurred due to 

tripping. There were in all only 8% of the un-tripped rollover. 49% of rollovers occurred 

by tripping on grass, followed by 27% tripping due to other vehicles, while 24% vehicles 

rolled over after colliding with point fixed object such as utility poles, trees, guardrails 

etc. The distribution of tripping for SUV’s and non-SUV’s is given in Table 5.17. 

 

Table 5.16: Rollover Mechanism in Vehicles  

Rollover SUV Non-SUV ORF Min CI Max CI Level 

Tripping 113 368 0.97 0.91 1.03 Unsure 

Untripping 13 29 1.41 0.76 2.63 Unsure 

Total 126 397         
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Figure 5.13: Rollover Mechanism in Vehicles 

 

Table 5.17: Types of Tripping in Rollover Vehicles 

Tripped by SUV Non-SUV ORF Min CI Max CI Level 

Grass 66 170 1.26 1.04 1.53 Over 

Vehicle 28 100 0.91 0.63 1.31 Unsure 

Wall 3 16 0.61 0.18 2.06 Unsure 

Ditch 2 7 0.93 0.20 4.42 Unsure 

Guardrail 7 24 0.95 0.42 2.15 Unsure 

Trees/ Poles 2 29 0.22 0.05 0.93 Under 

Others 5 22 0.74 0.29 1.91 Unsure 

Total 113 368         
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Figure 5.14: Tripping in Rollover Vehicles 
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5.4 Driver Characteristics: 

 

The driver contributing factors are presented in this section; such as, age, 

alcohol/drug use, at-fault driver, distractions, speed etc. Injuries and fatalities are 

examined in terms of various characteristics, such as safety equipment used, occupant 

ejection, airbag deployment and severity of the crash in terms of number of overturns, 

which will be discussed in next section. 

 

5.4.1 Driver Gender: 

Table 5.18 and Figure 5.15 show the number of drivers involved in SUV and 

Non-SUV rollover crashes by gender. This table compares whether driver sex influences 

the rollovers in SUV and Non-SUV crashes. As can be seen from the figure female’s 

rollover SUV’s more frequently than non-SUV’s. It cannot be concluded from the 

available data whether males are over or under represented in the dataset. It can be stated 

with 95 percent confidence that female drivers rollover SUV’s more often than the male 

population even though there is higher population of males in the data set. 

 

Table 5.18: Rollover Crashes by Driver Gender 

Driver Sex SUV Non-SUV ORF Min CI Max CI Level 

Male 88 309 0.89 0.78 1.01 Unsure 

Female 38 84 1.41 1.02 1.96 Over 

Total 126 393         
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Figure 5.15: Rollover Crashes by Driver Gender 
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5.4.2 Driver Age: 

The age of the driver also plays an important role in crashes. It tells us about the 

driving experience of the driver. Usually inexperienced drivers tend to make abrupt 

maneuvers as compared to experienced drivers. On the other hand old age drivers have 

decision-making and perceptual problems. The following Table 5.19 and Figure 5.16 

presents the distribution of driver age in rollover crashes. There are no significant 

differences. Table 5.20 and Figure 5.17 shows driver age in SUV rollovers. The age 

group from 35-44 is less frequently involved in rolling over SUV. At the same time it is 

difficult to conclude anything from the available data for other age groups. However it 

can be how the SUV rollovers are higher in younger age groups whereas the number of 

cases decreases with age. This can be attributed to the fact that younger drivers tend to 

speed and are driving under influence more often than experienced drivers. In case of old 

age drivers, the reasons such as, failing to negotiate curves and decision-making 

problems seem to be predominant.  

 

Table 5.19: Age Group in Rollovers 

Age 
Group SUV Non-SUV ORF Min CI Max CI Level 

15-24 35 101 1.09 0.79 1.52 Unsure 

25-34 30 83 1.14 0.79 1.64 Unsure 

35-44 24 80 0.95 0.63 1.42 Unsure 

45-54 19 60 1.00 0.62 1.61 Unsure 

55-64 6 36 0.53 0.23 1.22 Unsure 

65-74 5 18 0.88 0.33 2.31 Unsure 

75-84+ 6 12 1.58 0.60 4.11 Unsure 

Unknown 1 7 0.45 0.06 3.62 Unsure 

Total 126 397         

 

In the various cases with single vehicle crash resulting in single fatality it is 

usually difficult to find out the exact contributing cause related to driver, due to casualty. 

Thus, if none other factors contribute to the crash then driver age is usually considered to 

be a causative factor to the crash. For instance, in the age group 75-84 there were seven 

SUV crashes. The drivers were neither driving under influence nor speeding or had any 

other factors contributing to the crash. Here failing to control the vehicle either due to 

decision error or perception error as a result, of the age of driver could be the cause. For 
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example, in one fatal rollover crash (Dhsmv_Number # 574711380), the driver failed to 

negotiate the curve, lost control of the vehicle and overturned in the grass median. She 

was 79 years old. The vehicle speed was 80 MPH, on the posted speed limit of 70 MPH. 

This can be categorized as the decision and/or perception error on the driver’s side in 

addition to speeding. 

 

Rollovers by Age Group

28%

24%

19%

15%

5% 4% 5%

1%

25%

21% 20%

15%

9%

5%
3% 2%

0%

5%

10%

15%

20%

25%

30%

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

Age Group

N
u

m
b

e
r 

o
f 

D
ri

v
e
rs

SUV Non-SUV

 

Figure 5.16: Age Group in Rollovers 

 

 

Table 5.20: Age Group Involved in SUV Crashes 

Age 
Group 

SUV 
Roll 

SUV 
Non-Roll ORF Min CI Max CI Level 

15-24 35 33 1.52 1.00 2.30 Unsure 

25-34 30 45 0.95 0.64 1.42 Unsure 

35-44 24 54 0.63 0.42 0.97 Under 

45-54 19 27 1.01 0.59 1.73 Unsure 

55-64 6 11 0.78 0.30 2.05 Unsure 

65-74 5 5 1.43 0.42 4.83 Unsure 

75-84 6 4 2.14 0.62 7.44 Unsure 

Unknown 1 1 1.43 0.09 22.63 Unsure 

Total 126 180         
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Figure 5.17: Age Groups Involved in SUV Crashes 

 

5.4.3 Driver Fault: 

The investigating officer charges a person, if the person is considered to be the 

primary cause of the crash or is at- fault. An at-fault person is defined as the one who is 

charged with violations in conjunction with the fatal traffic crash. The reporting officer at 

the scene usually but not always enters the information of the at-fault vehicle/person in 

section one of the crash report. After the detailed investigation by the homicide officer 

the actual at-fault vehicle/person is concluded which determines whether additional civil 

or criminal penalties should be pursued. 

Table 5.21 and Figure 5.18 show the distribution of at-fault drivers in SUV and 

Non-SUV rollover crashes. As can be seen from the table, both SUV and Non-SUV 

drivers were found to be equally at-fault in rollover crashes. Although SUV drivers are 

slightly overrepresented in this data set, it is not possible to conclude with 95% 

confidence that they are 10% more likely to be at-fault. This is so because the lower limit 

of the confidence interval lies below one. 

 

Table 5.21: Rollovers by Driver Fault 

Rollover Vehicles 
Driver Fault 

SUV Non SUV 
ORF 

Min 
CI 

Max 
CI 

Level 

At Fault Driver 100 287 1.10 0.99 1.22 Unsure 

Not At Fault Driver 26 108 0.76 0.52 1.11 Unsure 

Unknown 0 2 0.00 N/A N/A N/A 

Total 126 397         
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Figure 5.18: Rollovers by Driver Fault 

 

5.4.4: Driver History: 

Driver history was considered to be indicative of the general state of mind of 

driver. It conveys us the person’s attitude towards driving in general. It tells whether the 

person is frequently drinking and driving; whether the person was involved in previous 

manslaughter; whether the person was at-fault in crash from the citations issued and so 

on. Ranking of the driver was done based on the driver history. The codes for driver 

ranking are shown in Appendix F. The code zero refers to clean record; one refers to 

violations of seatbelt/defective equipment and so on up to five, which refers to vehicle 

manslaughter/revoked license. Table 5.22 shows the status of drivers involved in rollover 

vehicles. Most of the drivers had valid driver license. There were comparatively very few 

drivers who had no driver’s license or suspended or revoked licenses.  

 

Table 5.22: License Status of Drivers Involved in Rollovers 

License Status SUV Non-SUV ORF Min CI Max CI Level 

No Driver License 2 16 0.39 0.09 1.69 Unsure 

Valid 90 245 1.16 1.01 1.32 Over 

Suspended 3 22 0.43 0.13 1.41 Unsure 

Revoked 0 2 0.00 N/A N/A N/A 

Unknown 31 112 0.87 0.62 1.23 Unsure 

Total 126 397         
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The driver record was not available approximately 27 percent of times. So it was 

difficult to rank these drivers. The ranking of drivers in rolled over vehicles is shown in 

Table 5.23. As can be seen there were more number of SUV drivers, 44 percent with 

driver ranking one and two involved in rollovers. There were very few drivers with clean 

record involved in rollovers. 

 

Table 5.23: Driver Ranking in Rollover Vehicles 

Driver 

Ranking 

SUV 

Drivers 

Non-SUV 

Drivers 
ORF Min CI Max CI Level 

0 14 59 0.75 0.43 1.29 Unsure 

1 26 47 1.74 1.13 2.69 Over 

2 21 38 1.74 1.06 2.85 Over 

3 14 42 1.05 0.59 1.86 Unsure 

4 10 32 0.98 0.50 1.95 Unsure 

5 2 17 0.37 0.09 1.58 Unsure 

Unknown 39 162 0.76 0.57 1.01 Unsure 

Total 126 397         

 

5.4.5 Crash Contributing Factors: 

 

 This section discusses those driver-contributing factors, which the driver can 

control to avoid rollover crash. The factors such as alcohol/drug use that impair driver 

judgment, vehicle speed and driver errors. 

 

5.4.5.1 Alcohol/Drug Use: 

Table 5.24 and Figure 5.19 examine the alcohol and drug use according to the 

information on the fatal traffic crash reports. The point to be noted is that in most of the 

cases if the reporting officer did not suspect alcohol or drug use, no tests were conducted. 

As a result most of these persons are considered not to be drinking or using drugs. 

Comparing rollover crashes only; it was found that the sports utility vehicle 

drivers were not using either alcohol or drugs. On the other hand Non-SUV drivers are 

overrepresented in drugs only, alcohol only and had been drinking rollover crashes in this 

data set. Based on the facts that SUV’s are rolling over more frequently than the Non-

SUV’s it is possible to say that SUV’s do not require any abrupt maneuver or any 
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incapacitation on driver side. It is easier to rollover SUV’s than non-SUV’s. Due to the 

limitations of data it is not possible to draw definitive conclusions that alcohol has 

different effect on rollover crashes of SUV’s and Non-SUV’s. 

