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OVERSIGHT ON
PASSENGER VEHICLE ROOF STRENGTH

WEDNESDAY, JUNE 4, 2008

U.S. SENATE,
SUBCOMMITTEE ON CONSUMER AFFAIRS, INSURANCE, AND
AUTOMOTIVE SAFETY,
COMMITTEE ON COMMERCE, SCIENCE, AND TRANSPORTATION,
Washington, DC.

The Subcommittee met, pursuant to notice, at 10 a.m. in room
SR-253, Russell Senate Office Building, Hon. Mark Pryor, Chair-
man of the Subcommittee, presiding.

OPENING STATEMENT OF HON. MARK PRYOR,
U.S. SENATOR FROM ARKANSAS

Senator PRYOR. Let’s go ahead and call the meeting to order.

I'd like to welcome everyone here today, especially Senator
Coburn. We’re going to let him go first. But, let me just give, if I
may, give a brief opening statement. I know that Senator Coburn
has other commitments he has to get to.

Today we're going to talk about automobile safety, and we’ll focus
on the NHTSA rulemaking on vehicle roof strength standards to
protect automobile passengers in the event of rollover accidents.

The hearing will look at the biomechanics and what actually oc-
curs in a rollover, the relationship between the vehicle roof
strength and the occupant injury risk, the history and efficacy of
the National Highway Traffic Safety Administration’s roof strength
standard in improving vehicle safety, and a review of the January
30, 2008, Supplemental Notice of Proposed Rulemaking. The agen-
cy’s deadline for issuing the final rule is July 1 of this year—which
is just in—what, I guess 4 weeks from now or less—with a legally
permissible extension, if necessary.

Just in terms of background, this agency has the responsibility
of trying to make our vehicles safer, and thousands of Americans
are killed and injured each year in motor vehicle accidents. The
agency reported that—42,642 highway-related fatalities and
2,575,000 injuries in 2006. Of the 42,000 fatalities, about 10,000—
a little more than 10,000 were killed by rollover crashes, and 2,007
people sustained injuries due to rollover crashes.

The majority of rollovers occur when a driver loses control of the
vehicle, causing the vehicle to begin sliding sideways. Typically,
something triggers the vehicle to begin rolling. The trigger could be
a tripping object, such as a curb or a guardrail, or even soft and
uneven ground at the side of the roadway, like the shoulder. An-
other trigger for rollover could be an attempt by the driver to make
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an overly aggressive turn of the vehicle, either at a high velocity
or at a tight turning radius.

“Roof crush” describes the vehicle’s roof as it is deformed during
a rollover crash. When the vehicle’s structural integrity is reduced,
window glass can break and the doors can open, which can further
weaken the roof structure. According to some analysts, a collapsing
roof can compromise all the vehicle’s safety features, including its
seatbelts, window glazing, side-curtain airbags, and door retention.
Partial or complete ejection of the occupants can result. And when
a vehicle roof buckles inwards, occupants’ heads are exposed to the
risk of head and neck injuries.

On September 1, 1973, NHTSA issued its first roof crush stand-
ard that took effect for passenger cars. The standard currently ap-
plies to passenger cars and multipurpose passenger vehicles,
trucks, and buses with a gross weight rating of 6,000 pounds or
less. Federal Motor Vehicle Safety Standard 216 establishes a min-
imum roof strength standard for these vehicles. The purpose of the
standard is to reduce deaths and injuries due to the crushing of the
roof into the occupant compartment in a rollover crash.

One thing we'll talk about today is testing, and testing involves
applying a metal plate at a constant speed to one side of the vehi-
cle’s roof. Compliance with the standard is contingent upon the roof
withstanding a force of 1.5 times the vehicle’s weight before 5
inches of crush have occurred. That’s the current standard.
SAFETEA-LU, which became law in August of 2005, directed the
Secretary of Transportation to initiate a rulemaking to revisit this.
The law clarified that the rulemaking proceeding would apply to
vehicles with a weight of 10,000 pounds or less.

Congress encouraged NHTSA, in its rulemaking proceeding, to
consider dynamic tests that realistically duplicate the actual forces
transmitted during the rollover crash. I'm sure we’ll hear some tes-
timony about that. The law also directed the agency to issue a final
rule by July 1, 2008. And actually, I met with NHTSA yesterday,
and they hope—they think that they can finish this by 2008, but,
you know, they’re not 100-percent confident of that, but I know
they're trying very hard. If the agency determines that it cannot
meet the deadline, the agency has to notify the proper Congres-
sional committees of jurisdiction and establish a new deadline.

And so, everybody’s working hard. This is a very, very important
hearing. We do have many, many fatalities in this country that are
the result of roof crush during a crash, and it’s something that I
hear a lot about at home, and I know my colleagues do, as well.
And so, we're going to have several witnesses today. I'm not going
to go through the list right now.

But, I do want to open this by thanking my colleague from Okla-
homa, Dr. Tom Coburn, who is also Senator Tom Coburn, for those
of you who don’t know, and he has approached me on the floor and
in the hallways here several times about how important this is to
him as a medical professional and based on some personal experi-
ence that he has had in his home State of Oklahoma.

So, Senator Coburn, welcome to the subcommittee, and we are
honored to have you here, and we’d love to hear your opening state-
ment.
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STATEMENT OF HON. TOM COBURN, M.D.,
U.S. SENATOR FROM OKLAHOMA

Senator COBURN. Senator Pryor, thank you, and thank your
staff, for making available this forum to address not only the proc-
ess, but the safety.

And, like many other people who are going to appear before you
today—I'm not an expert on automobile safety or manufacturing,
but, like everyone here, I'm very much interested in seeing a reduc-
tion in rollover fatalities and injuries.

A few months ago, I met with one of my constituents from Okla-
homa. His name’s Kevin Moody. He’s been a tireless advocate, call-
ing for increased vehicle roof strength standard. In 2003, Kevin’s
son, Tyler, was killed when the SUV he was driving rolled over,
causing the vehicle’s roof to crush down on him. Unfortunately,
Kevin couldn’t be here today to testify, but I hope that my testi-
mony in this hearing will honor his efforts and the life of his son,
Tyler.

There are many different factors that lead to vehicle occupant fa-
talities and serious injuries in rollover accidents, but today we'’re
here to discuss the vehicle roof strength safety standard known as
FMVSS 216. And, as you outlined, Mr. Chairman, SAFETEA-LU
included language requiring NHTSA to have a standard by July 1,
2008.

I would just take an aside. I don’t think it’s as important that
they get this done by July 2008 as much as it is important as they
get it right. So, I don’t think the timing is as important as them
getting it right.

An update of this standard will be the first substantial change
since 1973. Since the early 1970s, advancing technologies create a
great many vehicle safety improvements, which our manufacturers
have incorporated, that have saved a lot of lives. These include
anti-lock brakes, airbags, and Electronic Stability Control. Tech-
nology has also resulted in better materials and design engineering
that can be used to produce stronger vehicle roofs.

While many automobile manufacturers have used these tech-
nologies to increase roof strength of their vehicles well above the
Federal standard, there are still many vehicles that are produced
that have roofs that will easily crush in the event of a rollover.
Congress initiated the rulemaking process because NHTSA was
still using the same test and performance criteria that they used
when the roof standard was originally set up in 1973. It’s hard to
find anyone in private or public sector that’s doing things the same
today that they were in 1973. NHTSA’s Notice of Proposed Rule-
making has acknowledged these new testing methods and the im-
proved roof strength in today’s technology embodied vehicles. It
does not appear that they’re ready to make, however, with a rule-
making, a leap to the 21st century from the 20th century.

I want to touch, for a minute, on the public health problem that’s
caused by vehicle rollovers. According to NHTSA’s own numbers,
10,000 people are killed each year in rollover crashes, which is one-
third of—at least—close to one-third of accident fatalities. They’re
the number one killer—automobile crashes are—of people between
the age of 1 and 34. It is the number one cause of death. Including
to—the loss of life, 24,000 people a year are seriously injured in
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rollovers, leading to millions of dollars of healthcare expenditures,
but, more important, marked impairment of people’s lives.

Spinal cord injuries are also very common, as the occupant’s
head makes contact with the roof or the ground. Of the 12,000 spi-
nal cord injuries that occur each year, over 5,000 occur in auto-
mobile accidents. Although exact numbers are not kept, the num-
ber of spinal cord injuries that result from rollover accidents can
be conservatively estimated to be around 2,600 per year.

As a physician, I see having vehicles with stronger roofs as an
effective healthcare prevention measure to reduce the number of
quadriplegic, paraplegic, and other serious injuries that result from
roof crush.

I'm not here to offer a policy solution to address roof crush, but,
after studying this issue, I believe that there are three things that
will translate into safer cars and a more informed public:

The first is greater transparency into NHTSA’s rulemaking proc-
ess. Senator Obama and I created and passed the Transparency
and Accountability Act, two years ago. The way we get account-
ability from government is transparency. And I have some great
heartburn with the transparency in this rulemaking process. The
rulemaking introduced by NHTSA examines the costs and benefits
of increasing roof strength-to-weight ratio from 1.5 to 2.5. However,
NHTSA did not provide any information as to why the 2.5
strength-to-weight ratio was chosen, as opposed to 3, 3.5, or 4.0.

In January, in a Supplemental Notice of Proposed Rulemaking,
NHTSA does discuss these stronger strength-to-weight ratios, but
they limit their analysis to the cost and weight each standard
would add to vehicles, and largely ignore the safety benefits.
NHTSA also mentions that if every single rollover crash—rollover
death resulting from roof crush were prevented, the total lives
saved would be 476. That doesn’t fit with the other numbers that
they publish. However, they provide no evidence for how they came
up with that figure—there is no transparency in it—which most
automobile safety experts say is difficult to quantify.

Another provision lacking proper rationale in the proposed rule
is one that would give the new roof strength standard preemption
from any common law or tort law. Twenty-six state Attorneys Gen-
eral wrote to NHTSA expressing that this would be a major set-
back to vehicle safety, yet NHTSA has not offered any explanation
for why the rights of a vehicle purchaser to seek a common law
remedy for harm done to them should be taken away.

When the final rule is released, NHTSA needs to provide the
public with transparency into why they believe these regulations
are to be adopted, not just offer the regulations. With a budget of
over $830 million a year, there is no excuse for NHTSA not to pro-
vide clear and precise evidence for how vehicle safety standards
were decided.

The second thing that I think is important is that—the increase
in the efforts to inform consumers about the safety of vehicles in
rollovers. In my almost 10 years of experience as a Member of Con-
gress, I've found the best way to connect the government to the
people is through an open and transparent government. That’s how
we hold our elected officials accountable. The 2005 highway bill
contained a provision known as “Stars on Cars.” And that requires
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all new cars to post NHTSA’s five-star safety rating system result
on car stickers. This was a great policy for Congress to adopt, be-
cause it takes critical safety information that might not be acces-
sible to consumers, especially those without Internet access, and
clearly displays it for the consumer to consider.

The three five-star rating categories are a 35-mile-per-hour fron-
tal crash test, an offside—offset side-impact test, and a rollover re-
sistance test. I believe that as part of NHTSA’s comprehensive plan
to address rollover safety, they should create a five-star rating sys-
tem for roof strength that should appear on all car stickers. Auto-
mobile consumers need to know that there are significant dif-
ferences in vehicle roof strengths among cars and trucks in the
same class. For example, the Volvo XC90, that has the strongest
roof in the midsized sport utility class, with a 4.6 strength-to-
weight ratio—that is twice the roof strength of the Jeep Grand
Cherokee, which has a vehicle roof strength-to-weight ratio of 2.3.

The final point I would make is, Congress should challenge
NHTSA to produce results through reduced deaths and serious in-
juries. It’s not just enough to offer a new standard. It is to have
metrics on the standards, and that the standard make a difference
in American lives.

A performance goal for the comprehensive rollover plan is never
mentioned by NHTSA. As part of Congress’s oversight of NHTSA,
we should be setting performance measures that translate into
regl-world results, like a reduction in deaths caused by rollover ac-
cidents.

After the creation of NHTSA in the late 1960s, the number of
automobile deaths began to decrease. From 1975 to 1992, the num-
ber of vehicle occupant deaths per 100,000 people declined by 23
percent. Since 1992, the number of occupant deaths per 100,000
people has only decreased by 1.5 percent. Congress should be ask-
ing NHTSA to get the decline of fatalities back at a similar rate
that was achieved in the 1970s and 1980s.

