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l. Introduction

The mission of the National Highway Traffic Safety Administration (NHTSA) is to save lives,
prevent injuries and reduce traffic-related health care and other economic costs. The agency

devel ops, promotes and implements effective educational, engineering, and enforcement programs
aimed at ending preventable tragedies and reducing the economic costs associated with motor
vehicle use and highway travel.

Asanintegra part of the U.S. Department of Transportation (DOT), the agency improves public
health and enhances the quality of transportation by helping to make highway travel safer. A
multi-disciplinary approach is used that draws upon diverse fields such as epidemiology,
engineering, biomechanics, the social sciences, human factors, economics, education, law
enforcement and communication science to address one of the most complex and challenging
public health problems facing our society.

NHTSA isthe nationa and international leader in collecting and analyzing motor vehicle crash
data, and in developing countermeasures relevant to preventing and mitigating vehicle crashes,
thereby reducing and preventing resulting fatalities and traumatic injury. The agency regulates
motor vehicle and original equipment manufacturers through its safety standards program; provides
national and international leadership in understanding and assessing the safety impact of advanced
technologies; sponsors critical research; spurs progress in harmonizing international safety
standards; and conducts innovative projects to improve traffic and motor vehicle safety. All

aspects of engineering, education, enforcement and evaluation are incorporated into programs to
address the challenges of crash and injury prevention involving people, vehicles, and the roadway
environment.

The following report presents an in-depth look at one of the most significant safety issues
impacting highway safety and the success of NHTSA’s mission — vehicle rollover. This document
describes the safety problem represented by vehicle rollover and provides strategies the agency
plans to pursue to reduce the likelihood of rollover crash events and to improve crashworthiness in
such crashes, thereby saving lives and reducing serious injuries. In addition to the full agenda of
highway safety issues, impaired driving, vehicle compatibility and safety belt use are the other
priority issues set by NHTSA to reduce the occurrence and consequences of motor vehicle fatalities
and injuries. The agency is offering the public the opportunity to comment on each of the four
documents, which can be found at future dates on NHTSA’s Web site at
http://www.nhtsa.dot.gov/peopl €/iptreports.html and also in DOT’ s docket management system
(DMY) at http://dms.dot.gov/. The docket numbers for each of the respective reports are as
follows:

o Safety Belt Use NHTSA-2003-14620;
o Impaired Driving NHTSA-2003-14621,
o Rollover Mitigation NHTSA-2003-14622; and,
o Vehicle Compatibility NHTSA-2003-14623.



. Highway Safety Overview

Despite significant gains since the enactment of Federal motor vehicle and highway safety
legidation in the mid 1960's, the annual toll of traffic crashes remains tragically high. 1n 2001,
42,116 people were killed on the Nation’s highways and an additional 3.03 million people suffered
seriousinjuries. Motor vehicle crashes are the leading cause of death and disability for Americans
between the ages of 2 and 33.

Traffic crashes are not only a grave public health problem for our Nation, but also a significant
economic burden. Traffic crashes cost our economy approximately $230 billion in 2000, or 2.3
percent of the U.S. Gross Domestic Product. This trandates to an annual average of $820 for every
person living in the United States. Included in this figure is $81 billion in lost productivity, $32.6
billion in medical expenses, and $59 billion in property damage. The average cost for a critically
injured survivor of amotor vehicle crash is estimated at $1.1 million over alifetime. Thisfigure
does not even begin to reflect the physical and psychologica suffering of the victims and their
families.

1. Integrated Project Team Formation
In September 2002, NHTSA formed four integrated project teams (IPTS) to conduct an in-depth
review of four priority areas:

Safety Belt Use,
Impaired Driving,
Rollover Mitigation; and
Vehicle Compatibility.
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These teams were chartered to support the agency's strategic planning work by using
comprehensive, science and evidence-based analyses to identify innovative solutions and
recommend effective strategies in their respective issue areas. The Federal Highway
Administration (FHWA), another DOT agency, who has lead responsibility along with State
highway agencies for initiatives relating to roadway and roadside hardware improvements, had
representatives on the rollover mitigation and vehicle compatibility teams.