 

Table 5.24: Alcohol/Drug Use in Rollover Vehicles 

Rollover Crashes 
Alcohol / Drug Use 

SUV Non SUV 
ORF Min CI Max CI Level 

No Drinking or Using Drugs 76 217 1.10 0.93 1.30 Unsure 

Alcohol - Under Influence 11 52 0.67 0.36 1.24 Unsure 

Drugs - Under Influence 1 7 0.45 0.06 3.62 Unsure 

Alcohol & Drugs - Under Influence 3 7 1.35 0.35 5.14 Unsure 

Had Been Drinking 2 12 0.53 0.12 2.31 Unsure 

Pending BAC Test Result 23 62 1.17 0.76 1.80 Unsure 

Unknown 10 40 0.79 0.41 1.53 Unsure 

Total 126 397         
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Figure 5.19: Alcohol/Drug Use in Rollover Vehicles 

 

 The state’s the legal limit for alcohol usage while driving is 0.08%, thus any 

person above the legal limit is charged with Florida Statute 316.193 Driving under 

influence (DUI). A person drinking and driving involved in an accident is usually 

criminally charged. Table 5.25 & 5.26 and Figure 5.20 & 5.21; observe the alcohol/drug 
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use on the part of at-fault and not at-fault driver in SUV and Non-SUV crashes. As can be 

seen from the table, there are just 3 cases of alcohol/drug use in not at-fault drivers and 

also there are 33 percent pending ones. Even though the alcohol and drug cases are 

overrepresented for SUV drivers, it cannot be said with 95% confidence due to wide 

range of interval and small sample size. There are about 22 percent of cases whose results 

were pending and never retrieved.  

 

Table 5.25: Alcohol/Drug Use by At-Fault Driver 

SUV Non SUV 
Alcohol / Drug Use 

At_Fault At_Fault 
ORF Min CI Max CI Level 

No Drinking or Using Drugs 56 125 1.23 1.00 1.52 Over 

Alcohol - Under Influence 11 51 0.59 0.32 1.09 Unsure 

Drugs - Under Influence 1 7 0.39 0.05 3.15 Unsure 

Alcohol & Drugs - Under Influence 3 7 1.18 0.31 4.47 Unsure 

Had Been Drinking 1 10 0.28 0.04 2.12 Unsure 

Pending BAC Test Result 21 56 1.03 0.66 1.61 Unsure 

Total 93 256         
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Figure 5.20: Alcohol/Drug Usage by Drivers At-Fault 
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Table 5.26: Alcohol/Drug Use by Not At-Fault Driver 

SUV Non SUV 
Alcohol / Drug Use 

Not_At_Fault Not_At_Fault 
ORF 

Min 
CI 

Max 
CI 

Level 

No Drinking or Using Drugs 20 92 0.93 0.69 1.25 Unsure 

Alcohol - Under Influence 0 1 0.00 N/A N/A N/A 

Drugs - Under Influence 0 0 N/A N/A N/A N/A 

Alcohol & Drugs - Under Influence 0 0 N/A N/A N/A N/A 

Had Been Drinking 1 1 4.27 0.27 66.56 Unsure 

Pending BAC Test Result 12 47 1.09 0.66 1.81 Unsure 

Total 33 141         
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Figure 5.21: Alcohol/Drug Usage by Drivers Not At-Fault 

 

 Table 5.27 examines the alcohol usage in rollover vehicles from the alcohol test 

results obtained after autopsy. As discussed earlier the information in homicide reports 

was found to be more accurate as it was based on the autopsy results. According to the 

Florida Statutes, 0.08% blood alcohol content is legally permitted. As can be seen from 

the table, the alcohol usage, including those both below and above the legal limit 

represent approximately 25% of all rollovers. But this number just restricts to the test 

results that were reported. There are 33 percent of cases in which either the drivers were 

not tested or the test results never got reported, or got reported as pending. There were 

about 9 percent of cases where homicide report could not be obtained, and hence no data 
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is known for those cases. About 35 percent of drivers were tested and were found to be 

not using alcohol.  

Table 5.27: Alcohol Test Results 

Alcohol Test Results SUV Non-SUV ORF Min CI Min CI Level 

Not Drinking/Tested 84 224 1.18 1.02 1.37 Over 

Below Legal Limit 6 26 0.73 0.31 1.73 Unsure 

Above Legal Limit 20 80 0.79 0.50 1.23 Unsure 

Unknown 16 67 0.75 0.45 1.25 Unsure 

Total 126 397         

 

5.4.5.2 Vehicle Speed: 

 Table 5.28 provides a detailed distribution of number of rolled over vehicles 

traveling above or below the posted speed. The color ranges describe the vehicles well 

below posted speed, approximately within the posted speed and well above the posted 

speed or speeding. It was found that about 27 percent of vehicles were traveling above 

the posted speed, and about 13 percent were below the speed limit. There were about 60 

percent traveling approximately at the limit which rolled over. 

 Table 5.29 observes the vehicle speed of drivers who rolled over the vehicle and 

were found to be at-fault. It can be seen that almost 86 percent of the drivers were 

speeding. Speeding was found to main contributing cause for rollovers. At high speed the 

drivers were not able to keep the vehicle in control, and a slight decision error such as 

jerking the 

 

Table 5.28: Speed of Rollover Vehicles 

Vehicle Speed in Rollover Crashes Posted 

Speed 0-14 15-24 25-34 35-44 45-54 55-64 65-74 75-84 85-94 95-104 >105 

15            

20            

25 20.00 40.00 0.00 0.00 0.00 20.00 20.00 0.00 0.00 0.00 0.00 

30 16.67 33.33 0.00 16.67 33.33 0.00 0.00 0.00 0.00 0.00 0.00 

35 0.00 0.00 12.50 37.50 12.50 25.00 0.00 0.00 12.50 0.00 0.00 

40 0.00 0.00 0.00 28.57 28.57 0.00 14.29 14.29 0.00 14.29 0.00 

45 2.00 6.00 4.00 18.00 42.00 16.00 10.00 2.00 0.00 0.00 0.00 

50 0.00 0.00 0.00 0.00 60.00 20.00 20.00 0.00 0.00 0.00 0.00 

55 7.94 0.79 0.00 1.59 8.73 57.14 15.08 6.35 0.00 1.59 0.79 

60 7.14 2.38 2.38 0.00 2.38 61.90 7.14 11.90 2.38 2.38 0.00 

65 2.90 1.45 1.45 1.45 1.45 17.39 56.52 11.59 5.80 0.00 0.00 

70 6.72 0.00 0.00 0.75 1.49 5.22 52.24 25.37 3.73 3.73 0.75 
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steering and overcorrection lead to run-off road and consecutive overturn. Speeding, 

overcorrection, loss of control and abrupt maneuvers were mainly associated with 

younger drivers. There were a very few 14 percent of at-fault drivers who were traveling 

approximately at the limit and rolled over. 

 

Table 5.29: At Fault Speed in Rollover Vehicles 

At Fault Vehicle Speed in Rollover Crashes Posted 

Speed 25-34 35-44 45-54 55-64 65-74 75-84 85-94 95-104 105+ 

25 0.00 0.00 0.00 0.00 100.00 0.00 0.00 0.00 0.00 

30 0.00 33.33 66.67 0.00 0.00 0.00 0.00 0.00 0.00 

35   0.00 25.00 50.00 0.00 0.00 25.00 0.00 0.00 

40   0.00 25.00 0.00 25.00 25.00 0.00 25.00 0.00 

45     23.53 41.18 29.41 5.88 0.00 0.00 0.00 

50     0.00 50.00 50.00 0.00 0.00 0.00 0.00 

55       21.05 50.00 21.05 0.00 5.26 2.63 

60       0.00 30.00 50.00 10.00 10.00 0.00 

65         33.33 44.44 22.22 0.00 0.00 

70         0.00 71.43 14.29 11.90 2.38 
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Figure 5.22: Vehicle Speed by Age Group 
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 Figure 5.22 shows the percentage of drivers by their age group traveling above or 

below the posted speed limit. As can be seen from the figure there are more number of 

people traveling above the speed limit and significantly fewer below the speed limit. The 

right hand portion of the graph has more ups and downs indicating the more percentage 

of drivers whereas the left portion of the graph looks relatively flatter. 

 

5.4.5.3 Driver Errors 

 After studying the initiation of rollovers, it was necessary to find out exactly why 

did the driver make such a maneuver. For this each and every case was studied in detail. 

The driver contributing factors to the crash were found from the case reviews for rollover 

crashes. The study revealed factors on the part of driver that were actually responsible for 

losing the control of vehicle, running off road, abrupt maneuvers, medical problems and 

so on. These factors were studied and grouped into categories such as driver inattention, 

distraction, medical problem, incapacitation, emotional state, failure to negotiate the 

curve and police pursuit. 

 

Table 5.30: Driver Factors in Rollover Crashes 

Driver Error SUV Non-SUV ORF Min CI Max CI Level 

Inattention 84 469 1.31 1.09 1.59 Over 

Distraction 7 26 1.98 0.87 4.51 Unsure 

Incapacitation 128 1159 0.81 0.71 0.92 Under 

Medical Problem 2 27 0.54 0.13 2.27 Unsure 

Failure to Negotiate Curve 29 157 1.36 0.93 1.97 Unsure 

Police Pursuit 1 4 1.83 0.21 16.35 Unsure 

Emotional State 2 15 0.98 0.23 4.25 Unsure 

Total 253 1857         

 

 The dominating factor that most of the times contributed to the crash, on the 

driver part was incapacitation. There were 61 percent of driver incapacitation cases that 

contributed to the rollover crash. Driver incapacitation was characterized by either 

alcohol/drug or sleep. There were 58 percent drivers under the use of alcohol/drugs at the 

time of crash whereas 3 percent either fell asleep or were fatigued. Incapacitation was 

followed by inattention, which contributed in 26 percent rollover crashes. This included 

maneuvers like improper lane changing, running of the road, and not paying attention to 
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the stopped traffic in front and so on. The drivers failed to negotiate the curve in 

approximately 9 percent of the cases. Other factors contributed in very few cases. Refer 

Table 5.30 & Figure 5.23 for the distribution of these factors as SUV’s and non-SUV’s 
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Figure 5.23: Driver Factors in Rollover Crashes 

 

5.5 Fatality Causative Factors: 

 

 The fatality contributing factors are measured in terms of safety equipment in use 

such as airbag and seatbelt, ejection rates of the occupants and severity of the crash in 

terms of number of overturns.  