With one-third of all vehicle deaths occurring in rollover acci-
dents, if NHTSA’s comprehensive plan to address the rollovers is
at all successful, we should be able to see a substantial decrease
in rollover deaths. The metric is important; the rule isn’t. What the
rule accomplishes should be our goal.

In 2008, as I said, we’ll spend $830 million of taxpayer money
at NHTSA. That’s a substantial investment that should be tied to
results in terms of reduction in accidents and accidental deaths.
Specifically in regards to vehicle roof strength, if NHTSA cannot
conduct a transparent and effective rulemaking process, I believe
Congress should consider legislation that will set an adequate roof-
strength standard without going through an ineffective rulemaking
process.

Thank you very much for your time. I don’t—doubt that you have
any questions for me.

This isn’t—this is something we can fix, and we fix, at small cost.
Small relative cost, we can make a major difference in individuals’
lives, and we can give great information to the consumers about
what they're buying.

Thank you, Mr. Chairman.

[The prepared statement of Senator Coburn follows:]
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PREPARED STATEMENT OF HON. ToM COBURN, M.D.,
U.S. SENATOR FROM OKLAHOMA

I would like to thank Senator Pryor and your staff for holding this timely over-
sight hearing. Unlike the many other people on this panel I am not an expert on
automobile manufacturing or safety, but like everyone here I am very interested in
seeing a reduction in rollover accident fatalities. A few months ago I met with one
of my constituents from Oklahoma, Kevin Moody, who has been a tireless advocate
for calling for an increased vehicle roof strength standard. In 2003, Kevin’s son
Tyler was killed when the SUV he was driving rolled over causing the vehicle’s roof
to crush down on him. Unfortunately Kevin couldn’t be here today to testify, but
I hope 11:ha1: my testimony and this hearing will honor his efforts and the life of his
son Tyler.

There are many different factors that lead to vehicle occupant fatalities and seri-
ous injuries in rollover accidents, but today we are here to discuss the vehicle roof
strength safety standard known as FMVSS 216. In 2005, Congress passed the
SAFETEA-LU surface transportation reauthorization bill which included language
requiring the National Highway Traffic Safety Administration (NHTSA) to update
FMVSS 216 by July 1, 2008. The update to FMVSS 216 will be the first substantial
change to this vehicle safety standard since its inception in 1973. Since the early
1970s, advancing technology has created many vehicle safety improvements, such as
anti-lock brakes, air bags, and electronic stability control. Technology has also re-
sulted in better materials and design engineering that can be used to produce
stronger vehicle roofs. While many automobile manufactures have used these tech-
nologies to increase the roof strength of their vehicles well above the Federal stand-
ard, there are many vehicles that have roofs that will easily crush in the event of
a rollover. Congress initiated the rulemaking process through SAFETEA-LU be-
cause NHTSA was still using the same test and performance criteria that they used
when the roof strength standard was originally introduced in 1973. It is hard to find
anyone in the private or public sector that is doing things today the same way they
did things in the early 1970s. Although the NHTSA’s notice of proposed rulemaking
has acknowledged new testing methods and the improved roof strength in today’s
technology embodied vechicles, it does not appear that NHTSA is ready to make the
leap from 20th century to the 21st century.

I also want to touch on the public health problem that is caused by vehicle roll-
overs. Ten thousand people are killed each year in rollover crashes, which is one-
third of all automobile accident fatalities.! Automobile accidents are the number one
killer of people age one to thirty-four. In addition to the losses of life, twenty-four
thousand people a year are seriously injured in rollovers leading to millions of dol-
lars of healthcare expenses and reduced quality of life. Spinal chord injuries are
very common in rollover crashes as the occupant’s head makes contact with the roof
or the ground. Of the twelve thousand spinal chord injuries that occur each year,
over five thousand occur in automobile accidents.2 Although exact numbers are not
kept, the number of spinal chord injures that result from rollover accidents can be
conservatively estimated to be twenty-six hundred a year. As a physician, I see hav-
ing vehicles with stronger roofs as an effective healthcare prevention measure to re-
duce the number of quadriplegic, paraplegic, and other serious injuries resulting
from roof crush.

I am not here today to offer a policy solution to address roof crush, but after
studying this issue I believe that the following three things will translate into safer
cars and a more informed public.

1. Greater transparency into the NHTSA rulemaking process. The notice of pro-
posed rulemaking introduced by the NHTSA in August of 2005 examines the cost
and benefits of increasing the roof strength-to-weight ratio requirement from 1.5 to
2.5. However, NHTSA did not provide information as to why the 2.5 strength-to-
weight ratio was chosen as opposed to a 3.0, 3.5, or 4.0 strength-to-weight ratio. In
January 2008, in a supplemental notice of proposed rulemaking, NHTSA does dis-
cuss these stronger strength-to-weight ratios, but they limit their analysis to the
cost and weight each standard would add to vehicles and largely ignore the safety
benefits. NHTSA also mentions that if every single rollover death resulting from
roof crush were prevented the total lives saved would be 476. However they provide
no evidence for how they came up with that figure, which most automobile safety
experts say is very difficult to quantify.

INHTSA, http:/ /www.safercar.gov /portal | site [ safercar | menuitem.13dd5c887c7e1358fefe0a2f
35a67789 / 2vgnextoid=6539e66aeee35110VgnVCM1000002fd17898RCRD.

2National Spinal Cord Injury Database, http://www.spinalcord.uab.cdu/show.asp?durki=
116979.
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Another provision lacking proper rationale in the proposed rule is one that would
give the new roof strength standard preemption from any common law or tort law.
Twenty-six state Attorneys General wrote to NHTSA expressing that this would be
a major set back to vehicle safety, yet NHTSA has not offered any explanation for
why the rights of a vehicle purchaser to seek a common law remedy for harm done
to them should be taken away.

When the final rule is released, NHTSA needs to provide the public with trans-
parency into why they believe these regulations are to be adopted. With a budget
over $830 million there is no excuse for NHTSA to not provide clear and precise
evidence for how vehicle safety standards were decided.

2. Increase efforts to inform consumers about the safety of vehicles in rollovers. In
my almost 10 years of experience as a Member of Congress, I have found that the
best way to connect the government to people is through an open and transparent
government. In 2006 I co-authored the Federal Funding Accountability and Trans-
parency Act with Senator Obama, which lead to the creation of usaspending.gov, a
website that enables the public to find out information on all government expendi-
tures, including contracts, grants, and loans. When taxpayers have better knowledge
about how their tax dollars are being spent they are better able to hold their elected
officials accountable. I believe the same holds true with the Federal Government’s
automobile safety testing and safety data.

The 2005 highway bill contained a provision known as “stars on cars” that re-
quires all new cars to post NHTSA’s five-star safety rating system results on car
stickers. This was a great policy for Congress to adopt because it takes critical safe-
ty information that might not be accessible to consumers, especially those without
Internet access, and clearly displays it for the consumer to consider. The three five
star rating categories are a 35-mph frontal crash test, an offset side-impact test, and
a rollover resistance test. I believe that as a part of NHTSA’s compressive plan to
address rollover safety, they should create a five star rating system for roof strength
that would also appear on car stickers. Automobile consumers need to know that
there are significant differences in vehicle roof strengths among cars and trucks in
the same class. For example, the Volvo XC90 has the strongest roof in the mid-sized
sport utility class with a 4.6 strength-to-weight ratio. That is twice the roof strength
of the Jeep Grand Cherokee, which has a vehicle roof strength-to-weight ratio of 2.3.

3. Finally, Congress should challenge the NHTSA to produce results through re-
duced deaths and serious injuries caused by rollovers. In their notice of proposed
rulemaking, NHTSA states that roof crush is only one factor in rollover fatalities
and that their comprehensive plan to address rollovers looks at all the factors in-
volved. However, a performance goal for the comprehensive rollover plan is never
mentioned. As part of Congress’ oversight of NHTSA we should be setting perform-
ance measures that translate into real world results, like a reduction in the deaths
caused by rollover accidents. After the creation of NHTSA in the late 1960s, the
number of automobile deaths began to decrease. From 1975 to 1992 the number of
vehicle occupant deaths per 100,000 people declined by 23 percent. Since 1992 the
number of vehicle occupant deaths per 100,000 people has only decreases by 1.5 per-
cent.3 Congress should be asking NHTSA’s to get the decline of fatalities back at
a similar rate that was achieved in the 1970s and 1980s. With one-third of all vehi-
cle deaths occurring in rollovers accidents, if NTHSA’s comprehensive plan to ad-
dress the rollovers is at all successful, we should see a substantial decrease in roll-
over deaths. In 2008 we will spend $830 million of taxpayer money to fund oper-
ations, research, and grants within NHTSA. That substantial investment should be
tied to results in terms of a reduction in accidents and accident deaths. Specifically,
in regards to vehicle roof strength, if NHTSA can not conduct a transparent and
effective rulemaking process, I believe Congress should consider legislation that will
set an adequate roof strength standard without going through an ineffective rule-
making process.

Thank you very much for your time and I again thank the Chairman for holding
this important oversight hearing.

Senator PRYOR. Thank you. I do have one follow-up, if I may, and
that is, you mentioned, early in your testimony, that we have this
deadline of July 1 of this year. You think it’s more important that
we get it done right than get it done fast. And that’s my sense, as
well. I'd love to get it done by the end of this month, but if we
can’t, it’s more important to get it done right. What is your sense—

3 Department of Transportation, Attp:/ /www-fars.nhtsa.dot.gov | Main [ index.aspx.
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I mean, I can’t really speak for the Senate, I know you can’t ei-
ther—what’s your sense of Senators—I think most Senators would
agree that it’s more important to get it done right and not rush
through this and come out with a bad result. Is that what you're
hearing?

Senator COBURN. I would agree with that, but I'd—also say is,
if we have a little increase in roof strength that doesn’t result in
a major decrease in fatalities and injuries, we’ve done nothing. And
so, the roof strength-to-weight ratio is important. And you didn’t
see any explanation for that in why NHTSA chose the standards
that they chose. And, again, the metrics, the measurement of the
success of the rulemaking, will be the marked decrease in the num-
ber of fatalities and injuries.

And so, the question has to be, is, at what cost—I know there
is a cost. The higher up we go, the more it costs. There has to be
a point at which we see major benefit with a minimal amount of
cost, and that ought to be part of the transparency of the NHTSA
rulemaking process. And why we don’t see a 4.5 or a 3.5 and the
expected benefits from that is beyond me. With the kind of budget
that they have, they have plenty of resources to get this right. And
so, I think getting it right is much more important than getting it
done by July 1, 2008.

Senator PRYOR. Right. Well, thank you for your interest in this,
and thanks for your leadership on this. And when NHTSA comes
up here to testify in a few minutes, we’ll ask them some of——

Senator COBURN. Well, —let me thank Mr. Moody. Being in the
Senate and listening to constituents, I was unaware of this issue.
And I'm not a big-government person, I don’t want us involved, and
most people—but, this is something we can fix, this is something
we can make a difference on, and I look forward to your leadership
on it, and I thank you.

Senator PRYOR.—thank you. Thank you for your help, and
thanks for all that you're doing.

Well, we are now going to introduce all the witnesses, so I'd ask
you all to come up, and—TI’ll call your name. While you all get situ-
ated, however she says to get situated. So, how does that sound?

[Laughter.]

Senator PRYOR. Oh, I'm sorry. I'm sorry, I misread my note here.
We're going to have NHTSA first, in the first panel.

Mr. James Ports who is the Deputy Administrator, National
Highway Traffic Safety Administration. Great, come on up and
take your seat—and what I would ask everyone to do is, if we could
please keep our opening statements to 5 minutes—I don’t like to
gavel people down, but we have a lengthy third panel, and we’ll
have good questions of both panels, and we think we’re going to
have other Senators come here. Several have said they would be
here, but there are a lot of Committees and other things going on
today. So, hopefully we’ll have others here and we’ll ask questions.

The last thing I'd say on that is, don’t feel like, in your opening
statement, you have to cover every single thing because we’re going
to leave the record open, and you can always submit your written
statement, and it’ll be part of the record.

So, Mr. Ports, go ahead.
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STATEMENT OF JAMES F. PORTS, JR., DEPUTY
ADMINISTRATOR, NATIONAL HIGHWAY TRAFFIC SAFETY
ADMINISTRATION, DOT; ACCOMPANIED BY
STEPHEN R. KRATZKE, ASSOCIATE ADMINISTRATOR
FOR RULEMAKING, NHTSA, DOT

Mr. Porrts. Thank you, Mr. Chairman. Let me first introduce, to
my left, Mr. Steve Kratzke. He is the Associate Administrator for
Rulemaking.