Teams were encouraged to be innovative in their thinking and novel in their approaches. The
resulting proposals covered a wide range of possible solutions, from what could be accomplished
through changing driver behavior, to vehicle modifications and roadway improvements.
Recommended strategies were based on science, data and other available evidence. The teams also
attempted to estimate the possible benefits and costs associated with implementing various
strategies.

Each team began by conducting a problem identification analysis — researching and analyzing
crash data in the problem area (e.g., number of injuries and fatalities associated with each issue).
The purpose of the problem identification was to accurately describe the safety problem in enough
depth to provide structure and underpinning to various potential strategies.



The teams then organized and linked the array of possible strategies to their potential safety
impacts. Thisincluded estimating the benefits and timeframe for implementation, discussing risks
and uncertainties, and identifying constraints.

In February 2003, NHTSA senior management officials evaluated the | PT strategies to determine
which strategiesthe agency should pursue. The recommended strategies presented here are not
simply alist of activities but relate in a strategic and interdependent manner and, if implemented
effectively, will lead to improved safety performance. Each of the four priorities— safety belt use,
impaired driving, rollover mitigation and vehicle compatibility — is addressed in a separate
document. This document reflects the agency’s plan for rollover mitigation strategies.

IV.  General Problem Identification for Rollover Mitigation

Rollover crashes are complex events that reflect the interaction of driver, road, vehicle, and
environmental factors. A rollover is acrash in which a vehicle revolves at |east one-quarter turn
(which would be onto its side), regardless of whether the vehicle ends up laying on its side, roof, or
even returning upright on all four wheels. Rollovers occur in a multitude of ways. Most rollovers
are “tripped,” that is the vehicle rolls over after leaving the roadway striking a curb, soft shoulder,
guard rail or other object that “trips’ it. A small percentage of rollover events are “untripped”

(e.g., tire and/or road interface friction).

Rollover crashes are dangerous events. Eight percent of light vehicles (passenger cars, pickups,
vans, and sport utility vehicles (SUVs)) in crashes roll over, yet 21 percent of seriously injured
occupants and 31 percent of occupant fatalities occur in rollovers (see Figure 1). According to the
2001 Fatality Analysis Reporting System (FARS), a census of all crashes involving a motor vehicle
on a public roadway that resulted in at least one fatality within 30 days of the incident, 10,138
people were killed as occupants of light vehiclesin rollover crashes. Of those, 8,407 were killed in
single-vehiclerollover crashes. Seventy-eight percent of the people who died in single-vehicle
rollover crashes were not wearing the vehicle safety belt, and 64 percent were partially or
completely gjected from the vehicle (including 53 percent who were completely e ected).



FIGURE 1. All Crashes (RO=Rollover)
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Using data from the 1997-2001 National Automotive Sampling System (NASS) Crashworthiness
Data System (CDS), an automated, comprehensive national traffic crash database, NHTSA
estimates that 281,000 light vehicles are towed from police-reported rollover crashes each year (on
average), and that 30,000 occupants of these vehicles are serioudly injured, defined as an
Abbreviated Injury Scale (AlS) rating of at least AIS3. AlSisascae (from 1 to 6) used to rate the
severity of injuries based on their threat to life. AIS 1 are minor injuries (e.g., asimple cut or
bruise), while AlS 6 injuries almost always result in death. Estimates from NASS CDS indicate
that 80 percent of towaway rollovers were single-vehicle crashes, and that 83 percent (168,000) of
the single-vehicle rollover crashes occurred after the vehicle left the roadway. An audit of NASS
CDS data showed that about 95 percent of rollovers in single- vehicle crashes were tripped by
mechanisms such as curbs, soft soil, pot holes, guard rails, and wheel rims digging into the
pavement, rather than an “untripped” rollover event (e.g., tire and/or road interface friction).