 

5.5.1 Safety Equipment: 

 Figures 5.24 and 5.25 show the total safety equipment in use by the occupants, of 

the vehicles that rolled over for both SUV’s and non-SUV’s. Total safety equipment 

means the safety features that were in use during the time of crash. It can be observed that 

when there was only airbag present and seatbelt was not in use, the fatality rate was 

highest at 83 percent. Under the circumstances encountered in a rollover, the occupant 
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vulnerability increased with omission of restraint use. The interesting point to note is that 

when none of the safety equipment was in use the level of the injury severity increases. 

When the seatbelt was in use there were comparatively less severe injuries and low 

fatality rate.  

 

Table 5.31: Safety Equipment by Injury Severity in SUV’s 

Injury Severity Safety Equipment 
Used None Possible Non-incapacitating Incapacitating Fatal 

Total 

Airbag 0 1 0 3 22 26 

Seatbelt 0 3 7 4 5 19 

Airbag & Seatbelt 0 2 10 5 10 27 

Not in Use 2 1 2 9 38 52 

Unknown 1 0 1 0 0 2 

Total 3 7 20 21 75 126 
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Figure 5.24: Safety Equipment by Injury Severity in SUV’s 

 

Table 5.32: Safety Equipment by Injury Severity in Non-SUV’s 

Injury Severity Safety Equipment 
Used None Possible Non-incapacitating Incapacitating Fatal 

Total 

Airbag 0 0 0 9 37 46 

Seatbelt 11 5 26 27 37 106 

Airbag & Seatbelt 2 1 6 11 19 39 

Not in Use 2 5 11 26 146 190 

Unknown 0 0 2 5 9 16 

Total 15 11 45 78 248 397 
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Injury Severity by Safety Equipment Used in Non-SUVs
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Figure 5.25: Safety Equipment by Injury Severity in Non-SUV’s 

 

5.5.2 Seatbelt Use: 

 Based on previous reporting, the unbelted occupant is the most vulnerable to 

ejection and fatality; however even the belted occupant is at risk because some seatbelts 

are primarily designed to withstand the forces of the planar crash. However, the restraint 

use retards the outward motion of the occupants. The unrestrained occupants (28 percent 

of the rollover population) that remained in the vehicle may have benefited from being in 

the vehicle but have died being tossed around inside the vehicle during the rollover. 

 

Table 5.33: Ejection by Seatbelt Use in SUV’s 

SUV Seatbelt 
Ejected 

In Use Not in Use 
ORF Min CI Max CI Level 

No 44 22 3.25 2.26 4.68 Over 

Yes 2 47 0.07 0.02 0.27 Under 

Partial 0 3 0.00 N/A N/A N/A 

Unknown 2 6 0.54 0.11 2.58 Unsure 

Total 48 78         

 

 Figure 5.26 and 5.27 show the ejection rate in SUV’s and non-SUV’s by the 

seatbelt in use and not in use. As can be seen from the figures, the ejection rate is 

comparatively for the people who were using seatbelt. Whereas, almost all the occupants 
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not wearing seatbelt were ejected from the SUV’s and very few i.e. only 3 percent were 

not ejected in non-SUV’s. 
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Figure 5.26: Ejection by Seatbelt Use in SUV’s 

 

Table 5.34: Ejection by Seatbelt Use in Non-SUV’s 

Non-SUV Seatbelt 
Ejected 

In Use Not in Use 
ORF Min CI Max CI Level 

No 134 77 2.87 2.36 3.48 Over 

Yes 5 141 0.06 0.02 0.14 Under 

Partial 5 16 0.51 0.19 1.38 Unsure 

Unknown 6 13 0.76 0.30 1.96 Unsure 

Total 150 247         
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Figure 5.27: Ejection by Seatbelt Use in Non-SUV’s 
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5.5.3 Airbag: 

 The airbags are provided in vehicles to reduce the injury severity in case of 

accidents. Airbags are helpful for planar crashes such as head-on collisions. They deploy 

in case of frontal impact. Rollovers are complex phenomenon; they are the non-planar in 

nature. Thus airbags do not deploy and do not help in reducing injuries. As can be seen 

from the following Table 5.35 and Figure 5.28 it is evident that not deployed airbags are 

overrepresented in the data set. Only 15 percent of times the airbags deployed in rollover 

vehicles. There were 43 percent of cases where the data on airbag deployment was not 

available. This is because the status of airbag is determined from the homicide reports 

and the crash reports do not tell this information. There is high percentage of unknowns 

because in many cases even the homicide reports did not report whether the airbag 

deployed or not and in other cases homicide reports were not available. 

 

Table 5.35: Airbag Status from Homicide Report 

Airbag SUV Non-SUV Total ORF Min CI Max CI Level 

Deployed 22 55 77 1.26 0.80 1.98 Unsure 

Not Deployed 31 35 66 2.79 1.80 4.33 Over 

No Airbag 23 132 155 0.55 0.37 0.81 Under 

Unknown 50 175 225 0.90 0.71 1.15 Unsure 

Total 126 397 523         
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Figure 5.28: Airbag Status from Homicide Report 
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5.5.4 Ejection: 

 Figure 5.29 and 5.30 observe the injury severity of the occupants by ejecting in 

the rollover crashes both for SUV’s and non-SUV’s. As can be seen from the chart that 

the level of severity was highest for the occupants that were either completely or partially 

ejected during the rollover. The occupants who were not ejected due to the use of the 

safety belt fared better than the occupants who were ejected. There were less severe 

injuries and fatalities amongst this group. 84 percent of the occupants died being ejected 

from the vehicle during the rollover. This could be due to various reasons like the various 

impact forces the occupants is subjected to, being crushed under the vehicle, and ejection. 

 To find out the association between ejection and fatality rates, odds ratio was 

computed as shown. 

Ejection SUV 
Rollover Yes No 

Dead 45 30 

Not Dead 8 43 

 

Odds of Death by Ejection = 
8

45
 = 5.63 

Odds of Death by No Ejection = 
43

30
 = 0.69 

Odds ratio = 8.06 

 The odds ratio is greater than one. This indicates that the odds of death by ejection 

are higher than the odds of death by no ejection. In other words there is strong association 

between dying and ejection. 

 

Table 5.36: Injury Severity by Ejection in SUV’s 

Injury Severity 
Ejection 

None Possible Non-incapacitating Incapacitating Fatal 
Total 

No 1 7 20 13 30 71 

Yes 0 0 0 8 42 50 

Partial 0 0 0 0 3 3 

Unknown 2 0 0 0 0 2 

Total 3 7 20 21 75 126 
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Figure 5.29: Injury Severity by Ejection in SUV’s 

 

 For the non-SUV’s the computation of odds ratio is done as follows. 

Ejection  
Non-SUV 

Rollover Yes No 

Dead 142 104 

Not Dead 28 123 

 

Odds of Death by Ejection  = 
28

143
 = 5.12 

Odds of Death by No Ejection = 
124

108
 = 0.87 

Odds Ratio = 5.86 

Since the odds ratio is greater than even for non-SUV’s, it is concluded that the person is 

more likely to die by being ejected than not ejected. 

 

Table 5.37: Injury Severity by Ejection in Non-SUV’s 

Injury Severity 
Ejection 

None Possible Non-incapacitating Incapacitating Fatal Unknown 
Total 

No 14 11 42 49 101 1 218 

Yes 0 0 2 22 125 0 149 

Partial 0 0 1 3 17 0 21 

Unknown 1 0 0 0 3 5 9 

Total 15 11 45 74 246 6 397 
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Injury Severity by Ejection in Non-SUVs
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Figure 5.30: Injury Severity by Ejection in Non-SUV’s 

 

5.5.5 Number of Overturns: 

 The contributing causes for the fatality for the rollover crashes were studied in 

detail. The findings of the case reviews are summarized below. 

 

 Table 5.38 shows the number of overturns the vehicle undergoes during the 

rollover for both SUV’s and non-SUV’s. As can be seen that there were more number of 

cases, 56 percent where the vehicle overturned more than once. 

 

Table 5.38: Number of Overturns in Rollover Vehicles 

Number of 
Overturns 

SUV NON-SUV ORF Min CI Max CI Level 

1 10 79 0.40 0.21 0.75 Under 

2 10 72 0.44 0.23 0.82 Under 

3 2 10 0.63 0.14 2.84 Unsure 

4 9 34 0.83 0.41 1.69 Unsure 

>4 95 202 1.48 1.29 1.70 Over 

Total 126 397         

 

 Table 5.39 and 5.40 show the injury severity by the number of overturns in SUV 

and non-SUV rollover crashes. Due to extremely small dataset for SUV crashes it is not 

possible to draw any definitive conclusions. 



73 

Table 5.39: Number of Quarter Turns by Injury Severity in SUV Rollover 

Quarter 
Turns 

None Possible 
Non 

Incapacitating 
Incapacitating Fatal Total 

1 0 2 2 3 6 13 

2 1 1 2 1 8 13 

3+ 2 3 17 21 66 109 

Total 3 6 21 25 80 135 
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Figure 5.31: Number of Quarter Turns by Injury Severity in SUV Rollover 

 

 Sixty six percent of occupants were killed in rollover when the vehicle overturned 

more than 3 quarter turns. There were 68 percent of fatalities when the vehicle took two-

quarter turns. As can be seen from the chart that the level of injury severity is higher for 

the rollover crash irrespective of the overturns. 

 

Table 5.40: Number of Quarter Turns by Injury Severity in Non-SUV Rollover 

Quarter 

Turns 
None Possible 

Non 

Incapacitating 
Incapacitating Fatal Total 

1 5 7 15 22 36 85 

2 2 3 6 13 51 75 

3+ 2 5 27 47 156 237 

Total 9 15 48 82 243 397 
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Injury Severity of Rollover Occupants by Number of 

Quarter Turns
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Figure 5.32: Number of Quarter Turns by Injury Severity in Non-SUV Rollover 

 

 During the rollover there are many types of injuries that occur which cause the 

death. Of these the injuries to the head are the worst. As can be seen from the Table 5.41, 

there were 26 percent of fatalities that were caused to head injuries. Followed by the 

blunt force trauma injuries. The important point to note here is that most of the reported 

causes of death were head injuries in rollover crashes. As can be observed there were 13 

percent of cases the reason was given as blunt injuries. Hence in these cases it was 

difficult to analyze injury to which part of the body caused the death. 