Mr. Chairman, members of the Committee, thank you for the op-
portunity to appear before you to discuss this important issue of
rollover protection, and particularly roof-crush safety.

Every death and serious injury that occurs on our Nation’s high-
ways is a tragedy. As you know, rollover crashes account for about
one-third of the nearly 30,000 light-vehicle occupant fatalities that
occur each year. I share the same feelings of concern and empathy
as you do for the individuals and families who have been tragically
affected by these dreadful crashes, and I extend my deepest condo-
lences to them.

The agency developed and is implementing a comprehensive plan
to address rollover crashes. Our three-pronged strategy begins with
preventing the rollover from ever happening. NHTSA has man-
dated that all passenger vehicles be equipped with electronic sta-
bility control by 2012, and has added a rollover rating to the agen-
cy’s five-star vehicle safety ratings.

We also know that we cannot prevent each and every rollover,
so we also do our best to keep occupants in the vehicle during the
crash. Safety belts are the most effective crashworthiness counter-
measure, reducing ejected rollover fatalities, reducing the prob-
ability of ejection by 91 percent in fatal crashes. NHTSA also has
strength requirements for door latches and a forthcoming
SAFETEA-LU proposal for ejection mitigation.

Finally, in addition to rollover crash prevention and ejection miti-
gation, we strive to better protect the occupants kept inside the ve-
hicle during a rollover through enhanced roof-crush resistance.

As you mentioned, in 1973 the United States became the first
country to adopt a roof-strength requirement. Since that time, Can-
ada and Saudi Arabia have also adopted a similar requirement. No
other government anywhere in the world has any requirement for
roof strength.

Each of these initiatives must work together to address the var-
ious aspects of the rollover problem. We are in the final stages of
completing our August 2005 Notice of Proposed Rulemaking to up-
grade roof-crush requirements of light passenger vehicles. Among
the major provisions, the NPRM proposed to extend application of
the standard to heavier vehicles, increase the roof strength require-
ments so that the vehicle would sustain a load equal to 2.5 times
the unloaded weight, and require a new headroom criterion.

In response to extensive public interest to the NPRM, a Supple-
mental Notice of Proposed Rulemaking was published, this past
January. The SNPRM modified our original proposal to include for
consideration a two-sided test requirement, as well as solicited
comments to allow the agency the potential to go beyond the 2.5
strength-to-weight ratio. We also requested comments on our ex-
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tensive testing that the agency conducted of current production ve-
hicles.

Because we're still in the rulemaking on this standard, we may
not be able to discuss specific decisions related to the estimates of
lives saved, the stringency of the requirements, or other issues re-
lated to the final rule.

Mr. Chairman, thank you for your consideration and this sub-
committee’s ongoing efforts to improve highway safety. I would be
pleased to answer any questions.

[The prepared statement of Mr. Ports follows:]

PREPARED STATEMENT OF JAMES F. PORTS, JR., DEPUTY ADMINISTRATOR,
NATIONAL HIGHWAY TRAFFIC SAFETY ADMINISTRATION, DOT

Mr. Chairman, I am Jim Ports, Deputy Administrator of the National Highway
Traffic Safety Administration (NHTSA). I appreciate the opportunity to appear be-
fore the subcommittee to discuss the important issue of rollover protection, and par-
ticularly roof crush safety.

Every death and serious injury that occurs on our Nation’s highways is a tragedy.
Rollover crashes account for about one-third of the nearly 30,000 light vehicle occu-
pant fatalities that occur each year. I share the same feelings of concern and empa-
thy as you for the individuals and families who have been tragically affected by
these dreadful crashes, and extend my deepest condolences to them.

I am proud to say that NHTSA has taken significant steps to reduce the deaths
and serious injuries that occur due to rollover crashes. Rollover crashes are complex
and chaotic events. They can range from a single quarter turn to eight or more
quarter turns, with the duration of the rollover crash lasting from one to several
seconds. The wide range of rollover conditions occurs because these crashes largely
occur off road where the vehicle motion is highly influenced by roadside conditions.
Also, rollover crashes tend to occur at higher speeds than other crash types due to
the energy required to initiate them.

The agency developed a comprehensive plan to address these crashes and has
made great strides to implement these strategies. It is important to realize that
each initiative in NHTSA’s comprehensive program addresses a different aspect of
the rollover problem. Our strategy is to first reduce the occurrence of rollover crash-
es; second, keep occupants inside the vehicle when rollovers do occur; and finally,
to better protect the occupants kept inside the vehicle during the rollover. Each of
these three initiatives must work together to address the various aspects of the roll-
over problem.

The most effective way to reduce deaths and injuries in rollover crashes is to pre-
vent the rollover crash from occurring. Two agency efforts have been taken to re-
duce the occurrence of rollover crashes—mandating that all passenger vehicles be
equipped with Electronic Stability Control and incorporating a rollover rating into
the agency’s 5-star vehicle safety ratings (known as the New Car Assessment Pro-
gram).

In April 2007, NHTSA published a final rule establishing requirements for Elec-
tronic Stability Control, or ESC, in passenger cars, multipurpose passenger vehicles,
trucks, and buses weighing less than 10,000 pounds. ESC systems use automatic
computer-controlled braking of individual wheels to assist the driver in maintaining
control in critical driving situations. ESC is the most significant safety advancement
since the introduction of seat belts. The agency estimates that this technology will
save up to 9,600 lives in all types of crashes annually once all light vehicles on the
road are equipped with ESC. These safety benefits will occur in all types of crashes
where the driver would lose control of the vehicle and the vehicle would crash off
the road or into another vehicle. However, the lion’s share of these benefits will be
in rollover crashes, where it is estimated that ESC systems will reduce about one-
half (4,200 to 5,500) of the approximately 10,000 deaths each year resulting from
rollover crashes.

NHTSA incorporated a rollover static stability factor into its New Car Assessment
Program (NCAP) in 2001. This consumer information program uses market forces
to encourage manufacturers to make safety improvements not the least of which has
been the voluntary adoption of ESC systems in many vehicles, including sport util-
ity vehicles. In the 7 years since incorporation into NCAP, we estimate that the risk
of rollover in a single vehicle crash for an average sport utility vehicle has been re-
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duced by nearly 20 percent, and that an average pickup rollover risk has been re-
duced almost 10 percent.

When a rollover crash does occur, it is critical to keep the occupant inside the ve-
hicle. The fatality rate for an ejected vehicle occupant is three times as great as that
for an occupant who remains inside the vehicle. Our crash data show that about
one-half of the people killed in vehicles that rolled over were completely ejected, and
another 10 percent of those killed were partially ejected. So mitigating ejections of-
fers potential for significant safety gains. Safety belts are the most effective crash-
worthiness countermeasure in reducing ejected rollover fatalities. In fact, seat belts
reduce the probability of ejection by 91 percent in fatal crashes in passenger cars
and light trucks. In addition to our successful efforts to increase seat belt use,
NHTSA also has strength requirements for door latches and a forthcoming
SAFETEA-LU proposal for ejection mitigation.

Finally, in addition to rollover crash prevention and ejection mitigation, we strive
to better protect the occupants kept inside the vehicle during the rollover through
enhanced roof crush resistance. In 1973, the United States became the first country
to adopt a roof strength requirement. Since that time, Canada and Saudi Arabia
have also adopted a similar requirement. No other government anywhere in the
world has any requirement for roof strength.

Each initiative in NHTSA’s comprehensive program to address the different as-
pects of the rollover problem is important because each initiative has a different tar-
get population for which that initiative will be effective. Each of these three initia-
tives must work together to address the various aspects of the rollover problem.
However, it is important to understand which portion of the rollover problem can
be addressed by each of these three initiatives so that there is a clear and correct
understanding of the safety benefits potentially associated with each of the different
types of actions to reduce rollover deaths and injuries.

In August 2005, NHTSA published a Notice of Proposed Rulemaking (NPRM) to
upgrade the roof crush requirements of light passenger vehicles. Among the major
provisions, the NPRM proposed to extend application of the standard to heavier ve-
hicles, increase the roof strength requirements so that a vehicle would sustain a
load equal to 2.5 times its unloaded weight, and require a new headroom criterion.
The agency has received a large number of comments from industry, public interest
groups, and other parties addressing significant issues related to this proposed rule.

In response to extensive public interest and safety advocate comments on the
NPRM, a Supplemental Notice of Proposed Rulemaking (SNPRM) was published on
January 30, 2008. The SNPRM modified our original proposal to include consider-
ation of a two-sided test requirement, as well as soliciting comments to allow the
agency the potential to go beyond a 2.5 Strength-to-Weight Ratio (SWR). Subse-
quent to issuance of the NPRM, the agency conducted extensive testing of current
production vehicles to, among other things, determine the effects of two-sided test-
ing and to assess the roof strengths of vehicles currently on the market. These test
results were released in the SNPRM.

Since issuance of the NPRM in 2005, NHTSA has collected and analyzed addi-
tional crash data, tested the strength of vehicle roofs in the vehicle fleet, completed
cost and lead-time studies, and completed other analyses important for the final
rule development. The agency is in the final stages of its work to issue the final
rule. Because we are still in rulemaking on this Standard, we are not able to discuss
specific decisions related to estimates of lives saved, stringency of the requirements,
or other issues related to the final rule.

Mr. Chairman, thank you for your consideration and this subcommittee’s ongoing
efforts to improve highway safety. I would be pleased to answer any questions.

Senator PRYOR. Great.

Let me open, if I may, with some questions. First, let me follow
up on what Senator Coburn asked, a few moments ago. You know,
basically, he said that there is not enough transparency in your
process, and one of the things that is hard for John Q. Public and
Members of the U.S. Senate to understand is all the criteria that
you use. One of the things he asked about was, when you laid out
some of what you're trying to accomplish here, you talked about a
goal of trying to keep the costs down, et cetera, but I assume that
your ultimate goal is safety. Is that fair to say?

Mr. PORTS. Yes, sir, and thank you for that question. NHTSA’s
mission is all about safety, it’s about reducing fatalities and inju-
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ries on our Nation’s highways. So, it is a top priority of this agency.
Before we began the NPRM process in 2001, we solicited comments
from the public because we wanted to gain their insight on some
of the issues that were out there and the potential things that we
should look at. From that public comment period, we began the
NPRM process and issued that proposal in 2005. After receiving
public comment again on that NPRM, we decided that we should
do more testing and analyze more data. It was through that test-
ing—there is—well, actually, it was through these public com-
ments—the public comments that we received from all the stake-
holders, the extra testing that we did, that we thought it was pru-
dent to publish an SNPRM, the supplemental notice, in January of
this year. We are now in the process of reviewing all the public
comments from that process, from the supplemental budget—I
mean, supplemental proposal, and analyzing that data, and we will
include all of those comments in our final rule.

Senator PRYOR. I do agree with what Senator Coburn said a few
moments ago—that if new rules don’t make a major difference, in
terms of safety and preventing fatalities and injuries—then we
really haven’t accomplished much. And I do agree with that. And
I would hate for this agency to go through this exercise and then,
in the end, not really change the outcome out there on the streets
and highways of this country.

I have another concern. He mentioned the preemption issue, and
he said that he did not think it would be prudent for NHTSA to
somehow foreclose the car owner’s rights with your rulemaking.
Could you give us a status report on that?

Mr. PorTs. Yes, Senator, thank you for that question. I know
that preemption is a very important topic.

NHTSA has a comprehensive approach to rollover, and saving
lives and reducing injuries in a rollover crash. And through this
process, a concern was raised that increasing the roof resistance
too much could potentially increase a vehicle’s rollover propensity
if we added weight to the roof structure. Other things being equal,
raising the roof’s center of gravity could upset the balance between
the efforts of increasing the roof strength and the rollover propen-
sity, defeating the purpose of this rule.

It was in light of that concern that we simply asked the question.
And the reason that we asked that question was because we want-
ed public input from all the stakeholders. I think it’s important
that we, as an agency, be transparent in this process and put the
information out there so that the public does have an opportunity
to comment. We’ve done that, we’ve received numerous comments
from all the stakeholders, raising both factual and legal issues, and
we’re continuing to analyze those comments, and we are also doing
extra testing based on that information.

All of those additional—and let me backtrack just a hair. We will
carefully consider all of those comments before we make a final de-
cision on this proposal, but all that information will be put in our
final rule.