Figure 2 shows the number of seriously injured, non-fatal occupants (AlS of 3 or greater) in
rollover crashes, broken down by vehicle type. Passenger car injuries make up slightly more than
half of all seriousinjuriesin light vehicles involved in arollover, primarily because they are the
most prevalent type of light vehicle. The figure also shows the distribution of injuries by type of
impact. Rollovers account for 13 to 16 percent of the occupant injuries in vans and cars, but
account for a much higher proportion in pickup trucks (30 percent) and SUV's (46 percent).



FIGURE 2: Serioudly Injured Non-Fatal Rollover Occupants by Vehicle Type

Rear /

2%

Side
Side 11%
20%

Rear
Cars 1%

Pickups

RO = 15,535 occupants RO=6,595 occupants

Vans SUVs
RO=1,600 occupants RO=5,930 occupants

Source: Average Annua Estimate NASS-CDS 1997-2001

Therisk of rollover is greater for vehicles with a high center of gravity in relation to the track
width. Figure 3 shows the number of fatally injured occupantsin rollover crashes broken down by
vehicle type. Passenger car fatalities account for 45 percent of all light vehicle occupant fatalities
involved in arollover. The figure also shows the distribution of fatalities by type of impact.
Rollovers account for 22 percent of passenger car fatalities, 39 percent of van fatalities, 44 percent
of pickup fatalities, and 61 percent of SUV fatalities. Asshownin Figures2and 3, rolloversin
SUVs are the leading cause of severe injury and death to their occupants. Likewise, rollovers are
the leading cause of death to pickup truck occupants.



FIGURE 3: Rollover Occupant Fatalities by Vehicle Type
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Estimates from the NASS General Estimates System (GES), 1997-2001, a nationally representative
sample of police reported motor vehicle crashes of all types, from minor to fatal, indicate that 1.7
percent of cars, 2.0 percent of vans, 3.8 percent of pickup trucks and 5.5 percent of SUVswere
involved in crashes where the vehicle rolled over. Pickup trucks and SUV's have the highest
frequency of rollover among the four major classes of light motor vehicles.

Factors that strongly relate to rollover fatalities are: a single vehicle crash (83%), arural crash
location (60%), a high-speed (55 mph or higher) road (72%), nighttime (66%), off-road
tripping/tipping mechanism (60%), young (under 30 years old) driver (46%), male driver (73%),
alcohol-related (40%), speed-related (40%), unbelted (72%), and/or gected (64%).

Safety belts are the most effective crashworthiness countermeasure in reducing fatalities resulting
from rollovers due to the mitigation of ejection. Based on aNHTSA study of 1986-99 FARS data’,
safety belts reduce fatalities in rollovers by 74 percent in passenger cars and 80 percent for light
trucks. A separate |PT was formed to address the issue of increasing safety belt use.?



V. PROPOSED INITIATIVES

The initiatives that NHTSA plans to pursue in addressing vehicle rollover are described in this
section. The proposed initiatives fall into four main categories. vehicle strategies (crash avoidance
and crashworthiness), roadway strategies, behaviora strategies and other initiatives. Under each,
the agency has identified a number of approaches of what vehicle and roadway designs as well as
driver actions lead to rollover, and what countermeasures would be appropriate to assist in the
mitigation of the rollover problem.

A) VEHICLE STRATEGIES

CRASH AVOIDANCE

Improved handling and stability and reform of the Corporate Average Fuel Economy
(CAFE) program are the crash avoidance vehicle initiatives the agency is pursuing. They
are described in this section.