 

Table 5.41: Causes of Fatality 

Cause of Fatality SUV 

Non- 
SUV 

%  
SUV 

% 
 Non-SUV ORF Min CI Max CI Level 

Blunt Injuries 65 190 53.28 53.67 0.99 0.82 1.20 Unsure 

Chest Injuries 4 19 3.28 5.37 0.61 0.21 1.76 Unsure 

Head Injuries 23 77 18.85 21.75 0.87 0.57 1.32 Unsure 

Multiple Blunt  
Force Trauma 

30 68 24.59 19.21 1.28 0.88 1.87 Unsure 

Total 122 354             
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5.6 Roadway Characteristics: 

 

 Roadway features are found to influence the driver and vehicle behavior. For 

instance a driver may have to make an abrupt maneuver if there is a roadway defect; 

construction zone with not enough signage; or some obstruction on the roadway. Even 

the type of pavement makes a difference. Bitumen roads are better during the daytime as 

they reduce the effect of glare while concrete roads are preferred for nighttime driving. 

The degree of curvatures on the roads and the super elevation affect the vehicle roadway 

interaction especially at high speeds. Usually the reporting officers do not always cite 

roadways as contributing factor to the crash until it is proved otherwise. For example in 

one of the crash that occurred in construction zone, the driver was charged with careless 

driving and abrupt lane change. Here roadway was not cited as the contributing factor in 

crash. The roadway was being repaved and there was only a single operating lane at the 

time of crash. The traffic was stopped / moving slowly. The driver suddenly observed the 

stopped traffic and in an attempt to prevent the rear ending changed lanes and hit the 

oncoming traffic. Even though it was driver perception error construction or roadway was 

indeed a contributing factor to the crash. 

 

5.6.1 Geographical Location: 

Even the location of roadway influences the driver behavior and indirectly the 

severity of crashes. The US Department of Transportation’s Federal Highway 

Administration (FHWA) classifies the national urban and rural roadways by road 

function. Each function class is based on the type of service the road provides to the 

motoring public and designation is used for data and planning purposes. Design standards 

are tied to function-class of the roadways. There are more miles of rural roads than any 

other type of roadway in US Transportation Network. Figure 5.34 shows the distribution 

of the rural and urban areas in the State of Florida. The green color pockets are in fact the 

urban areas, which are comparatively insignificant to the rural areas. As can be seen from 

the Figure 5.33 there are 72 percent of rural rollover crashes as opposed to urban 

rollovers. This is so because behaviors such as using alcohol, speeding, and low rates of 

seat belt use, and accidents involving high speeds, vehicle rollovers and ejections (which 
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increase the dangers for unbelted occupants) are among the most prominent factors 

contributing to the high rural crashes; and longer response times for emergency medical 

assistances contribute to high fatality rate. Other roadways factors like undivided roads 

lack physical measures such as wide medians and barriers to separate opposing lanes. As 

a result a major crash problem on these roads involves vehicle crossing centerline or 

sideswiping. Even the roads are not well maintained compared to the urban roads. 

 

Percentage of Rollover by Geographical Area
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Unknown

 

Figure 5.33: Percentage Fatal Rollovers by Rural/Urban Areas 

 

Table 5.42 and Figure 5.35 show the distribution of SUV and non-SUV rollover 

crashes by the area. As can be seen from the figure, there were 72 percent of non-SUV 

and 73 percent of SUV rollover crashes that occurred on rural roads. But there were 

fewer rollover crashes on urban roads as compared to rural roads. In spite of the fact that 

there are more number of rollovers occurring on rural roads, urban roads are slightly 

overrepresented for SUV rollover crashes. The 95 percent confidence interval computed 

for the overrepresented does not support the overrepresentation. Odds ratio is also used 

for the computing the association of geographical location with rollovers. The calculation 

is shown below. 
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Figure 5.34: Distribution of Rural/Urban Areas in the State of Florida 
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Table 5.42: Rollovers by Geographical Location 

Roadway 
Location 

SUV 
Non-
SUV 

ORF Min CI Max CI Level 

Rural 92 285 1.02 0.90 1.15 Unsure 

Urban 29 83 1.10 0.76 1.60 Unsure 

Unknown 5 29 0.54 0.21 1.37 Unsure 

Total 126 397         

 

Odds of rural areas for SUV = 
29

92
= 3.17 

Odds of urban areas for Non-SUV = 
83

285
= 3.43 

Odds ratio = 3.17/3.43 = 0.92 

 Consider the odds ratio, it is less than one it means that the odds for SUV rollover 

are higher in urban areas than rural areas. The strength of association increases with the 

deviation from 1. Thus, SUV are likely to rollover 92 percent times more than Non-

SUV’s in urban areas. 
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Figure 5.35: Rollovers by Geographical Location 

 

 Table 5.43 and Figure 5.36 examine the injury severities and fatalities by 

geographical location. As can be seen from the table, it can be stated with 95 percent 

confidence that rural fatalities are overrepresented in rollover crashes. This is attributed 
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to the longer response time for the medical emergency vehicles. The rural areas are 

located away from the main corporate areas and thus there is delay in medical help in 

these areas. 

 

Table 5.43: Injury Severity by Geographical Location 

SUV Rollover 
Non SUV 
Rollover Injury Severity 

Rural Urban Rural Urban 

All 
Rural 

All 
Urban 

ORF 
Rural 

Min 
CI 

Max 
CI 

Level 

None 2 1 9 5 11 6 0.55 0.21 1.44 Unsure 

Possible 4 3 7 4 11 7 0.47 0.19 1.18 Unsure 

Non Incapacitating 16 4 31 9 47 13 1.08 0.60 1.92 Unsure 

Incapacitating 13 5 57 16 70 21 0.99 0.64 1.54 Unsure 

Fatal 57 16 177 48 234 64 1.09 0.91 1.30 Unsure 

Non Traffic Fatal 0 0 1 0 1 0 N/A N/A N/A N/A 

Unknown 0 0 2 1 2 1 0.60 0.05 6.51 Unsure 

Total 92 29 284 83 376 112         
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Figure 5.36: Percent Injuries by Geographical Location 

 

5.6.2 Construction Zone: 

 Construction zone was considered as one of the factors influencing rollover 

crashes. However, not many crashes were found to occur in construction zone. There 

were in all 12 crashes that occurred in construction zone i.e. only 2 percent. Bigger 

dataset is required to evaluate the effect of construction zone on rollover crashes. 
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5.6.3 Degree of Curvature: 

 There has been concern about the roadway curvature in rollover crashes. Hence 

this was investigated. Figure 5.37 shows the rollovers occurring on curvature for both 

SUV’s and non-SUV’s. It can be seen that there are only 24 percent of SUV crashes that 

occurred on curvature and other rollovers occurred on roads with no curvature. There is 

no clear pattern observed with rollovers and roadway curvature from the available data. 

Larger data set needs to be investigated to draw a definitive conclusion. 
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Figure 5.37: Roadway Curvature in Rollovers 

 

 Table 5.44 looks at the age groups involved in rollovers on roadways with 

curvature. The younger drivers between the age group 15-34 accounted for 47 percent of 

rollovers. The older drivers between ages 65-84 are overrepresented in rolling over 

SUV’s on curvatures. The confidence level for young and middle aged drivers is unsure. 

 

Table 5.44: Age Group in Curvature Rollovers 

Age Group SUV Non-SUV ORF Min CI Max CI Level 

15-24 6 16 1.10 0.47 2.56 Unsure 

25-34 6 29 0.61 0.28 1.32 Unsure 

35-44 7 26 0.79 0.38 1.64 Unsure 

45-54 7 15 1.37 0.62 3.05 Unsure 

55-64 0 2 0.00 N/A N/A N/A 

65-74+ 5 3 4.89 1.24 19.29 Over 

Total 31 91         
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5.6.4 Average Daily Traffic:  

 Table 5.45and Figure 5.38 show the distribution of rollover vehicles by the 

Average Daily Traffic (ADT) on the road segment of the crash. ADT is the average 

number of vehicles passing a specified point during a 24-hour period. Looking at the 

table, the SUV rollover crashes are much more frequent on segments with ADT’s of 

40000 or less with exception for roads with zero ADT. From the figure and available data 

it can be seen that SUV and non-SUV rollovers follow the same trend that more the 

traffic congestion lesser the rollovers. 

 

Table 5.45 ADT for Rollover Crashes 

ADT SUV Non-SUV % SUV % Non-SUV ORF Min CI Max CI Level 

0 16 120 0.13 0.30 0.42 0.26 0.68 Under 

10000 28 74 0.22 0.19 1.19 0.81 1.75 Unsure 

20000 15 39 0.12 0.10 1.21 0.69 2.12 Unsure 

30000 19 46 0.15 0.12 1.30 0.79 2.14 Unsure 

40000 12 22 0.10 0.06 1.72 0.88 3.37 Unsure 

50000 12 37 0.10 0.09 1.02 0.55 1.90 Unsure 

60000 2 8 0.02 0.02 0.79 0.17 3.66 Unsure 

70000 6 9 0.05 0.02 2.10 0.76 5.79 Unsure 

80000 0 7 0.00 0.02 0.00 N/A N/A N/A 

90000 5 6 0.04 0.02 2.63 0.82 8.46 Unsure 

100000 3 4 0.02 0.01 2.36 0.54 10.42 Unsure 

110000 1 4 0.01 0.01 0.79 0.09 6.98 Unsure 

130000 1 1 0.01 0.00 3.15 0.20 50.01 Unsure 

140000 1 3 0.01 0.01 1.05 0.11 10.01 Unsure 

150000 1 5 0.01 0.01 0.63 0.07 5.34 Unsure 

160000 1 3 0.01 0.01 1.05 0.11 10.01 Unsure 

180000 2 0 0.02 0.00 N/A N/A N/A N/A 

200000 0 3 0.00 0.01 0.00 N/A N/A N/A 

210000 0 1 0.00 0.00 0.00 N/A N/A N/A 

250000 0 1 0.00 0.00 0.00 N/A N/A N/A 

260000 1 0 0.01 0.00 N/A N/A N/A N/A 

Unknown 0 4 0.00 0.01 0.00 N/A N/A N/A 

Total 126 397             
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Distribution of Rollovers by ADT
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Figure 5.38: Rollover distribution by ADT of roadways 

 

5.7 Environmental Characteristics: 

 

 This section discusses the environmental characteristics for the fatal rollover 

crashes. Environmental conditions such lighting, weather, time of day and road surface 

condition due to weather can have effect on the crashes. These environmental 

contributing factors are studied for the data set in consideration. 