Senator PRYOR. I'm going to turn this over to my colleague, Sen-
ator McCaskill, here in just a moment, but let me go ahead and
add my comments to your stack. I think it would be a mistake to
do the preemption. I think that if NHTSA chooses that path, my
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guess is there would be a serious effort in the House and the Sen-
ate to try to change that. And I think you’d save everybody a lot
of headaches and create less uncertainty by just not pursuing a
preemption on this matter. I mean, you heard Senator Coburn, and
I think you’d get that on both sides of the aisle.

Senator McCaskill?

STATEMENT OF HON. CLAIRE McCASKILL,
U.S. SENATOR FROM MISSOURI

Senator MCCASKILL. Thank you, Mr. Chairman.

I want to talk a little bit—you just mentioned “upset the bal-
ance,” and I want to talk with you about preemption.

I'm having a hard time figuring out what preemption has to do
with a standard rule for safety. The last time we had a rule was
30-some years ago, correct?

Mr. PORTS. Are you talking about the roof-crush rule?

Senator MCCASKILL. The safety standard, wasn’t it 30-some
years ago?

Mr. PoRrTS. In 1973, yes, ma’am.

Senator MCCASKILL. So, what you’re basically saying, by pro-
posing preemption, is, “You need to wait around for 30 years, and
not have any redress in any court—any state court in America,
until we get around to it again.” I mean, don’t you see the value
at NHTSA of the innovation that has occurred as a result of people
accessing the courts in this country? I mean, Ford has done a great
job with some of the technology; they’re building, now, SUVs in
Kansas City with some patented technology that’s going to make
a difference, and that came about, in part, because they were
spurred to action by the legitimate claims in the courts across this
country about their safety standards. I mean, does that not worry
you, that we’re not nimble enough to update the rules, except every
30 years, and that we’re going to tell every state in the Nation that
their laws, as it relates to rights of people to go to court, are going
to be crushed?

Mr. Ports. Thank you, Senator, I appreciate the follow-up to
that question on preemption.

The reason that we talked about upsetting the balance is because
the concern was raised that if we increase the standard, that man-
ufacturers may simply raise weight to the roof and raise the center
of gravity, which would increase the vehicle’s propensity to roll
over. Part of our strategy, as I mentioned in my, opening state-
ment, was that we have a comprehensive plan to first prevent the
rollover, and we were not sure if this roof-crush rule would upset
that balance or not, so what we did was, we asked the question of
all the stakeholders, would this upset the balance? And what we’re
doing in this process is, we are receiving numerous comments from
the stakeholders.

Senator MCCASKILL. But, what does that have to do with—I
mean, whether or not they’re going to add more weight to the roof,
what does that have to do with wiping out everyone in America’s
rights to use their state courts? What’s that got to do—I don’t un-
derstand the relationship there. What is the direct relationship be-
tween the balance, in terms of the weight of the roof, and the bal-
ance, in terms of every American’s right to go to their courthouse
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in their state and have people from their community decide wheth-
er or not somebody has messed up or not?

Mr. PorTs. Thank you——

Senator McCASKILL. That’s what I don’t understand. I mean—
and when did NHTSA start including preemption language in all
of their rules? When did this come about? This is a relatively new
thing, isn’t it?

Mr. PORTS.—thank you, Senator.

My understanding of the preemption language is that we in-
cluded it as part of the public discussion. At this time, we have not
made any decisions on whether it will be included in our final rule
or not. I would also state, however, that if it’s a manufacturing de-
fect, tort suits are not preempted, even with this language. So, your
constituents may still have that right to sue in a case where a de-
fect—a manufacturing defect is alleged.

So, we are going to, as I mentioned, analyze all those com-
ments

Senator MCCASKILL. Right.

Mr. PorTS.—and then, and only then, will we make a decision
to move forward on preemption, or not. And that, again, will be in
our final rule.

Senator MCCASKILL. Let me see if I can cut to the chase here.
I reviewed your proposed rules on everything from child restraint
to locking mechanisms; and unfortunately, the evil boilerplate pre-
emption language appears in every single one of them. Where did
this come from? Why, all of a sudden, does NHTSA feel compelled
to crush the rights of states? I mean, the irony is, this administra-
tion is supposed to be all about a small Federal Government and
the rights of states. When and how did NHTSA make the decision
to start including boilerplate preemption language in every rule
you're proposing?

Mr. PorTs. I appreciate that follow-up. That helps me.

The preemption language that you're talking about, the
boilerplate language, is simply, if an issue of preemption should
come up—or, if a balance is tipped, then preemption may be war-
ranted. However, my understanding of the way these final rules
are laid out, the preemption language is not included. So, it is lit-
erally up to a court to decide if that balance has been disrupted.

Senator MCCASKILL. If we’re not going to include them, then you
could relieve a lot of heartburn by not putting them in the proposed
rules. But, we have to assume, if, all of a sudden, preemption lan-
guage is popping up like spring flowers, that there is a plot some-
where in this administration to see if they can’t wipe out the rights
of Americans across this country to access their local courts. And
there are people in this Congress that are pretty upset about it,
and we're going to work hard to make sure this administration
doesn’t get away with it.

Thank you very much, Mr. Chairman.

Senator PRYOR. Thank you.

Let me follow up on that, if I may, and that is—you said that
if your rule, or maybe if the language in the preamble is codified
into a rule, that there could still be tort liability for manufacturing
defects. Is that right?

Mr. PorTS. I'm sorry, 'm—I want to——
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Senator PRYOR. You said that

Mr. PORTS.—make sure I heard that question

Senator PRYOR.—there could still be tort liability for manufac-
turing defects. Is that what you said?

Mr. PoORTS. Yes, sir, Senator. My understanding, from what the
NHTSA lawyers have told me, is that if there is a manufacturing
defect alleged, that state tort lawsuits are not preempted

Senator PRYOR. OK.

Mr. POorTS.—by this language.

Senator PRYOR. Well—but, what—I guess what you’d be pre-
empting, then, is design defects. That’s what you’re going after
here, is design defects. And those are two different things, because
a manufacturing defect is where, during the manufacturing proc-
ess, something wasn’t put together correctly, or there was a faulty
material, or something in there that caused it to fail. Design defect
is different, that’s when the actual design of the vehicle is flawed,
or the design of the tire or the design of the seatbelt, whatever it
may be, is flawed.

And, I'll tell you this, again—I just want to give NHTSA warning
on this—I think that if you all pursue this preemption effort, I
think you’ll have bipartisan opposition in the Senate. You heard
Dr. Coburn, who’s not a big lawsuit guy, you know. You heard his
reaction to this, and there will be others like that, as well. And I
would strongly encourage NHTSA to back off of that because I
think that’s a big mistake.

First, I don’t think the American public is there. I don’t think it’s
in the public interest to do that. But, second, I think you all are
overstepping your bounds, as the executive versus the legislative,
and I think that’s a problem. But, third, I think that what you’ll
see is a reaction from the Congress that you won’t like, and I think
it’s easier—again, I said it earlier—just to avoid the headache and
not get into that preemption issue. I think it’s a big mistake here.

Let me ask you another couple of questions. I know my time is
short here, and I don’t know if Senator McCaskill has any other
follow-ups, but let me just ask a couple of questions.

One of the concerns that I have, and I think others do as well,
is that right now the test is on one part of the vehicle, and I under-
stand that NHTSA is contemplating having a test that would actu-
ally cover two sides of the roof. Can you give us a status report on
that? Can you comment on that?

Mr. PorTS. Thank you, Senator. I appreciate that.

As you mentioned, the test that we have right now is a quasi-
static test which can test both sides of the vehicle, the driver side
and/or the passenger side of the vehicle. So, it protects both sides,
because the manufacturer does not know which side we would test.
And then, through the—through all the comments in the NPRM
that we received, we did additional testing, and in the supple-
mental notice, we asked for comment on two-sided tests, as you
just mentioned.

Senator PRYOR. And so, you're just at the comment stage on that
and you’re not sure what NHTSA’s going to do yet. NHTSA has not
made a decision on a one-sided test or a two-sided test.

Mr. PORTS. Senator, that is correct, we have not made decisions.
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Senator PRYOR. Now, I know that Congress mandated, and it at
least encouraged NHTSA, to consider dynamic tests that realisti-
cally duplicate the actual forces transmitted during a rollover
crash. Is that on the table for consideration?

Mr. PORTS. Senator, thank you very much. Appreciate that.

Yes, NHTSA has done considerable whole-vehicle dynamic test-
ing for the past 20 years. Some of the testing that we’ve considered
is the 208 dolly test, the SAE inverted drop test, and the JRS, or
the Jordan Rollover System. NHTSA’s assessment of those dynamic
tests continues, and we will be including that in the final rule.

Senator PRYOR. OK. So, you're not saying the final rule will in-
clude a dynamic test but at least you’re going to discuss it in the
final rule?

Mr. PorTS. Yes, Senator. What Congress has asked us to do is
to look at it and assess it, and we have done that. We've done a
very comprehensive test. We sent some of our three—three of our
top technical experts to meet with JRS, for example, and through
that process we’ve learned a lot, and all of that information will be
included in the final rule.

Senator PRYOR. OK. Do you anticipate that NHTSA will come out
with separate rules for cars and trucks, or do you think you’ll have
one rule?

Mr. PORTS. Senator, we're striving for one rule and one standard.

Senator PRYOR. And on these tests that you’re doing and this
rulemaking you’re going through right now has NHTSA decided to
just use the 50th-percentile male dummy for all the tests? Is that
what you’re using for the tests?

Mr. PorTs. When we put out the supplemental notice, we
asked—or we disclosed that we were talking about the 50-per-
centile dummy. There have been numerous comments to use the
95-percentile dummy. We are assessing those comments, and we
will absolutely have those comments in our final rule.

Senator PRYOR. OK. My, just, general question would be, does it
make sense, engineering sense and sense in the world of physics,
et cetera, to use different sized dummies during your test, or
should you just have one dummy size?

Mr. PORTS. Senator, let me refer that question to Steve Kratske,
our expert, our technical expert, and he may be able to shed some
light on that subject.

Mr. KRATSKE. Thank you, Mr. Chairman.

Typically, in our crashes for frontal crash or side crash we have
used different-sized dummies because we want to be certain that
it’s not just targeting a particular level. In a quasi-static test,
you're really trying to just get to vehicle performance. We don’t
have injury criteria now for the different sizes. So, in lieu of that,
what we’ve proposed is just touching the head, so it’s a measure
of the distance available in the vehicle.

Ser;ator PRYOR. Senator McCaskill, did you have any other ques-
tions?

Senator MCCASKILL. I just have one, on follow up.

I'm going to sound like a broken record here, but it’'s why I'm
here today and it’s what I really feel passionately about. And I do
want to get on the record your acknowledgment that on April 6th,
2007, NHTSA issued a final rule on Electronic Stability Control
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which includes the boilerplate preemptive language in the pre-
amble without any subject of notice or comment. And I want to
make sure that you acknowledge that that is, in fact, true as it re-
lates to the boilerplate language on preemption. The final rule was
issued that included the boilerplate on preemption without any op-
portunity for anyone to comment about the preemption.

Mr. PORTS. Senator, I appreciate that. I am not positive right
now, at this moment, whether that was included in the NPRM or
not. What I'd be happy to do is go back and ask that question and
share that information with you, your staff, and the rest of the
Committee. I'd be more than happy to get that information for you.

Senator MCCASKILL. If you can figure out where this is coming
from, what directive is this, who is saying that you’ve got to include
this preemption in every rule, when did this come down, and where
did it come from? Did it come from the White House? Who is re-
spor‘l)sible for this path that you have chosen at NHTSA on preemp-
tion?

I think we’re anxious to figure out why all of a sudden this be-
came an issue. It’s not in the rule—it’s in the preamble. What it’s
doing here is it is sending a shot across the bow to lawyers across
this country that, “You’re going to have to fight to be able to file
a lawsuit on behalf of people who are hurting, people who have
been dramatically injured,” because you all are including this in
there. It doesn’t provide certainty, it provides a stew, rich for litiga-
tion. And that’s not what we’re looking for here. We’re looking for
certainty, so we don’t have needless excessive litigation. Everybody
ought to be in that camp.

So, I would be anxious, if you could share with us some kind of
indication as to why this began and who’s responsible for it begin-
ning.

Mr. PORTS. Senator, I appreciate that. As I mentioned, I don’t
have that answer for you, at this moment, and we’d be glad to get
that for you.

But, as it relates to this rule, we put it in the NPRM, in the sup-
plemental notice, to make sure that everyone in the public had the
opportunity to discuss this matter. So, we didn’t simply wait until
the final rule to surprise anyone.