1) HANDLING AND STABILITY

Handling and stability refers to how well a vehicle stays in contact with the road and
remains in the travel lane during ordinary driving maneuvers. Good handling and yaw
stability (the vehicle's ability to stay pointed in the direction the driver intended) can
reduce the number of “loss of control” crashes that often lead to rollover by assisting the
driver in maintaining control of the vehicle. Most rollovers occur when a vehicle runs-off-
the-road (ROR) and strikes a curb, soft shoulder, guardrail or other object that "trips" it.

In 2003, NHTSA will implement a combined rating system for rollover resistance using
both static and dynamic test data beginning with model year (MY) 2004 vehicles. Static
test data refers to the Static Stability Factor (SSF). Thisis a measurement of the height of
the center of gravity divided by one- half of the track width of the vehicle. Static test data
are measured while the vehicle is standing still (statically). Dynamic test datais atest of
the vehicle in motion, e.g., how well the vehicle does in a particular driving maneuver. The
rollover resistance ratings estimate the risk of rollover in the event of a single vehicle crash.

Electronic Stability Control (ESC) (which is offered by several manufacturers under
various trade names) is a technology designed to assist drivers in maintaining control of
their vehicles during extreme steering maneuvers. ESC senses when avehicle is starting to
spin out (oversteer) or plow out (understeer), and it helps to turn the vehicle to the
appropriate heading by automatically applying the brake at one or more wheels (ESC takes
over the brakes and may affect the throttle, but not the steering). Some systems also
automatically slow the vehicle with further brake and throttle intervention. Slowing the
vehicle not only directly reduces the likelihood of arollover, but also improves the
controllability of the vehicle, thereby reducing the likelihood of having a single vehicle
crash in the first place.

However, ESC cannot keep a vehicle on the road if its speed is ssmply too great for the
available traction, during some attempted driver maneuvers, or if road departure is a result
of driver inattention. In these cases, the installation of roadway departure crash warning
systems could assist. A roadway departure crash warning system can consist of two



subsystems. One subsystem (lateral road departure crash warning system) gathers
information about road geometry and vehicle position and warns the driver if the vehicle's
path is leading to a ROR crash. The second subsystem (longitudinal road departure crash
warning system) gathers information about the curvature of the road ahead and current
vehicle speed and warns the driver if the vehicle's speed is excessive for upcoming curves.
(The warning for the driver could be visual, audible, or a combination of both. It could
even be more invasive; e.g., the steering rim could shake or the brakes could be applied for
a short time.)

a)

b)

Highlights of Current Program

The agency is currently developing a dynamic rollover test to meet the Transportation
Recall Enhancement, Accountability, and Documentation (TREAD) Act requirements.
A request for comment was issued in the October 7, 2002, rollover rating Notice of
Proposed Rulemaking (NPRM). NHTSA is currently evaluating the comments to
determine if the proposed concept has merit.

As part of its Dynamic Rollover Test Development research, NHTSA has performed a
very limited amount of research on ESC systems. These efforts found substantial
system-to-system differences in the performance of various ESC systems.

Agency efforts on roadway departure warning systems consist of research to provide a
better understanding of the conditions that lead to ROR crashes. Past and present
efforts include:

o University of Michigan Transportation Research Institute, Road- Departure
Countermeasures Field Operational Test, to be completed in 2005;

o National Institute of Science and Technology, Objective Tests for Road-
Departure Crash Countermeasures, to be completed in 2004; and,

o Carnegie-Méllon University, ROR Collision Avoidance Countermeasures using
Intelligent Vehicle Highway System (IVHS) Countermeasures, completed in
1999.

Proposed Initiatives

NHTSA will complete the necessary research to evaluate the feasibility of atest
protocol and proposed rating system for a consumer information program on handling.
After the research is completed, NHTSA will decide whether it is appropriate and
reasonable to proceed with a handling rating system.

NHTSA will continue its research and devel opment work on ESC systems to:
o Determine which current ESC systems achieve the highest safety benefits and

are most effective. As noted above, there are substantial differencesin the
performance of existing ESC systems.
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