 

5.7.1 Lighting Condition: 

 Lighting condition on roadways seriously affects the driver visibility, especially at 

nighttime and incase of older drivers. At night the glare from opposing vehicles obstructs 

vision if there is no artificial lighting provided. Table 5.46 and Figure 5.39 examine the 

distribution of crashes by the lighting condition. It can be observed, from the table that 

SUV’s are rolling over more often than the non-SUV’s during the day and night time on 

roads with street lights. But the SUV’s are highly overrepresented at dusk than the Non-

SUV, but few crashes occurred during these periods, and there is a wider range. 
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Table 5.46: Rollovers by Lighting Condition 

Rollover Crashes 
Lighting Condition 

SUV Non SUV 
ORF Min CI Max CI Level 

Daylight 67 182 1.16 0.95 1.41 Unsure 

Dusk 2 4 1.58 0.29 8.50 Unsure 

Dawn 3 13 0.73 0.21 2.51 Unsure 

Dark(Street Light) 20 55 1.15 0.72 1.83 Unsure 

Dark(No Street Light) 33 123 0.85 0.61 1.17 Unsure 

Unknown 1 20 0.16 0.02 1.16 Unsure 

Total 126 397         
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Figure 5.39: Rollovers by Lighting Condition 

 

5.7.2 Time of Day: 

 Figure 5.40 shows the distribution of rollover crashes by the time of the day. The 

time of day was classified as, 

12.00am to 5.59am – Early morning 

5.00am to 11.59am – Morning 

12.00pm to 5.59pm – Daytime 

6.00pm to 11.59pm - Nighttime 
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 As can be seen from the figure, there are more number of crashes involving 

SUV’s occurring during the day. Whereas, there is no significant distinction found 

between the SUV and non-SUV rollovers by time of day. 
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Figure 5.40: Rollovers by Time of Day 

 

5.7.3 Road Surface Condition: 

 Table 5.47 shows the road surface condition that prevailed during the rollover 

crashes for SUV’s and non-SUV’s. As can be seen in most of the cases the road surface 

was dry and did not contribute to the crash. Even though it can be seen that slippery 

condition is overrepresented in rollovers for SUV’s, it is not significant due to low 

sample size. After the case review it was observed that the officers marked the road 

surface as slippery even though the surface was wet due to rains. 

 

Table 5.47: Road Surface Condition for Rollovers 

Road 
Surface 

Condition 

SUV 
Non 
SUV 

ORF Min CI Max CI Level 

Dry 116 351 1.04 0.98 1.11 Unsure 

Wet 8 38 0.66 0.32 1.38 Unsure 

Slippery 2 4 1.58 0.29 8.50 Unsure 

Other 0 4 0.00 N/A N/A N/A 

Total 126 397         
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5.7.4 Weather Condition: 

 Table 5.48 and Figure 5.41 summarize the weather conditions at the time of crash. 

It can be observed that SUV’s rolled over 74 and 21 percent of times during the clear and 

cloudy weather respectively, which are presumably normal weather conditions. On the 

other hand SUV’s are underrepresented in rollover crashes during the severe weather 

conditions like rain and fog as opposed to Non-SUV’s. This can be correlated with the 

fact that SUV are designed for such severe weather conditions. Due to their raised height 

the driver is able to see the roads clearly than Non-SUV. Also SUV’s have bigger tire 

treads, which give them high friction even when the pavement is wet. 

 

Table 5.48: Rollovers by Weather Condition 

Rollover Crashes 
Weather 

SUV Non SUV 
ORF Min CI Max CI Level 

Clear 94 288 1.03 0.91 1.15 Unsure 

Cloudy 26 73 1.12 0.75 1.67 Unsure 

Rain 4 22 0.57 0.20 1.63 Unsure 

Fog 2 11 0.57 0.13 2.54 Unsure 

All Other 0 3 0.00 N/A N/A N/A 

Total 126 397         
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Figure 5.41: Rollovers by Weather Condition 
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CHAPTER 6 

CONCLUSIONS & FUTURE WORK 

 

The research on the fatal rollover crashes of SUV’s and non-SUV’s in the State of 

Florida for the years 1998 & 1999 CMV crashes only and all vehicle crashes for the year 

2000, provided some statistically relevant conclusions. They are stated below. 

 

6.1 Overall Characteristics: 

It was observed that the proportion of different vehicle types on the road 

according to the 2001 National Household Travel Survey, was similar to the proportion 

of vehicle types involved in the fatal crash study in the data set. Further, the proportion of 

SUV’s involved in fatal crashes was less than the rate at which they were driven. This 

indicates that SUV’s are not inherently more dangerous than other vehicles. 

Overall 523 fatal crashes involved rollovers of which SUV’s were involved in 

126. However, sports utility vehicles were found to have the highest rollover rates 

compared to other vehicle types. Comparing the rollover rates by vehicle subtype based 

on sizes of vehicles, SUV’s still ranked higher. It was found that compact, midsize and 

large SUV’s had highest rollover propensity as compared to other vehicle subtypes. 

These vehicle subtypes were followed by large vans and compact pickup trucks. On the 

other hand, subcompact, midsize and large automobiles, and CMV’s were 

underrepresented in rollovers.  

The fatality rates due to rollovers were found to be higher in large vans; compact 

pickups; compact, midsize and large SUV’s; and CMV’s respectively. However, 

subcompact, midsize and large automobiles were underrepresented in rollover fatalities.  

After examining fatality rates in general, i.e. irrespective of rollovers, occupants in 

passenger cars, compact pickups and midsize SUV’s were more likely to incur severe or 

fatal injuries when involved in a crash. However, medium trucks and CMV’s were found 

to be underrepresented in fatality rates, i.e. the occupants of these vehicles were less 

likely to be injured. Other vehicle types including small & large SUV’s and minivans fell 

somewhere in between. This relates to the fact that occupants are better off in large 

vehicles than in smaller ones when involved in an accident. 
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6.2 Crash Contributing Factors: 

Driver errors were the most significant contributing factors in the rollover crashes. 

From the case reviews of single and multi vehicle crashes, driver factors that accounted 

for rollovers were incapacitation followed by driver inattention. Incapacitation includes 

cases where the driver did not control the vehicle because he/she was either under the 

influence of alcohol or drugs or fatigued or asleep. Driver inattention refers to driver 

actions such as improper lane change, failing to slow for stopped traffic, incorrect passing 

and so on. The cases of drivers with medical problems were significantly high for non-

SUVs rollovers. There was significant usage of alcohol and drugs amongst the drivers, 

which incapacitated their prudent judgment. However, no significant differences were 

found between SUV’s and non-SUV’s rollovers, even though most of the at-fault drivers 

were under alcohol and drug influence. 

 

6.3 Driver Factors: 

It was found that there were more males driving both SUV’s and non-SUV’s in 

the fatal crashes. However, females were overrepresented in rolling over SUV’s when 

compared to the non-SUV’s.  The age of the drivers was found to have significant effect 

in rollover crashes of both SUV’s and non-SUV’s. It was found that younger drivers 

rolled over vehicles more frequently than older drivers. However, enough evidence was 

not established to prove any significant differences between rollovers and age in 

comparison of SUV’s with non-SUV’s. It was also determined that younger drivers were 

driving over the speed limit more often than the older drivers and they were more prone 

to reckless driving. There were significantly few rollovers that occurred on roadways 

with curvature. However, the older drivers driving SUV’s more often failed to negotiate 

the curves more frequently. The drivers who were at-fault and rolled over the vehicle 

were found to be driving over the speed limit more frequently than the not at-fault 

drivers. 

 

6.4 Vehicle Factors: 

Differences in rollover rates among various vehicle types were discussed 

previously. It was determined that several factors contributed to rollover in the vehicles. 
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Considering only vehicle defects, tire tread separation and tire blowouts were found to be 

the main causative factors in SUV rollovers. The rollovers were mainly caused by 

tripping of the vehicle over grass shoulder or median. Neither the vehicle movement prior 

to the crash nor any vehicle defects significantly contributed to the crash. Over 50% of 

the rollover crashes involved run off road as the primary event. Over 90% of all rollover 

crashes were tripped of which 25% were tripped by an impact with another vehicle. This 

leaves 75% of the tripped vehicles that were initiated by grass or another roadside object. 

Overall approximately 45% of the rollovers were tripped by grass or soft soil. This type 

of rollover was overrepresented in SUV’s. The most common fixed objects that tripped 

vehicles were guardrails followed by trees/poles each of which were responsible for 

about 30 rollover cases. 

 

6.5 Roadway Factors: 

The geographical area had an effect on the fatality rates in rollover crashes. More 

fatalities resulted on rural roads than on urban roads, which correlates to the proportion of 

area in the state. Few rollovers occurred on curves or in construction zones. Rollover 

crashes occurred more frequently on roads with lower traffic volumes and non-SUV 

rollovers were overrepresented on roads with average daily traffic less than 10,000. Over 

50% of rollovers involved run off road as primary event, however 2/3 of rollovers were 

tripped. 

 

6.6 Environmental Factors: 

Environmental factors were not found to be contributing factors in this dataset. 

Very few crashes occurred in severe weather and these crashes did not form a significant 

part of the database. Thus the environmental factors are underrepresented in all rollover 

crashes. 

 

6.7 Fatality Contributing Factors: 

Ejection was found to be the main cause of fatality both amongst SUVs and non-

SUVs. This was due to the low safety belt usage among drivers and passengers. Also, 

considering the fact that the safety belts are not designed for non-planar rollover crashes, 
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they were not very helpful in restraining the outward movement of the occupants. It was 

observed that the airbag deployed in a small number of cases. Most of the rollovers 

occurred sideways and deployment of frontal airbags had little or no effect on the injuries 

sustained by the occupants. It was found that the severity of the crash increased by the 

number of overturns the vehicle makes before coming to rest. Overall a higher percentage 

of non-SUV occupants dies in rollovers of at least 2 quarter turns while SUV occupants 

had a higher fatality rate when there was only single quarter turn. 

It was observed that the main cause of fatalities in rollover crashes was dominated 

by injuries mostly in upper part of the body. Head injuries and blunt force trauma injuries 

to head & neck were most common followed by chest trauma and skull fracture. 

 

6.8 Limitations and Recommendations:  

 

 The data set considered for this study has a higher concentration of CMV crashes. 

More data can be obtained for a greater number of years to draw significant conclusions 

with larger sample size. There was some incomplete data because some of the agencies 

did not supply the necessary information. Increased efforts can be made to obtain this 

data and develop an accurate and precise database. Also the scope of this study limited 

the fatal crashes only to state roadways. A similar analysis can be performed with fatal 

crash data for all crashes in the state.  

This study leads us to recommend the following-  

Florida Traffic Crash Report: 

The following additions & changes to the FTCR are recommended 

• The traffic crash reports has a space for vehicle make but not for model, which 

limits the differentiation of vehicles by their size. 