Our goal is to be transparent, and our goal at NHTSA, to save
lives and prevent injuries, is one that we take seriously. And so,
when we look at a rule, we look at each and every rule as a stand-
alone event, and that’s how we make our decisions in this agency.

Senator MCCASKILL. Well, I know your lawyer is here, and I do
know that comment does not generally come to the preamble, that
the preamble is not part of the rule that’s open to discussion and
that NHTSA didn’t say “Should we?” But instead it said “This is
it,” in the preamble, “we’re going to have preemption.” And so, I
will let you know, and I'm not trying to be mean to you, but I am
far from satisfied with the answers you've given. I think you obvi-
ously are not in a position to say. But, the way this thing is hap-
pening, it doesn’t look like this is all about getting the input of the
public. It looks like this is, frankly, being railroaded through in a
way in which people can’t comment—in a way that people can’t
have an impact, and proof of that is the fact that you issued a final
rule with it in there, in the preamble.
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So, if you would do whatever you can to address these questions
in the coming days, I can assure you that I am one of many in the
Senate who feels very strongly about this and we’re anxious to get
to the bottom of it.

Thank you, Mr. Chairman.

Senator PRYOR. With that, let me say that we are going to leave
the record open for 2 weeks, and I'd ask you to get your answers
back to Senator McCaskill—just get them back to the committee,
and we’ll share with the Senator as soon as you get them back.

And other Senators will have questions who are not here today,
and I have a few to follow up on, as well, so we would ask you to
try to get us timely responses and detailed responses within the
next 2 weeks.

I don’t have time to go into it, but one of the questions I am
going to ask you about in the written question’s is a status report
on Section 10303 of SAFETEA-LU, specifically the tire research
component—a question on tire aging. I know that’s a little bit off
the subject, but that’s an important question I think the Senate
Committee would like a status report on. So, we'll cover that then.

Thank you for being here, and now I'm going to call up the third
panel. Thank you.

All right, as we're changing places here, I'll go ahead and call out
the names of the panel. I'm not going to give a lengthy introduc-
tion, so—

First, we’'d like to hear from Dr. David Garcia. He’s an Inde-
pendent Contractor and Public Speaker. Next, we'd like to have
Mr. Stephen Oesch, Senior Vice President, Insurer and Govern-
ment Relations, Insurance Institute for Highway Safety. Next, we’ll
have Mr. Rob Strassburger, Vice President, Vehicle Safety and
Harmonization, Alliance of Automobile Manufacturers. Next, we’ll
have Ms. Joan Claybrook, President of Public Citizen. Next, we’ll
have Mr. Michael J. Stanton, President and CEO, Association of
International Automobile Manufacturers. And next, we will have
Ms. Jacqueline Gillan, Vice President, Advocates for Highway and
Auto Safety.

So, what I'd like to ask everyone to do is, if possible, keep your
opening statements to 5 minutes. Those first couple of panels took
a little bit longer than we anticipated, and we would appreciate it
if you all kept your comments to 5 minutes, and then I'm sure we’ll
have a lot of questions.

So, Dr. Garcia, are you ready? Why don’t we go ahead.

STATEMENT OF DR. DAVID A. GARCIA, INDEPENDENT
CONTRACTOR AND PUBLIC SPEAKER

Dr. GARrcIA. Thank you, Chairman, and thank you, Senator.

I think a lot has been said here this morning, and thank you for
your questions and being so direct on the right questions that need
to be asked. So, I think it’s going to shorten a lot of the things I
need to say, because you have asked the tough questions. So, I'm
going to focus more on what I have to say about the victims in this
country.

Today, I graciously received from you 5 minutes to defeat a vora-
cious—it’s this one, right here? I'm used to this already, this hap-
pens a lot of times.
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[Laughter.]

Dr. GARCIA. Hello? Can you hear me? OK.

Today, I graciously received from you 5 minutes to defeat a vora-
cious and insatiable giant that, in biblical proportions, continues to
devour our Nation’s sons and daughters, fathers and mothers, hus-
bands and wives, friends and foes alike, while many, in apathy,
simply choose to watch. That giant is none other than “roof-crush”
which is occurring on our Nation’s highways and back roads, and
more voraciously and insatiably than the biblical giant mercilessly
continues to run his course. I aim, today, with a God-given minute,
to defeat for the last time this ruthless giant.

Tyler Moody, Kevin Moody’s 18-year-old son, died in 2003 from
positional asphyxia, when, not even knowing what hit him, the roof
of the Ford Explorer he drove literally crushed the life out of him.
The statistics would never tell you that Tyler once saved a life.
Today, you can save more than 10,000 lives and 24 catastrophic in-
juries a year.

If Tyler’s death is not enough, think about Arizona Border Patrol
Agent David Webb, who, while responding to a routine narcotics
call, died from roof crush when the right rear tire of his Chevrolet
Tahoe blew out, causing his vehicle to overturn. Celia Webb is
Agent Webb’s widow, and her presence here today speaks for her
husband.

If David’s death is not enough, think about Christopher Cowan,
whose Chevy Silverado rolled over on a flat, grassy terrain, and the
roof completely collapsed to the belt line, also crushing the life out
of him.

If Christopher’s death is not enough, think about Kimberly
Schute, who broke her neck when her Jeep Grand Cherokee’s roof
buckled at its “weak link” and came crushing down on her head.
And think about what happened to Agent Luis Pena when the roof
of his Ford F-250 patrol vehicle crushed and dislocated his
vertebrae, injuring his spinal cord, thus rendering him a quad-
riplegic. Luis Pena has a wife, Jennifer, and two children. He and
his family also speak out with their presence here today.

If Kimberly and Luis’s inability to walk is not enough, think
about Loa Griesbach, a teenage ventilator-dependent quadriplegic
who will forever struggle for every breath that she needs, because
of the complete collapse of her Suburban’s roof.

If Loa’s inability to breathe is not enough, and in light of the fact
that the automobile industry takes the position that there is no
correlation between roof crush and head and spinal cord injuries,
think about the 14 Marines who were in their Ford E-350 Club
Wagon that overturned when the vehicle’s rear tire delaminated.
All of the Marines who died or sustained serious injuries were sit-
ting on the side where the roof crushed.

I am David Garcia, and I may not be a king or a war hero, but
one of the many hundreds of thousands of individuals that roof
crush has claimed. I was not driving an SUV, I was driving a Ford
Escort. It is only by God’s grace that I'm able to stand up today,
even if metaphorically speaking, for Tyler, David Webb, Chris-
topher, Kimberly, Luis, Loa, the marines, and all the victims who,
for one reason or another, cannot afford the privilege to speak for
themselves. The automobile industry should not go on doing busi-
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ness as usual, and we should demand that the facts surrounding
roof crush should not continue to be a proprietary secret.

How many times must a father lose a child? And how many fam-
ilies must be broken apart for it to become obvious that roof crush
kills and maims people for life?

Others will speak or submit the necessary supportive materials
that are of concern to us here. However, it is necessary to under-
score that the 26 state Attorneys General, maybe from your own
states, who are extremely versed in the rule of law, rightfully op-
pose the preemption clause that will strip away the rights of in-
jured victims while passing on the $34-billion-a-year bill to your
constituents. What NHTSA is proposing regarding preemption is
unjust, and if you consider the mandate, it is not legal. Yet, they
plan to do this, 30 days from now.

As if behind our backs, NHTSA continues to promote and legis-
late what I believe is an FMVSS 216 mirage. Thus, understanding
that it would take an act of Congress for NHTSA to do the right
thing on behalf of the American people, we propose a bill that will
mandate that NHTSA and the automobile industry will do the
right thing, and we have a summary of that bill behind us.

The reason why we need a new standard is not a secret. NHTSA
did not get it right, back in 1971. We are at another crossroad in
automobile roof safety, and we are about to make the same mistake
all over again. It is time that NHTSA and the automobile industry
join the global momentum that was making vehicles that not only
provide better gas mileage, but that truly are designed to protect
occupants in a rollover, and they should be prevented from legal-
izing a roof standard that has not, does not, and will not work.

Every day, people die physically and spiritually in rollover acci-
dents. I have a responsibility, before man and God. And even
though I know nothing about healing broken bones and spinal
cords, I do know a thing or two about healing broken spirits. De-
spite my condition, by the grace of God, I have been given much,
and you, too, have been greatly blessed. Therefore, if you believe
in what I believe in, then just as much is required of you as it is
required of me. It is the sole purpose of why I made the long jour-
ney here today.

Thank you.

[The prepared statement of Dr. David Garcia follows:]

PREPARED STATEMENT OF DR. DAVID A. GARCIA, INDEPENDENT CONTRACTOR
AND PUBLIC SPEAKER

Distinguished Members of the Committee:

Today, I graciously receive from you 5 minutes to defeat a voracious and insatia-
ble giant that, in biblical proportions, continues to devour our Nation’s sons and
daughters; fathers and mothers; husbands and wives; friends and foes alike,! while
many in apathy simply choose to watch. That giant is none other than roof crush,
which is occurring on our Nation’s highways and back roads, and more voraciously
and insatiably than the biblical giant, mercilessly continues to run its course. I aim
today with a God-given minute to defeat for the last time this “roofless” giant.

1An American Auto Safety Tragedy—ROOF CRUSH available at http:/ /www.peoplesafein
rollovers.org | An%20American%20Auto%20safety%20Tragedy.pdf.
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Tyler Moody, Kevin Moody’s 18-year-old son, died in 2003 from positional as-
phyxia,2 when, not even knowing what had hit him, the roof of the Ford Explorer
he drove literally crushed the life out of him. The statistics would never tell you
that Tyler once saved a life. Today you can save more than 10,000 lives and 24,000
catastrophic injuries a year.

If Tyler’s death is not enough, think about Arizona Border Patrol Agent, David
Webb, who, while responding to a routine narcotics call, died from roof crush when
the right rear tire of his Chevrolet Tahoe blew out, causing his vehicle to overturn.
gelig Webb is agent Webb’s widow, and her presence here today speaks for her hus-

and.

If David’s death is not enough, think about Christopher Cowan whose Chevy
Silverado rolled over on a flat, grassy terrain and the roof completely collapsed to
the beltline, also crushing the life out of him.

If Christopher’s death is not enough, think about Kimberly Schute who broke her
neck when her Jeep Grand Cherokee’s roof buckled at its “weak link” and came
crushing down on her head. And think about what happened to Agent Luis Pena,
when the roof of his Ford F-250 patrol vehicle crushed and dislocated his vertebrae,
injuring his spinal cord, thus rendering him a quadriplegic. Luis Pena has a wife,
Jennifer, and two children. He and his family also speak out with their presence
here today.

If Kimberly and Luis’s inability to walk is not enough, think about Loa Griesbach,
a teenage ventilator dependent quadriplegic, who will forever struggle for every
breath that she needs because of the complete collapse of her Suburban’s roof.

If Loa’s inability to breathe is not enough, and in light of the fact that the auto-
mobile industry takes the position that there is no correlation between roof crush
and head and spinal cord injuries,® think about the 14 Marines, who were in the
Ford E-350 Club Wagon that overturned when the vehicle’s rear tire delaminated.
All of the Marines who died or sustained serious injuries were sitting on the side
where the roof crushed.

I am David Garcia, and I may not be a king or a war hero, but one of the many
hundreds of thousands of individuals that roof crush has claimed. I was not driving
an SUV, I was driving a Ford Escort. It is only by God’s grace that I am able to
stand up today, even if metaphorically speaking, for Tyler, David Webb, Chris-
topher, Kimberly, Luis, Loa, the Marines and all the victims, who, for one reason
or another cannot afford the privilege to speak for themselves. The automobile in-
dustry should not go on doing business as usual, and we should demand that the
facts surrounding roof crush should not continue to be a proprietary secret. How
many times must a father lose a child, and how many families must be broken apart
for it to become obvious that roof crush kills and maims people for life?

Others will speak or submit the necessary supportive materials that are of con-
cern to us here. However, it is necessary to underscore that 26 State Attorney Gen-
erals, maybe from your own states who are extremely versed in the rule of law,
rightfully oppose the preemption clause 4 that would strip away the rights of injured
victims, while passing on the $34 billion a year bill to your constituents. What
NHTSA is proposing regarding preemption is unjust, and if you consider their man-
date, it is not legal. Yet, this will happen in less than 30 days unless you promptly
act.

As if behind our backs, NHTSA continues to promote and legislate, what I believe
is an FMVSS 216 mirage. Thus, understanding that it would take an act of Con-
gress for NHTSA to do the right thing on behalf of the American people, we are
proposing a bill that will mandate that NHTSA and the automobile industry:

1. Conduct two-sided sequential static roof crush tests as currently done, but
increase the applied force to at least 3.5 times the maximum unloaded vehicle
weight and prohibit any part of the roof or test device from contacting the
dummy.

2. Develop repeatable dynamic tests on rollovers and disseminate test results
to the public.

3. Establish a roof strength safety rating consumer information program and
make the strength-to-weight ratio (SWR) of all vehicles available to consumers.

4. Initiate a study to determine the advantages and disadvantages of retro-
fitting vehicles with the 10 percent lowest SWR. If there is a benefit, require

2Kevin, Veronica and Michelle Moody’s letter to Senators, engraved in marble, dated Sep-
tember 6, 2007.

3 Paula Lawlor’s letter to Senators dated June 4, 2008.

4Paula Lawlor’s submission to NHTSA Docket 2005-22143 dated November 21, 2005.
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manufacturers of these vehicles to develop retrofit kits and make these kits
available to the public.

The reason why we need a new standard is not a secret: NHTSA did not get it
right back in 1971.5 We are at another crossroad in automobile roof safety, and we
are about to make the same mistake all over again. It is time that NHTSA and the
automobile industry joined the global momentum toward making vehicles that not
only provide better gas mileage, but that truly are designed to protect occupants in
a rollover, and they should be prevented from legalizing a roof strength standard
that has not, does not, and will not work. The technology is not out of this world.
The 2006 Volkswagen Jetta, 5.1; the 2007 Scion TC, 4.6; the 2006 Volvo XC90, 4.6;
the 2006 Honda Civic, 4.5; and even the Ford 500, which has an SWR of 3.9 not
only exceed the 1.5 FMVSS 216 standard, but also exceeds the proposed 2.5 SWR.
To legally encourage a 2.5 SWR, is inconsistent with the momentum and innovation
that we are seeing, and would only encourage automobile manufacturers to lax
when it comes to vehicle safety. A request was formally made to the Office of Man-
agement and Budget® and to NHTSA, in 2005,7 to evaluate the cost/benefit at 3.5
SWR, but to this date it has not been done. This cost/benefit analysis is of utmost
impo(i"tance in realizing the actual lives saved and the value placed on each life
saved.

Every day people die physically and spiritually in rollover accidents. I have a re-
sponsibility before man and God, and even though I know nothing about healing
broken bones and spinal cords, I do know a thing or two about healing broken spir-
its. Despite my condition, by the grace of God I have been given much, and you too
have been greatly blessed. Therefore, if you believe in what I believe in, then just
as much is required of you as is required of me. It is the sole purpose of why I made
the long journey here today. Thank you.

DR. DAVID A. GARCIA,
Endicott, New York.

Attachments: Tyler Joseph Moody
David Webb

Christopher Cowan

Kimberly Schute

Luis Pena, Jr.

Loa Griesbach

14 Marines—Those Injured or Dead:

Major Trevor Kleineahlbrandt
Captain David W. Lucas
Staff Sergeant Frank E. Weathers
Sergeant Armando Avila
Sergeant Michael Vasquez

David Garcia

Improving the Safety of Vehicle Roofs

5Deadly By Design by Paula Lawlor and Todd Tracy.
6 Record of April 28, 2005 meeting with Office of Management and Budget.
7Paula Lawlor’s submission to NE'TSA Docket 2005-22143 dated November 21, 2005.
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ATTACHMENTS
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Transportation and the President and Vice President. Senator
(Dr) Tom Coburn showed concern for his
constituent, researched the subject. per-
sonally met with Kevin and then contact-
ed Senator Mark Pryor, requesting he
hold a hearing on roof crush and that
Kevin be able to testify. Senator Pryor
agreed to Dr.Coburn's requests. Kevin,
who was originally inspired into action
by quadriplegic roof crush victim David
Garcla at the Emergency World Summit
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Christopher Lee Cowan

. 29 year old
Fatality belted driver

|
2003 Chevrolet Extended Cab
Silverado Pickup

Kimberly Schute
. - 35 year old
Quad”pleglc belt!d driver
ey ——f ==

1999 Jeep Grand Cherokee
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Luis Penaq, Jr.

. . 30 year old
Quadriplegic belted driver & Border Patrol Agent

ARIZONA TRAFFIC ACCIDENT REPORT
October 18,2007

CONCLUSION:

“What is certain is that the collapse of
the Ford Pickup's "Apillar was the direct
result of the seriousness of Agent Pena’s
hhead and neck injuries. Officer South
reported that the Agent was seat belted
In when he was extracted from the
pickup by Fire Fighters. The collapse of
the "A” pillar appears to be the main
cause of those injuries.”

i o FMVSS 216

2003 Ford F-250 XL

Loa Griesbach

Ventilator 18 year old
Quadriplegic belted driver

. oy

1999 Chevrolet Suburban
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Major Trevor Kleineahlbrandt Captain David W. Lucas
Staff Sergeant Frank E. Weathers Sergeant Armando Avila

Sergeant Michael Vasquez B serous oratal
; n;oofmeﬂ?cla:m r
the crus|

# Broken Back without paralysis

#= Broken Neck without paralysis

== Brain Damage

==~ f~ Fatal Brain Damage

=== #= Fatal Brain Damage

David Garcia

29 year old
Quadrlpleg_lc ~ belted driver

1989 Ford cort 2 Dooatchback
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IMPROVING THE SAFETY OF VEHICLE ROOFS

Whereas 10,000 people in the United States die in rollover crashes each year;

Whereas rollover crashes constitute 3 percent of passenger vehicle crashes, but
about one-third of the fatalities;

Whereas 24,000 people are seriously injured in the United States in rollover
crashes each year;

Whereas an internal NHTSA study The Role of Vertical Roof Intrusion and Post-
Crash Headroom in Predicting Roof Contact Injuries to the Head, Neck, or Face Dur-
ing FMVSS No. 216 Rollovers; An Updated Analysis became publicly available on
January 31, 2008 and concluded: “A statistically significant relationship existed be-
tween both vertical roof intrusion and post-crash headroom on the one hand and
maximum injury severity on the head, neck, or face injury from roof contact on the
other hand.”; and

Whereas the Insurance Institute for Highway Safety (ITHS) sponsored study Roof
Strength and Injury Risk in Rollover Crashes, dated March 2008 concluded: “In-
creased vehicle roof strength reduces the risk of fatal or incapacitating driver injury
in single-vehicle rollover crashes.”: Now, therefore, be it

(a) To amend title 49, United States Code §30101(1) to require Federal Motor
Vehicle Safety Standard No. 216; Roof Crush Resistance to incorporate the fol-
lowing——
(1) Increase applied force to 3.5 times the maximum unloaded vehicle
weight;
(2) Prohibit any roof component or test device from contacting a seated 50th
percentile male Hybrid III dummy under the specific applied force; and
(3) Conduct two-sided sequential tests on each vehicle retaining the current
test procedure.

(4) MOTOR VEHICLES COVERED.—This subsection applies to motor vehi-
cles, including passenger cars, multipurpose passenger vehicles, and trucks,
with a gross vehicle weight rating of 10,000 pounds or less.

(5) EFFECTIVE DATE.—Subsection (a) shall take effect no later than 4
years after the date of enactment of this Bill.

(b) To amend title 49, United States Code §30101(2) to require ROLLOVER
TESTS FOR ROOF STRENGTH.——
(1) DEVELOPMENT.—No later than 2 years after the date of the enact-
ment of this Bill, the Secretary of Transportation shall—

(A) develop a repeatable dynamic test on rollovers of motor vehicles for
the purpose of a consumer information program of vehicle roof
strength; and

(B) carry out a program of conducting such tests.

(2) TEST RESULTS.—As the Secretary develops a test under paragraph
(1)(A), the Secretary shall conduct a rulemaking to determine how best to
disseminate test results to the public.

(3) MOTOR VEHICLES COVERED.—This subsection applies to motor vehi-
cles, including passenger cars, multipurpose passenger vehicles, and trucks,
with a gross vehicle weight rating of 10,000 pounds or less.

(¢c) To amend title 49, United States Code §30117(a)(1) to require a ROOF
STRENGTH SAFETY RATING PROGRAM.—No later than 90 days after the
date of enactment of this Bill, the Secretary of Transportation shall issue a no-
tice of proposed rulemaking to establish a roof strength safety rating consumer
information program and make publicly available the SWR (Strength-to-Weight
Ratios) of all vehicles, to provide practicable, readily understandable, and timely
information to consumers for use in making informed decisions in the purchase
of vehicles. No later than 6 months after the date of enactment of this Bill, the
Secretary shall issue a final rule establishing a roof strength safety rating pro-
gram and provide consumer information which the Secretary determines would
be useful to consumers who purchase vehicles.

(1) MOTOR VEHICLES COVERED.—This subsection applies to motor vehi-
cles, including passenger cars, multipurpose passenger vehicles, and trucks,
with a gross vehicle weight rating of 10,000 pounds or less.

(d) To amend title 49, United States Code §30101(2) to require SAFETY RE-

SEARCH AND DEVELOPMENT TO RETROFIT VEHICLES WITH LOW
SWR.—
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(1) SAFETY RESEARCH.—No later than 12 months after the date of enact-
ment of this Bill, the Secretary of Transportation shall initiate and com-
plete a study compiling information on the advantages and disadvantages
of retrofitting vehicles with the 10 percent lowest SWR (Strength-to-Weight
Ratios) to increase their SWR, determining the benefits, if any, of retro-
fitting, and submit a report on the results of that study to Congress.

(2) DEVELOPMENT.—If Congress believes there is a benefit to retrofitting
vehicles with the 10 percent lowest SWR, then no later than 12 months
after the date of enactment of this Bill, the Secretary of Transportation
shall issue a notice of proposed rulemaking to require the manufacturers
of vehicles with the 10 percent lowest SWR to develop retrofit kits to
strengthen the roofs of those vehicles. No later than 18 months after the
date of enactment of this Bill, the Secretary shall issue a final rule requir-
ing the manufacturers of vehicles with the 10 percent lowest SWR to de-
velop retrofit kits to strengthen the roofs of those vehicles and make the
retrofit kits publicly available.

(3) MOTOR VEHICLES COVERED.—This subsection applies to the pre-
vious 10 model years prior to the date of the enactment of this Bill.

Senator PRYOR. Thank you.

I'm sorry, Mr. Oesch?

Mr. OEscH. Yes, sir.

Senator PRYOR. I mispronounced that earlier.
Mr. OescH. That’s quite all right.

Senator PRYOR. Go ahead. Thank you.

Mr. OESCH. No one ever gets it, sir.
[Laughter.]

STATEMENT OF STEPHEN L. OESCH, SENIOR VICE PRESIDENT,
INSURER AND GOVERNMENT RELATIONS,
INSURANCE INSTITUTE FOR HIGHWAY SAFETY

Mr. OEsScH. I am Steve Oesch, with the Insurance Institute for
Highway Safety.

The Institute is a nonprofit research and communications organi-
zation that is dedicated to identifying ways to reduce the deaths,
injuries, and property damage on our Nation’s highways. We are
sponsored by automobile insurers. I'm here today to share with you
the results of our recent research looking at the relationship be-
tween roof strength and injury risk in rollover crashes.

A key to providing protection to occupants in any type of crash,
be it front, side, or rollover, is to ensure that the occupant compart-
ment, the safety cage around the occupants, is well maintained so
that the airbags and the lap/shoulder belts can provide protection
in the event of a crash.

You’'ll see, in my written testimony, some examples of the 40-
mile-an-hour frontal offset crashes that we’ve done. You'll see the
test results for the Pontiac Transport, that the occupant compart-
ment collapsed around the occupants, therefore increasing the risk
of injury. In sharp contrast, you'll see the test results for the 2005
Chevrolet Uplander, and the occupant compartment is well main-
tained so that the airbags and lap/shoulder belt could provide pro-
tection in that crash.

Prior to our recent research on roof strength, several studies had
reported no relationship between roof strength and injury risk in
rollover crashes. These earlier studies defy logic, because, as I just
explained, in every other crash configuration, the basic principle of
occupant crash protection means that you preserve the safety cage
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so the airbags and lap/shoulder belts can provide protection in the
event of a crash.

Thus, there is no logical reason to assume that in a rollover
crash you would want to design a vehicle that would allow exces-
sive intrusion. In fact, if you look at NASCAR vehicles, they’re de-
signed with roll cages. And I've included in my written testimony
an example of a very violent crash in which the vehicle rolled over
numerous times; the driver was well protected, because there was
a roll cage in that vehicle.