• The vehicle type field category for sports utility vehicles resulting in mixed 

coding of SUV’s as auto, light trucks and other vehicle types. 

• The harmful events are stated at the crash level. It limits the understanding of 

contributing causes of crash and fatality on vehicle level. For example, it was 

impossible to understand which vehicle rolled over without the knowledge of 

crash events. This lack of information also limited this study for the fatal crashes 
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for which all information was obtained. The comparison with non-fatal crashes 

from the FDOT database could not be made due to the inability of differentiating 

the rollover vehicle. 

• The illegible handwritten reports and no specific format for writing the reports 

lead to inconsistencies and lack of information. There were many mistakes made 

in reporting the crash. 

• Officers filling out the reports should be well versed with the definitions of the 

codes used on crash report. 

Traffic Homicide Reports: 

Even though the traffic homicide reports are detailed and typed reports, there 

exists lack of uniformity and inconsistency in the reports. Due to which, sometimes some 

information is missed out. For instance many of the cases it was not stated whether the 

airbag deployed or not. 

CAR Database: 

 It should also provide the information of events of the crash in order to get a 

better picture and clear understanding of the crash.  

 

6.9 Crash Reduction Countermeasures: 

 An overall goal of the study was to find countermeasures to reduce the number of 

rollover crashes & fatalities in the state. In general three types of countermeasures can be 

introduced: engineering, enforcement and education. Based on the seen characteristics the 

rollover crashes, countermeasures are recommended in these areas as follows . 

 

Engineering: Not many roadway issues were found to contribute to the rollover crashes. 

however, most involved running off the road onto the roadside. Of these, the most 

significant tripping mechanism was grass or soft soil. Potential countermeasures such as 

widening paved shoulders & improving side slopes and soil condition. 

 

Education: driver actions were the most common contributing factor. Alcohol & drug 

use, inattention & speeding contributed to large number of rollover crashes. fatigue & 

improper vehicle & tire maintenance also contributed. Each of these can be addressed by 
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educational as well as enforcement measures. Younger drivers were highly 

overrepresented in rollover crashes as were males, so educational campaigns directed 

toward these demographics would be most useful. However, females were 

overrepresented in SUV rollovers when compared to non-SUV rollovers, therefore 

educational campaigns could also be directed towards this demographic. A number of 

non tripped rollovers were associated with loss of control due to over correction or other 

abrupt evasive maneuvers or steering inputs. Although vehicle design issues affect 

stability and roll propensity, this is another issue that could be addressed through 

educational campaigns focusing on correct behavior upon drifting off the road or 

encountering an obstacle or other sudden unexpected condition. 

 

Enforcement: Speeding and driving under influence are two areas where increased 

enforcement should be implemented. In 70 mph speed zones approximately 1/3 of the 

rollover vehicles were traveling at least 5 miles over the limit, while speeding was seen at 

most speed limits. 

 



92 

 APPENDIX A 

PROTOCOLS FOR REVIEWING CASES 

 

 

1) Determine if we have the following documents available and state yes/no in 

the Crash Data table: 

a. DHSMV Report 

b. Traffic Homicide Report 

c. Video Log 

d. Photos 

e. Audio tape 

2) Check the database and make sure the crash has been entered.  If the crash has 

not been entered, enter the crash (DHSMV data) into the database. 

3) Determine which agency investigated the homicide and determine if there is a 

Homicide Report available. 

a. If there is not a Traffic Homicide Investigation Report (THI), record all of 

the information necessary to obtain the report,  such as the agency name, 

city, county, DOT district, date of crash,  DHSMV number, & 

investigating agency number. 

b. If the Traffic Homicide Investigation (THI) exists, use this report as a 

reference to review the case. 

c. Check over the THI report and make sure it is complete. Check for these 

items; document their status in the THI Completeness table: 

i. Accurate sketch of the scene with dimensions 

ii. Is the sketch proportionate or to scale? 

iii. Speed calculations available (where applicable) 

iv. CMV inspection report available (where applicable) 

v. Hours of service been reported (CMV only)?  If so, are they in 

compliance? See Appendix A for compliancy. 

vi. Driver History’s for each driver 

d. Is the Crash Report complete? (All pages/information available.) 
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4) Read the crash report narrative and look at the diagram, get a feel for what 

happened during the crash. 

5) As you review and read both the DHSMV and the THI reports, check the 

reports for accuracy and consistency.  

a. Is there any information given on the crash report that is incorrect or 

missing according to the THI? 

i. If so, correct the data in the database and enter the list of 

corrections in the Errors table in the database 

6) Review the officer’s determination of who was at fault. 

a. Assess each driver as at-fault or not at-fault and input the data into the 

database in the Driver table. 

b. Determine the action of the at-fault person. 

c. If there is any evidence that the officer’s assessment may be incorrect 

then make a note of the differences and why you disagree so that it can 

be discussed in the weekly roundtable meeting.  Note in Crash Data 

table. 

d. Determine which drivers received citations; list the type of citation 

received and by whom, including the statue number if available.  Input 

the data into the Violations table in the database.  Mark whether or 

not citations were given in the database in the Driver table.  

e. Determine whether any civil/criminal charges were filed for each 

driver. 

i. If so, what were the charges, including the statute number if 

available?  Input the data in the Violations table in the database.  

Be sure to indicate if charges were not filed due to death (in the 

driver table).   

ii. If there are any major discrepancies in the charges, make note 

of them and bring them to the weekly meeting so it can be 

discussed, also note them in the note field in the driver table. – 

(This information is vital to be able to make accurate 

assumptions.) 
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7) Review all of the occupants in each vehicle. Input the following data into the 

database in the Vehicle table. 

a. How many total occupants were in each vehicle? 

b. How many injuries were there in each vehicle? 

c. How many fatalities were there in each vehicle? 

8) Look at the safety equipment and determine whether or not the vehicle was 

equipped with air bags.  Specifically indicate if the airbag deployed for each 

occupant.  Input/check the following data in the database in the Driver & 

Passenger tables. 

a. Safety Equipment Use 

b. Position in Vehicles 

c. Injury severity 

9) Determine what day of the week the crash occurred on and input the data into 

the database in the Crash Data table?  

a. Determine if the crash happened on or near a “Federally Observed” 

Holiday?  See Appendix B. 

i. “Near” holidays is defined as follows: 

q If holiday is on a Friday, Saturday, Sunday or Monday, 

near = Fri-Mon. 

q Thanksgiving, near = Wed-Sun 

q Christmas, near = Christmas Eve & Day (unless on 

weekend, then refer to # 1) 

q New Years, near = New Years Eve & Day (unless on 

weekend, then refer to # 1) 

q Otherwise, near = day of Holiday 

10) Were there any pedestrians or bicycles involved? Input data in the database in 

Crash Data table.   

11) Were there any heavy trucks involved? Input data in the database in the Crash 

Data table. 

12) Look at the RCI data and get all of the necessary information?  Add to Crash 

Road Table. 
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a. ADT 

b. Pavement Quality 

13)   List, in order, the sequence of events that occurred before, during and after 

the crash.  See Appendix C for specific terminology. 

a. Do not include the contributing factors 

b. Include sufficient detail to ensure that the event is understandable.  

Use vehicle directions if necessary. 

c. Input the following data into the database in the Sequence of Events 

table. 

14) What are the harmful events listed on the crash reports? 

a. Are the harmful events sufficient and correct? 

b. What additional harmful events should have been included? 

c. Report any additional information in the database in the note field in 

the Crash Data table. 

d. Report any errors in the Errors table. 

15) From the narrative of the THI, extract the factors that potentially contributed 

to causing this crash. 

a. Break down the contributing factors into the following categories.  

Consider all of the items that are related, but do not limit the categories 

to those listed.  See Appendix D for specific terminology.  Input the 

following data into the database in the Crash Contributing Factors 

table. 

i. Roadway 

q Traffic control devices 

q Roadway geometry / Alignment 

q Roadside Geometry /  Structures 

q Striping / Pavement Condition 

q Signage 

q Location 

q Placement 

q Suitability 
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q Traffic Congestion  

q Reference any ASHTO guidelines, or any other 

reference books. 

q Soil Characteristics 

q Type of shoulder (paved, grass, gravel) 

ii. Driver/Person 

q Age (very old / very young) 

q Alcohol or drugs 

q Distracted (Inattention) 

q Aggressive Driving 

q Driver errors / Violations (e.g. D1 misjudged gap on 

permissive left turn phase and turned into path of V2; 

D1 did not stop at red arrow and turned left into path of 

V2) 

q Familiarity with vehicle 

q Familiarity with area 

q Mental Condition (state of mind)  

q Physical Condition 

iii. Environmental 

q Weather 

q Lighting 

q Vision obstructed (glare, etc) 

q Slick Roads 

q Objects in road 

iv. Vehicle 

q Mechanical Defects 

q Age / Size 

q Vehicle Defects 

q Load shifting / Escaping 

q Trailer attachment failure 
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b. After composing a list of contributing factors compare that list to the 

contributing factors listed on the crash report and determine if the 

factors were missed or listed correctly.  List all the errors in the 

database in the Errors table. 

i. What are the disagreements, if any? 

ii. What was not noted by the officer? 

c. Where there any circumstances that seemed odd or out of place? 

i. If so, what were they and why were they present?  Describe in 

detail in the note field in the Crash Data table in the database. 

16) From the narrative of the THI, extract the factors that contributed to the 

fatality. 

a. Follow the same system for determining contributing factors to the 

crash (# 15) but place the data into fatality contributing factor table. 

b. Break down the contributing factors to the fatality into the following 

categories.  See Appendix E. 

i. Roadway 

ii. Driver/Person 

q What type of safety equipment was being used? 

q Was anyone ejected from the vehicle? 

q Where was the fatally injured person located in the 

vehicle, with respect to the point of impact? 

iii. Environmental 

iv. Vehicle  

17) Determine if there was any type of construction around the area of the crash.  

a. If so, how did the construction influence the crash? 

b. Input the data into the database in the Crash Data table. 

18) Is the driver history available for the driver(s) in the THI (From Question # 

2.c.vi )?  

a. If so, answer the following questions and input the data into the 

database in the Driver table. 
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i. Was the license valid, suspended or revoked at the time of 

crash? 

ii. Are there any significant entries?  (such as criminal charges, 

DUI’s). 

iii. Rank the driving history, see Appendix F. 