Our study was a two-part analysis involving vehicle testing and
examination of the outcome of real rollover crashes. We looked at
11 mid-sized four-door SUVs, and we subjected them to a test
that’s similar to the test that’s conducted by automobile manufac-
turers to determine whether the vehicle complies with the Federal
standard. I've included in my testimony two demonstration tests—
one ivolved the Nissan Xterra, the vehicle with one of the strongest
roofs in our study, and we subjected it to a force of 10,000 pounds.
As you can see in the photograph, the Nissan Xterra withstood that
force with only 2 inches of crush. In contrast, if you look at the
2000 model year Ford Explorer in that same test, we crushed it
down to 10 inches, and it was not able to resist the 10,000 pounds
of force. Such a striking difference in the amount of roof crush il-
lustrates why you would expect to have higher injury risk in SUVs
with weaker roofs.

Having established this difference in roof strength, we then
looked at real-world crashes. We examined more than 23,000 crash-
es that occurred during the period 1997 to 2005 involving the vehi-
cles that we tested. We then looked at the difference in the roof
strength between those vehicles, and what we found was, no mat-
ter what measure of roof strength that we used, a constant rela-
tionship emerged; it showed that SUVs with stronger roofs had
lower injury risks, just exactly what you would expect. We are
going to continue to do additional research on other classes of vehi-
cles. We expect to see that same relationship.

As to the proposed Federal standard, our study clearly shows the
relationship between increased roof strength and reduced injury
risk in rollover crashes. We support the use of the current roof-
crush procedures set forth in existing Federal standard. Our study
supports—shows that you—going to a strength-to-weight ratio of at
least three times vehicle weight would be warranted by the data.
But, as we point out, if we even went from 1.5 times the vehicle
weight, which is the existing standard, to 2.5 times the vehicle
weight, which is the proposal from the National Highway Traffic
Safety Administration, there would be a reduction in rollover seri-
ous and fatal injuries by 28 percent. So, increasing the roof
strengths, naturally, beyond that 2.5 times vehicle weight would
reduce the risk even further.

Mr. Chairman, members of the Committee, I want to thank you
very much for the opportunity. And I would like to acknowledge
that two of the authors of the study, Mr. Matt Brumbelow and Mr.
Eric Teoh, accompany me today, and I want to credit them with the
very important research they did showing this relationship be-
tween increased roof strength and lower injury risk.

Thank you.
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[The prepared statement of Mr. Oesch follows:]

PREPARED STATEMENT OF STEPHEN L. OESCH, SENIOR VICE PRESIDENT, INSURER AND
GOVERNMENT RELATIONS, INSURANCE INSTITUTE FOR HIGHWAY SAFETY

The Insurance Institute for Highway Safety is a nonprofit research and commu-
nications organization that identifies ways to reduce the deaths, injuries, and prop-
erty damage on our Nation’s highways. We are sponsored by U.S. automobile insur-
ers. Thank you for inviting ITHS to testify on the findings of our recent research
on the relationship between roof strength and injury risk in rollover crashes.

Principles of Vehicle Crashworthiness

A key to protecting occupants in front, side, rear, or rollover crashes is ensuring
that compartments, or “safety cages,” surrounding the occupants remain intact so
lap/shoulder belts and airbags can provide protection during the crashes. If an occu-
pant compartment allows excessive intrusion of the door, instrument panel, footwell,
roof, or other vehicle structure, it compromises the ability of vehicle restraint sys-
tems to protect the occupants.

This is demonstrated by comparing 2 vehicles ITHS evaluated in 40 mph frontal
offset crash tests. The occupant compartment in the 1997 Pontiac Transport was
compromised, thus increasing the potential for occupant injury. In sharp contrast
is the occupant compartment in the 2005 Chevrolet Uplander, which withstood the
forces of the frontal impact and remained intact, allowing the lap/shoulder belt and
airbag to provide good occupant protection.

1997 Pontiac Transport
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2005 Chevwvrolet Uplander

Prior to our recent research on roof strength, several studies had reported no rela-
tionship between roof strength and injury risk in rollover crashes. These earlier
findings defy logic because, as I just explained, in every other crash configuration—
whether front, side, or rear—the basic principles of occupant protection dictate that
the compartment be designed to resist intrusion so lap/shoulder safety belts and air-
bags can provide protection to occupants. There is no logical reason to assume that
in a rollover crash, you would design a vehicle to permit excessive intrusion. This
is the reason NASCAR vehicles are equipped with roll bars to prevent roof crush
in violent rollover crashes such as the one experienced by Michael McDowell at the
Texas Motor Speedway in 2008. He walked away from this crash uninjured.

Michael McDowell’s rollover crash

Findings of ITHS’s Study of SUV Roof Strength

Our study, described in the attached documents,!23 is a 2-part analysis involving
vehicle testing and examination of the outcomes of real-world rollover crashes. Elev-
en midsize 4-door SUV roof designs were subjected to a test similar to the one con-

1Brumbelow, M.L.; Teoh, E.R.; Zuby, D.S.; and McCartt, A.T., 2008. Roof strength and injury
risk in rollover crashes. Arlington, VA: Insurance Institute for Highway Safety.

2Insurance Institute for Highway Safety, 2008. Comment to the National Highway Traffic
Safety Administration in response to comments by Padmanaban and Moffatt on the Institute’s
study, “Roof Strength and Injury Risk in Rollover Crashes,” May 13. Arlington, VA.

3Insurance Institute for Highway Safety, 2008. Strength of roofs on SUVs influences risk of
occupant injury in rollover crashes, new Institute study finds. Status Report 43:1. Arlington, VA.
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ducted by automakers to comply with Federal roof strength requirements. Research-
ers applied force to the roofs until crush reached 10 inches, measuring the peak
force required for 2 inches of crush, 5 inches of crush, and 10 inches. There was
a range of performance among the SUVs tested, and 2 demonstration tests illustrate
the differences.

These photographs show what happened when the 2000 Nissan Xterra, the SUV
with the strongest roof in ITHS tests, and the 2000 Ford Explorer, which has one
of the weakest roofs, were subjected to a force of up to 10,000 pounds. The Xterra
resisted a force of 10,000 pounds after only 2 inches of crush, while the Explorer
crushed all the way to 10 inches without reaching this level of resistance. Such a
striking difference in the amount of roof crush illustrates why higher injury risk
would be expected in SUVs with weaker roofs.

2000 Nissan Xterra

2000 Ford Explorer

Having established the range of roof strength among the SUVs in the ITHS study,
the researchers then focused on almost 23,000 rollover crashes of the same SUVs
that occurred in the real world during 1997-2005. Logistic regression was used to
assess the effect of roof strength on the likelihood of serious or fatal driver injury
in the on-the-road rollover crashes of the SUVs. The regression controlled for state-
to-state differences, vehicle stability, and driver age, and the results denote the in-
jury risk, given the strength of an SUV’s roof. No matter what measure of roof
strength the researchers used, a consistent relationship emerged: SUVs with strong-
er roofs had lower injury risks.

There are important strengths of our study. We looked only at midsize SUVs be-
cause they are similar vehicles with similar drivers and a high risk of rolling over.
This allowed researchers to limit the number of variables in the analysis and con-
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centrate on the ones that would ensure that results were not biased by factors such
as differences in driver age, types of use, etc. Another strength is that we used sev-
eral different measures of roof strength, all of which confirmed that injury risk is
lower among vehicles with stronger roofs. This makes logical sense, and the data
confirm it.

Based on our research, we expect that the study’s finding of reduced injury risk
with increased roof strength will hold for other types of vehicles, although the mag-
nitude of the injury risk reductions may differ among vehicle groups. To further es-
tablish this, we plan to conduct another series of roof crush tests involving a dif-
ferent class of vehicles—small passenger cars—that also has a high rollover rate.

Dynamic Rollover Test

A dynamic rollover test using instrumented test dummies would be a gold stand-
ard for assessing occupant protection in rollover crashes. However, we are not cer-
tain that the procedures for a dynamic test are reasonably repeatable, and we are
not sure how to conduct such a test to obtain the most relevant information. Real-
world rollover crashes vary widely. They often are preceded by violent events as ve-
hicles leave the road and begin to roll over. The positions of occupants at the time
a rollover begins are uncertain, so it is difficult to position test dummies to rep-
resent where occupants would be in real-world rollover crashes. Current dummies
designed for front, side, and rear testing have not been shown to behave in a
human-like manner in rollover crashes.

Proposed Federal Roof Crush Standard

ITHS’s study clearly shows the relationship between increased roof strength and
reduced injury risk in rollover crashes. We support the continued use of the current
roof crush procedures set forth in the existing Federal standard on roof crush resist-
ance. However, our study supports requiring vehicles to have a strength-to-weight
ratio of at least 3.0. We estimate that a 1-unit increase in peak strength-to-weight
ratio—for example, from 1.5 times vehicle weight, as specified in the existing Fed-
eral standard, to 2.5 times, as proposed by the National Highway Traffic Safety Ad-
ministration—would reduce the risk of serious or fatal injury in a rollover crash by
28 percent. Increasing roof strength requirements beyond 2.5 times vehicle weight
would reduce injury risk even further.

ROOF STRENGTH AND INJURY RISK IN ROLLOVER CRASHES—March 2008
by Matthew L. Brumbelow, Eric R. Teoh, David S. Zuby, and Anne T. McCartt

Abstract

Vehicle rollover is a major cause of fatality in passenger vehicle crashes. Rollovers
are more complicated than planar crashes, and potential injury mechanisms still are
being studied and debated. A central factor in these debates is the importance of
having a strong vehicle roof. Minimum roof strength is regulated under Federal
Motor Vehicle Safety Standard (FMVSS) 216, but no study to date has established
a relationship between performance in this or any other test condition and occupant
protection in real-world rollover crashes. The present study evaluated the relation-
ship between roof strengths of 11 mid-size SUV roof designs and the rate of fatal
or incapacitating driver injury in single-vehicle rollover crashes in 12 states. Quasi-
static tests were conducted under the conditions specified in FMVSS 216, and the
maximum force required to crush the roof to 2, 5, and 10 inches of plate displace-
ment was recorded. Various measures of roof strength were calculated from the test
results for evaluation in logistic regression models. In all cases, increased measures
of roof strength resulted in significantly reduced rates of fatal or incapacitating driv-
er injury after accounting for vehicle stability, driver age, and state differences. A
one-unit increase in peak strength-to-weight ratio (SWR) within 5 inches of plate
displacement, the metric currently regulated under the FMVSS 216 standard, was
estimated to reduce the risk of fatal or incapacitating injury by 28 percent.

Introduction

During the past two decades automobile manufacturers have made important ad-
vances in designing vehicle structures that provide greater occupant protection in
planar crashes (Lund and Nolan 2003). However, there has been little consensus re-
garding the importance of roof strength in rollover crashes, as well as the best
method for assessing that strength. In 2006 one-quarter of fatally injured passenger
vehicle occupants were involved in crashes where vehicle rollover was considered
the most harmful event (Insurance Institute for Highway Safety, 2007). Many fa-
tally injured occupants in rollovers are unbelted, and some are completely or par-
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tially ejected from the vehicle (Deutermann 2002). There is disagreement concerning
how structural changes could affect ejection risk or the risk of injury for occupants
who remain in the vehicle, regardless of belt use.

Some researchers have concluded there is no relationship between roof crush and
injury risk as measured by anthropometric test devices (ATDs) (Bahling et al., 1990;
James et al., 2007; Moffatt et al., 2003; Orlowski et al., 1985; Piziali et al., 1998),
whereas others have reached the opposite conclusion using data from the same
crash tests (Friedman and Nash, 2001; Rechnitzer et al., 1998; Syson 1995). These
disparate conclusions have led to distinct hypotheses about the primary source of
rollover injury: either a diving mechanism in which injury occurs independently of
roof crush, or a roof intrusion mechanism in which injury is caused by structural
collapse. These hypotheses often are seen as being mutually exclusive, but both as-
sume that keeping occupants in the vehicle and preventing head-to-roof contact re-
duces injury risk. According to Bahling et al., (1990), “the absence of deformation
mag benefit belted occupants if it results in the belted occupant not contacting the
roof.”