19)  If photos are available, retrieve them and answer the following questions and 

input the data into the database in the Photos table.  Note: Even though some 

of these questions have been noted earlier, this information needs to be 

extracted directly from what can be seen into photographs. 

a. Were there any roadway issues that may have influenced the crash 

such as tripping mechanisms or roadway design issues? If so, list. 

b. Are there any specific details that need to be investigated on a site 

visit? 

c. What is the geometry of the roadway? - Note all aspects from grade to 

number of lanes, curbs, etc. 

d. Are there any skid marks visible? 

e. Are there any marks on the side of the road that would indicate if the 

vehicle left the road? 

f. What types of intersection controls are visible (if any)? 

g. Is there any road construction visible? 

h. What do the pavement and roadway quality/conditions look like? 

i. Are there any signs of inclement weather, such as wet roadway or 

policemen in raincoats? 

j. Were there any obstructions hit during the crash?  -- List them 

k. Were there any obstructions visible that were not hit in the crash? 

l. What is the position of the vehicle? 

20) Retrieve the video log for the given roadway ID and milepost (retrieve ½ to 1 

mile before crash site in the direction of all vehicles, if possible) from the 

DOT website. 

a. Note details that can be seen about the site not noted elsewhere, or 

things that need to be investigated during a site visit.  Examine 
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roadway design and traffic operations (signage, signal type and 

placement, etc.) issues.  Note condition and placement of all roadway 

features. 

b. Are there any safety devices (advance warning signs, crosswalks, etc.) 

noticeable on the video log? 

c. Provide a specific description of the roadway features, focusing on 

those relevant to both preventative and contributing factors for this 

crash. 

d. Determine if the crash site has been altered or if there have been any 

significant changes in the roadway, such as lanes added/removed, 

traffic controls added, roadway resurfaced. 

e. Using the video log and the knowledge of the crash, determine if a site 

visit is warranted with respect to the video log data.  Give a detailed 

explanation as to your decision in the Video table.  If site has 

changed, note how it has changed and how the crash might have 

influenced the redesign. 

f. Input all information about the video log in the Video table in the 

database. 

21) Review the roadway design and see if there are any attributes of the road that 

are not within the AASHTO design standards? 

a. Slope of shoulders 

b. Grade  

c. Super-elevation  

d. Width of roadway  

e. Radius of Curvature  

f. Note potential design issues in the Crash Contributing Factors table. 

22) Speed -- Input the following data into the database in the Vehicle table. 

a. If speed is relevant, what was the posted speed? 

b. How fast were the vehicle(s) going?  Perform reconstruction if 

necessary. 
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c. What is the speed differential between the vehicles (if relevant) or 

between the vehicle speed and the posted speed? 

d. Does the speed limit change within ½ - 1 mile before the crash site in 

the direction of any approaching vehicle? 

e. State who calculated the speed. 

23) For the overall crash, make an assessment and on a scale of 1-5 (5 being the 

highest priority) and rank the crash on whether or not a site visit is needed.  

Give a detailed explanation as to why you chose the priority that you chose 

and put the data in the Crash Data table. 

a. If you can answer YES to the following items then a site visit would 

NOT be required and should be given the priority of 1: 

i. Has the roadway been altered or reconstructed in any way since 

the crash? 

ii. Is the roadway currently under construction? 

iii. In the review of the photos and video log, the crash scene is a 

wide open, straight, flat, well constructed, unobstructed roadway 

with light to medium traffic.  The crash did not occur at an 

intersection.  The roadside features are adequate and not a 

hindrance.  The shoulders of the road are well constructed and 

are not too steep. (All of these statements must be true to answer 

“yes.”) 

iv. Was the crash was completely unrelated to roadway and traffic 

operations, such as a person falling or jumping from a vehicle, 

etc.   

b. Review the following items to aid in the determination as to what 

priority each site visit should be given:   

c. Given all of the information that has been retrieved, use the following 

table as a guide to help determine the site visit priority.  In using the 

priority ranges, the lowest priority should be used if the crash was 

exclusively related to driver error.  The mid range priority can be used 

for issues that include driver error, minor roadway issues and the 
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environment.  The highest priority range should be used for crashes 

that have major roadway design and traffic operations issues.  Be sure 

to use this as only a guideline and don’t limit the priority rating to 

what can be seen below. Use your experience as a driver and your 

knowledge of roadway issues and design to help in the overall site visit 

assessment.  

 

 

 

 

Priority 1 Priority 2 Priority 3 Priority 4 Priority 5 

See 
question 

23.a 

Straight and 
level 

roadway 

High speed 
crashes 

Curvature of the 
roadway at the 

crash site 

Heavy traffic 
volume / 

Congestion 

 
Adequate 
signage *Rollover crashes  

Poor approach 
and/or warning 

signage 

Intersections with 
inadequate or 

excessive signage 

 

Good 
perception / 

Sight 
distance 

*Simple 
Signalized 

Intersections 

Illegal turns 
(with respect to 

access management 
and appropriate 
signage) 

Poor Roadway 
design / 

**Apparent 
design issues 

 
Clear driver 

error 

Simple Non-

signalized 
intersections (e.g. 

Driveways, T-
intersections) 

All major / busy 

intersections -  

Access 

Management 
Issues 

  

Too fast for 
conditions / poor 

driving conditions 

Inadequate sight 
distance 

Complicated 
roadway designs 

  Alcohol Induced  

Complex 
intersections, 

complicated 
design issues, 

confusing  
* Except obvious design issues. 

** If the roadway issues are obvious (e.g. bridge w/no emergency lanes) and a 

site visit would provide no additional information, then the priority can be 

Driver 

Exclusive 
Driver/ Environment/ 

Minor Roadway Issues

Roadway 

Exclusive 
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reduced to a lower number accordingly.  However, make note of the roadway 

deficiency in the database. 

24) After reviewing all of the information for the crash, if you have determined 

that a site visit is warranted, list any items in detail that need to be examined 

at further during the site visit and list the information in the special note field 

in the  

 

Crash Data table. 

 

This part of the protocol set refers to specific crash types, and is written so the reviewer 

can use this as a guide in the review of the cases.  These questions should be expanded on 

for each case if necessary.  The data collected from these questions is to be added to the 

contributing factors (crash and fatality) as needed.  This can also be used as a guide to 

help determine the sequence of events.  Refer to as many crash types as necessary to 

describe all aspects of the crash (e.g. run off the road and pedestrian, intersection and 

fixed object, etc.). 

 

Run off the road crashes: 

 

1) What movements were the vehicles making? 

a. At-Fault vehicles 

b. Not-at fault vehicles 

c. CMV’s (if applicable)? 

d. Was the CMV at-fault? 

2) Was there any evasive action or steering input that took place prior to running off 

the road? 

a. Any indication why the vehicle ran off the road? 

i. Abrupt maneuver, slowing, drifting, aggressive driving, traffic 

congestion, incursion of another vehicle into lane, etc. 

3) Which direction did the vehicle run off the road?  (Median, gore, shoulders) 



103 

a. Did the vehicle overcorrect back into the travel lanes, overcorrect into 

opposing travel lanes, cross into opposing lanes without overcorrection, 

etc.? 

4) What are the roadway characteristics, such as, but not limited to: 

a. Ramps, rumble strips, roadway grade, curvature, super-elevation, 

pavement markings,  

b. Where known, indicate coefficient of friction for road surface, age of the 

pavement, whether the road was under construction, etc. 

c. Did roadway features affect crash (e.g. vehicle didn’t follow curvature)? 

5) Did the vehicle overturn? 

a. Try to determine the cause of the overturn. (Hit object, tripping 

mechanisms, loss of lateral stability, slope, etc.) 

6) Was there a difference in grade from the roadway to the shoulder? 

a. What was the shoulder type? (paved, gravel, etc)  

7) What were the characteristics of the shoulder? 

a. How soft was the soil (if applicable)? 

b. Where there any tripping mechanisms? 

c. What was the slope of the shoulder? 

d. Where there any obstructions in the shoulder? (refer to obstruction 

protocol) 

i. Were the obstructions fixed or not fixed? 

ii. Did the vehicle hit any of the obstructions? 

1. How far from the roadway were the obstructions? 

2. Were the obstructions in the clear zone? 

8) Did the roadway/shoulder characteristics influence the crash?   

a. If so, in what way?  

 

Signalized Intersection Crashes 

 

1) What type of intersection is it? 

2) What movements were the vehicles making? 
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b. At-Fault vehicles 

c. Not-at fault vehicles 

d. CMV’s (if applicable)? 

e. Was the CMV at-fault? 

3) Did the at-fault vehicle violate the signal? 

a. Was the movement legal? 

b. Was the vehicle in the appropriate lane? 

4) What type of traffic control was present for each vehicle? 

5) Was the traffic control device working properly (electronic)?  

a. If a traffic light, was the light flashing or cycling? 

i. If the light was flashing, is it always flashing, or does it begin a 

flashing phase at a certain time.  If so, what are the times that the 

light is flashing? 

6) Did the crash occur in the dilemma zone?  

7) Were there pedestrians involved? If so, refer to pedestrian protocol. 

8) How many lanes are present for vehicle/pedestrians to cross, including turn lanes 

if applicable? 

a. How many lanes did each vehicle/pedestrian cross before the impact? 

9) Are there exclusive turn lanes for turning traffic? 

a. Are there traffic signals for the turning movement? 

i. Are the signals protected, permissive, or both? 

ii. What was the condition during the crash? 

10) Are there crosswalks present?  Medians?  Channelization? 

11) Are there any sight distance issues? 

a. On approach of the intersection? 

b. Stopped at the intersection? 

c. Proceeding through the intersection? 

12) Are all of the traffic control devices clearly visible on approach of the 

intersection? 

13) Was there any advisory signage on approach to the intersection? 
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14) What is the type (mast arm/pole & wire, mounted horizontally or vertically) and 

location of the signals?  Were glare screens in place? 

15) What are the signal times and phases like? 

a. Are the signal times and phases appropriate for the ADT at the time of the 

crash? 

b. Are the signal times and phases appropriate for the roadway configuration 

at the time of the crash? 

c. Is the number of lanes appropriate for the ADT? 

16) Are the storage bays of the turn lanes long enough for the amount of traffic 

turning? 

17) Were the roadway characteristics an influence to the crash? 

a. If so, what influences were relevant? 

 

Non-Signalized Intersections (with/ without traffic control) 

 

1) What type of intersection is it?  What types of roads/driveways intersect? 

2) What movements were the vehicles making? 

a. At-Fault vehicles 

b. Not-at fault vehicles 

c. CMV’s (if applicable)? 

d. Was the CMV at-fault? 

3) What type of traffic control was present for each vehicle (if any)? 

4) Are all of the traffic control devices clearly visible on approach of the intersection 

(if applicable)? 

5) How many lanes are present for vehicle/pedestrians to cross? 

6) Are there turn lanes for turning traffic? 

7) Are there crosswalks present?  Medians?  Channelization? 

8) Are there any sight distance issues? 

a. On approach of the intersection? 

b. Stopped at the intersection? 

c. Proceeding through the intersection? 
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9) Was there any signage on approach to the intersection? 

10) Are the storage bays of the turn lanes long enough for the amount of traffic 

turning? 

11) For movements with stop sign, did vehicle stop?  Did vehicle misjudge stopping 

distance or gap distance? 

12) For movements with yield sign, did vehicle yield right-of way?   

13) Did vehicle make a legal maneuver using the appropriate lanes? 

14) Were the roadway characteristics an influence to the crash? 

a. If so, what influences were relevant? 

 

Lane Changes/Crossing Centerline  

 

1) Which direction was the lane change?   

2) What movements were the vehicles making? 

b. At-Fault vehicles 

c. Not-at fault vehicles 

d. CMV’s (if applicable)? 

e. Was the CMV at-fault? 

3) Was the lane change intentional or evasive? 

a. Was the vehicle drifting? 

4) What was the angle of the collision? 

5) Was sight distance an issue? 

6) Were there pavement markings and were they clearly visible on the roadway? 

7) Was the equipment on the vehicles working properly, e.g. headlights, taillights? 

8) Was either of the vehicles in its correct lane? 

a. If not, which vehicle was in the wrong lane? 

b. Why was this vehicle in the wrong lane?  

i. What action made the vehicle proceed to the wrong lane? (merging 

from shoulder, passing, merging from entrance ramp, etc) 

9) Were there any evasive actions or steering inputs that took place prior to the lane 

change or after the lane change? 
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10) Did vehicle cross over the centerline into opposing lanes? 

a. What were the speed differences in the vehicles involved?   

11) Did the vehicle leave the roadway?  If so, refer to run-off the road protocols. 

12) Did the vehicle overturn? If so, see overturn crashes. 

13) Were the roadway characteristics an influence to the crash? 

a. If so, what influences were relevant? 

 

Rear-End Crashes 

 

1) What were the speed differences in the vehicles involved?  (Speed is a major issue 

in working with rear-end crashes.) 

a. Were vehicles above/below posted speeds? 

2) Was there any evasive action taken prior to impact? By which vehicle? 

a. If so, explain what actions were taken and how close to the impact were 

the actions taken. 

b. If not, try to determine why, such as, was the driver not paying attention, 

fatigue, medical conditions, defective equipment, etc. 

3) Why was the lead vehicle stopped/slowing? (Stopped due to traffic, U-turning, 

legally/illegally parked)? 

a. Was traffic congestion an issue? 

i. If so, what was the cause of the congestion (construction, 

insufficient storage on turn-lanes, etc.)?  Specifically look at the 

ADT and other traffic data to determine if the Level of Service is 

adequate.  

b. If any of the vehicles were parked, determine why they were parked. 

i. Were they parked legally and if so why/how did the vehicle get hit. 

ii. For vehicles parked on the road side,  

1. Determine why the vehicle was parked on the side of the 

road    

2. Look at the shoulders/emergency-lanes and determine if 

they are adequate 
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3. Was the vehicle far enough off the road 

c. Were any vehicles making a U-turn? 

i. Was it at a legal/illegal cross over? 

ii. Was a left turn lane provided? 

d. If a CMV was involved, did the CMV rear-end a vehicle or did the CMV 

get rear-ended? 

4) Who was at-fault, the driver of the vehicle in the front (that was rear-ended) or the 

driver of the vehicle in the rear (that sustained frontal damage)? 

5) How did the roadway design affect the crash with respect to vehicle movements? 

 

Non-Fixed Obstructions 

 

1) Where was the object located? On the road?  If not on the road, how far from the 

road? 

2) What was the obstruction? 

3) Where did it come from? 

4) Was the object large enough to be visible to the driver? 

5) Was the perception/reaction an issue to avoid the object? 

 

Fixed Obstructions 

 

1) Where was the object located?  How far from the road? 

2) What was the obstruction? 

3) Was the object in the clear zone? 

4) Was the object a “break-away”? 

5) How fast was the vehicle going when it left the road, and when it hit the object? 

6) Was the obstruction FDOT property? 

7) Were there guardrails/attenuators in place? 

a. What was their condition?  Why/how did they fail? 

 

Pedestrians  
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1) What is the road type where the pedestrian was hit?  (Intersection, Interstate, 

undivided, 4-lane divided, etc) 

2) How many lanes were they attempting to cross? 

3) What movement was the vehicle attempting?  (Through movement, right turn, left 

turn, changing lanes, etc.) 

4) What movement was the pedestrian attempting?  (Walking across road, running 

across road, standing in road, standing on shoulder, walking with traffic, walking 

against traffic, etc.) 

5) In which lane was the pedestrian hit?  How many lanes did they successfully 

cross? 

6) Were there crosswalks available, if applicable? 

7) Were there sidewalks available, if applicable?  On which sides of the road? 

8) Was a median or channelization available, if applicable?  Painted or raised? 

9) If crossing roadway, were there any pedestrian signals available?  If so, was the 

pedestrian crossing with or against the signal? 

10) What types of signals were present at the intersection (if applicable)? 

a. Where were the signals located? 

11) How close was the pedestrian to the nearest pedestrian control?  (crosswalk if 

crossing road, sidewalk if in road, etc) 

12) If the pedestrian was walking/running in roadway, were they traveling with or 

against traffic? 

13) How fast was the vehicle traveling? 

a. Did the driver attempt any evasive action? 

b. Did the pedestrian attempt any evasive action? 

14) Was the pedestrian under the influence of alcohol or drugs? 

15) How old was the pedestrian? 

a. Could age have been a factor (very old/young)? 

 

Mechanical Malfunctions 
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1) What type of mechanical defect caused the crash, such as tires, steering wheels, 

axles, etc.? 

2) Was the driver aware of the defect before the crash? 

3) If the defect was tire related, determine if it was a blow-out, tread separation, or a 

deflation. 

a. If it was a tread separation, determine the vehicle make and model and see 

if the tires fall under the Ford Explorer/Firestone Tire problems.  

b. Did tire fail prior to crash or as a result of/during the crash? (e.g. deflation 

due to loss of lateral stability (vehicle movement perpendicular to rolling 

direction)) 

 

Other Crashes 

 

1) Over-correction crashes  

a. Determine what caused the driver to over-correct (overtaking vehicle, 

vehicle incursion into lane, sudden awareness following inattention/sleep) 

b. What type or amount of steering input caused the over-correction? 

c. If the over correction is due to a run-off the road type crash then refer to 

the run-off the road protocols. 

2) Roll-over crashes 

a. What steering input caused the vehicle to roll over 

b. Look at the roadway geometry and determine if the roadway was a factor 

c. Was there a tripping mechanism to cause the overturn? 

d. What type of vehicle?  Is this vehicle susceptible to rollover? 

e. What type of damage did the vehicle sustain? 

f. Did the vehicle leave the roadway before overturning? 
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APPENDIX B 

  LIST OF SEQUENCE OF EVENTS 

 

 

Sequence of Events 

Accelerated Into Roadway Improper Merging 

Applied Brakes Late Improper Parking 

Attempting to cross intersection Jackknifed 

Attempting to turn Left the Scene 

Caught Fire Legally Parked 

Crossed Median Locked Brakes & Skidded 

Driving Below Minimum Speed Limit Lost Control 

Driving in Excess of Maximum Speed Limit Over Corrected 

Drove off Bridge Proper Parking 

Drove Onto Shoulder Pulled out in Front of 

Ejected (Passenger or Driver) Ran off the Side of the Road (right or left) 

Entered Emergency Lane Reentered Roadway 

Entered Exit Lane Rolled, Flipped, Overturned 

Entered oncoming Lanes of Traffic Slowing to Turn 

Entered the median Stopped in Traffic 

Entered the path of Stopped on Shoulder 

Entered Travel Lanes (EB,WB,NB,SB) Struck by Debris 

Failed to Slow 
Struck Obstruction (Guardrail, Bridge Pillar, 
Road Sign, etc.) 

Failed to Stop Tire Failed 

Failed to Yield Right of Way Took Evasive Action 

Illegally Parked Took No Evasive Action 

Improper Backing Vehicle had a Flat Tire 

Improper Lane Changing Vehicle was Disabled 
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 APPENDIX C 

  CONTRIBUTING FACTORS OF THE CRASH 

 

 

Contributing Factors - Crash 

Age Lighting 

Asleep Location of TCD 

BAC Lost Control 

Blind Mentally Challenged 

Cardiac Arrest Metabolites 

Careless Driving No Headlights 

Cocaine No pedestrian control devices 

Coefficient of Friction No Rumble Strips 

Construction No TCD 

Deaf  Obstruction 

Driver Distraction Overcorrected 

Driver Error Passenger fell from vehicle 

Driving Experience Perception/reaction 

Drugs Prozac 

Environment Roadway Geometrics 

Excessive hours of service Seizure/Epilepsy/Blackouts 

Failure to obey traffic control devices Sight Distance 

Failure to yield right of way Slick Roads 

Fatigue Slow Moving Vehicle 

Following too closely Speed Unsafe for Conditions 

Glare Speeding 

Grade Underage Driver 

Illegal Turning Unfamiliar Territory 

Improper Parking Unfamiliar with Vehicle 

Insecure Load Vehicle Defect 

Jaywalking Vehicle Overweight 

Length of CMV and Trailer Weather 
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 APPENDIX D 

  CONTRIBUTING FACTORS OF THE FATALITY 

 

 

Contributing Factors to Fatality 

No seatbelt 

Ejected 

Age 

Vehicle defect 

Airbag 

Fire 

Heart Attack 

Drowning 

Defective Child Restraint 

Head Injury 

Blunt Injuries 

Pedestrian in Roadway 

BAC/Drugs 

Impact 

Struck By Car 

Partial Ejection 
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 APPENDIX E 

  GUIDE TO RATING DRIVER'S HISTORY 

 

 

Guide to Rating Driver's History* 

Rank Driver History 

0 Clean Record 

1 Seat Belt Violation/Defective Equipment 

2 

Speeding Violations (0 to 15 mph over limit)/Other moving 
Violations/Accidents 

3 Speeding over 15 mph/Careless Driving/Suspension 

4 Reckless Driving/DUI 

5 Vehicular Manslaughter/Revoked License 

*Consider number of violations and length of driving history in making assessment. 
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APPENDIX F 

FLORIDA TRAFFIC CRASH REPORT 
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