Federal Regulation of Roof Strength

Although many researchers have studied potential rollover injury mechanisms,
evaluation of the Federal regulation governing roof strength has been lacking. Fed-
eral Motor Vehicle Safety Standard (FMVSS) 216 was introduced in 1971 to estab-
lish a minimum level of roof strength and is the only regulation governing rollover
crashworthiness for passenger vehicles (Office of the Federal Register 1971). FMVSS
216 specifies a quasi-static test procedure that measures the force required to push
a metal plate into the roof at a constant rate. It requires a reaction force equal to
1.5 times the weight of the vehicle be reached within 5 inches of plate displacement.
In 1991 the standard was extended to apply to light trucks and vans with gross ve-
hicle weight ratings less than 6,000 pounds (Office of the Federal Register 1991).

In 2005 NHTSA issued a notice of proposed rulemaking (NPRM) announcing its
intent to upgrade the roof strength standard (Office of the Federal Register 2005).
According to the proposal the test procedure would remain largely unchanged but
the level of required force would be increased to a strength-to-weight ratio (SWR)
of 2.5. The maximum 5-inch plate displacement limit would be replaced by a re-
quirement that the minimum strength be achieved prior to head-to-roof contact for
an ATD positioned in the front outboard seat on the side of the vehicle being tested.
Using two different analysis methods, NHTSA estimated 13 or 44 lives per year
would be saved by the proposed standard, equivalent to less than 1 percent of roll-
over fatalities. These estimates were based on an evaluation of 32 crashes in the
National Automotive Sampling System/Crashworthiness Data System (NASS/CDS),
after assuming that the following occupants, among others, would not benefit from
the proposed upgraded standard: occupants in arrested rolls, ejected occupants,
unbelted occupants, occupants in rear seats, and occupants without coded intrusion
above their seating positions.

In 2008 NHTSA issued a supplemental notice of proposed rulemaking announcing
the results of additional research tests (Office of the Federal Register 2008). The
proposal indicated the agency may consider adopting a sequential two-sided test.
Final decisions about the minimum SWR for either a one- or two-sided test are
pending results of an updated benefits analysis.

Previous Research Relating Roof Strength to Crash Injury Outcomes

NHTSA’s benefits analysis in the 2005 NPRM assumed that roofs designed to
meet a higher strength requirement in the quasi-static test are better able to main-
tain occupant headroom during rollover crashes in the field. This link has never
been shown, nor has any measure of roof strength been found to predict injury risk.
The agency’s own assessment found most vehicles “easily exceeded” the require-
ments of FMVSS 216, even vehicles produced before introduction of the standard
(Kahane 1989). Demonstrating that a test promotes crashworthy designs is difficult
without either a sample of vehicles not meeting the test requirements or a range
of performance among vehicles that pass. Kahane found that some hardtop roof de-
signs without B-pillars sustained more crush before meeting the minimum strength
requirement, and that fleet-wide fatality risk in non-ejection rollover crashes de-
clined during the 1970s, a time period corresponding to a shift toward roof designs
with B-pillars. These findings did not establish a relationship between roof strength
and injury because test results for specific vehicles were not compared with injury
rates for those vehicles.

Only two studies directly investigated the relationship between peak roof strength
and injury outcome for occupants in real-world rollover crashes (Moffatt and
Padmanaban 1995; Padmanaban et al., 2005). Vehicles were evaluated using the
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quasi-static procedure outlined in FMVSS 216, but every vehicle was tested to a full
5 inches of plate displacement to measure roof strength in excess of the minimum
SWR. An earlier study by Plastiras et al., (1985) did not incorporate measures of
peak roof strength and used a severely limited sample of crashes.

Moffatt and Padmanaban (1995) constructed a logistic regression model to inves-
tigate the effects of age, gender, belt use, alcohol use, crash environment (rural/
urban), number of vehicle doors, vehicle aspect ratio (roof height divided by track
width), vehicle weight, roof damage, and roof strength on the likelihood of fatal or
incapacitating driver injury in single-vehicle rollover crashes. Crash data consisted
of single-vehicle rollovers in databases of police-reported crashes in four states. Mul-
tiple vehicle types were included. The study reported no relationship between roof
strength and the likelihood of fatal or incapacitating injury. Although more severe
roof damage was associated with higher likelihood of injury, the study found roof
strength did not predict the likelihood of severe roof damage.

Padmanaban et al., (2005) conducted a follow-up study that expanded the vehicle
sample and differed in a few other respects, but the findings were similar. Driver
factors such as belt use, age, and alcohol use were reported as important predictors
of injury risk, whereas roof strength was not related to the risk of fatal or incapaci-
tating injury, or to the risk of fatal injury alone. Both studies also found that vehi-
cles with higher aspect ratios had lower rates of fatal or incapacitating injury.

These findings call into question the effectiveness of the FMVSS 216 regulation.
The standard was established to “reduce deaths and injuries due to the crushing
of the roof,” but according to this research, roof strength assessed under the regu-
lated test conditions has no relationship to injury likelihood. Furthermore, the
Moffatt and Padmanaban (1995) study found no relationship between roof strength
and roof damage in rollover crashes. This finding suggests two possibilities: either
the Federal standard is not evaluating roof strength in a mode relevant to real-
world rollovers, or the methods used in these studies have allowed other factors to
obscure this relevance. Differences among vehicle types and state reporting practices
are two examples of factors that may have confounded the results for roof strength.

The purpose of the present study was to investigate whether there is any relation-
ship between performance in the quasi-static test specified by FMVSS 216 and in-
jury risk in rollover crashes. By restricting the analysis to midsize four-door SUVs
the study sought to minimize other factors that may confound an analysis of roof
strength, such as the differences in crash severity, vehicle kinematics, occupant kin-
ematics, and driver demographics associated with vehicles of different types. Vehicle
stability, occupant age effects, and differences between states were controlled statis-
tically in the analyses. The study estimated the effects of raising the minimum SWR
requ(iirement and also compared alternative strength metrics calculated from the roof
test data.

Methods

Logistic regression was used to evaluate the effect of roof strength on driver in-
jury risk in single-vehicle rollover crashes involving midsize four-door SUVs. Roof
strength data for 11 SUV models were obtained from quasi-static tests in which
roofs were crushed with up to 10 inches of plate displacement. Using data from po-
lice-reported crashes in 12 states, driver injury rates by make/model were calculated
as the proportion of drivers in single-vehicle rollover crashes who were coded as
having fatal or incapacitating injury.

Vehicle Selection and Roof Strength Testing

Certain vehicle safety features might affect the rate of injuries in rollover crashes
and thereby confound the analyses of roof strength. Side curtain airbags and elec-
tronic stability control (ESC) are two such features. In a single-vehicle rollover crash
the presence of side curtain airbags may reduce the risk of full or partial occupant
ejection or reduce the risk of injury for occupants remaining in the vehicle. ESC
does not influence injury risk once a rollover has begun, but it most likely affects
the type of rollover crashes in which ESC-equipped vehicles are involved. All models
with side curtain airbags or ESC as standard features were excluded. None of the
remaining vehicles had optional ESC installation rates exceeding 3 percent, and
only one had an optional curtain airbag installation rate higher than 5 percent
(Ward’s Communications, 2006). Potential confounding from the inclusion of 2002—
04 Ford Explorers, 15 percent of which had curtain airbags, was addressed in a
manner described below. Although it would have been desirable to evaluate roof
strength effects for vehicles with these safety features, which soon will be standard
across the fleet, there were insufficient data to do so.

Roof strength data from vehicle manufacturers typically do not enter the public
domain and therefore are not readily available to independent researchers. Addi-
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tionally, compliance testing rarely is extended beyond the crush distance required
to demonstrate the minimum SWR of 1.5. To study the range of roof strengths in
the vehicle fleet, testing must continue beyond this level to measure peak force. The
required test data were available for three midsize SUVs from NHTSA research re-
lated to the proposed standard upgrade. These data were included in the study.

Roof strength data for additional vehicles were obtained from tests conducted by
General Testing Laboratories, under contract with the Insurance Institute for High-
way Safety. The eight midsize SUVs with the most rollover crashes in the state
databases used for the study were tested. Six of these models were not current de-
signs, so it was necessary to test used vehicles. Tested vehicles had no previous
crash damage and were equipped with the original factory-installed windshield and
side windows. It has been suggested that the windshield and its bond to the vehicle
frame can contribute up to 30 percent of the strength measured in the test (Fried-
man and Nash 2001).

In total, tests of 11 roof designs provided the data for the study. Some of these
designs were shared by corporate twins, so the number of vehicle models in the
study exceeds 11.

Static Stability Factor

Moffatt and Padmanaban (1995) and Padmanaban et al., (2005) found that vehi-
cles with larger aspect ratios had lower rates of serious driver injury. The authors
did not discuss the implications of this finding, although the 2005 study suggested
it was not due to any increased headroom of taller vehicles. Assuming identical sus-
pension properties, taller and narrower vehicles are less stable than wider shorter
ones, leading to rollovers at lower speeds and with less severe tripping events. It
is possible that these lower speed rollovers are less likely to cause serious injury,
meaning that when rollovers do occur, less stable vehicles may have lower severe
injury rates simply because they roll more easily. Harwin and Emery (1989) re-
ported this from a sample of 3,000 rollover crashes in Maryland. The present study
included static stability factor (SSF) as a predictor in the logistic regression. SSF
is a better measure of stability than aspect ratio because the height of the center
of gravity is measured instead of the height of the roof. NHTSA uses SSF to assign
rollover risk ratings to the vehicle fleet, and these publicly available data were used
in this study.

Roof Strength Metrics

Because performance in the FMVSS 216 test has not been shown to affect injury
risk, it is not clear that a baseline SWR within 5 inches of plate displacement better
predicts injury outcome than other strength metrics that can be calculated from the
same test data. The energy absorbed by the roof may be more relevant to injury
risk than the peak force it can withstand, or the roof’s performance over a plate dis-
placement other than 5 inches could better predict injury risk. The contribution of
vehicle mass to rollover crashworthiness also is unknown.

In the present study the following metrics were evaluated: peak force, SWR, en-
ergy absorbed, and equivalent drop height. SWR is peak force divided by vehicle
curb weight, and equivalent drop height is energy divided by curb weight converted
to inches. The term “equivalent drop height” is used because this metric can be con-
sidered the height from which the vehicle could be dropped on its roof to produce
the same level of crush as observed in the test (under an ideal condition where the
roof deforms identically in the dynamic and quasi-static conditions). Each of the
metrics was calculated within 2, 5, and 10 inches of plate displacement. Two inches
was chosen based on the highly linear characteristic of the force-deflection curves
up to this displacement. Ten inches represented the maximum deflection in 10 of
the 11 tests.

Because there were 11 tested roof designs, the evaluations using peak force and
energy absorption had 11 available values for comparison. The use of curb weight
for calculating SWR and equivalent drop height produced many more unique values.
Corporate twins were separated where curb weights differed, and two-wheel drive
vehicles were separated from four-wheel drive versions due to their lower weights
and varying SSF values. These 31 vehicles produced 28 unique values of SWR and
equivalent drop height. Table 1 lists the vehicle test data used in the analysis. Ap-
pendix A reports the other metrics for these vehicles as well as the other models
for which these data can be applied. The results for the 1996-2001 Ford Explorer
and Mercury Mountaineer reflect the use of averaged values obtained from two
tests. The Mitsubishi Montero Sport was omitted from the 10-inch displacement
evaluations because NHTSA’s test of this vehicle did not continue beyond 7.4 inches.
This omission did not substantially affect the results; the Montero Sport had the
smallest exposure of all vehicles in the study.
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Table 1.—FMVSS 216 Roof Strength Test Results

Peak roof strength (1by)

Model years Make Model 2in 5in 10 in

1996-2004 Chevrolet Blazer 4,293 7,074 7,337
2002-2005 Chevrolet TrailBlazer 6,896 8,943 8,943
1998-2003 Dodge Durango 6,409 9,138 9,138
1996-2001 Ford Explorer 5,901 7,072 8,196
2002—-2004 Ford Explorer 6,895 9,604 12,372
1996-1998 Jeep Grand Cherokee 5,497 8,455 8,455
1999-2004 Jeep Grand Cherokee 5,073 6,560 7,090
2002—-2005 Jeep Liberty 8,226 10,374 10,544
1997-2004 Mitsubishi Montero Sport 6,063 10,069 N/A
2000-2004 Nissan Xterra 9,431 11,996 11,996
1996-2000 Toyota 4Runner 5,269 8,581 8,581

Rollover Crash Data

Data for single-vehicle rollover crashes were obtained from the State Data Sys-
tem. The system is maintained by NHTSA and consists of data from police-reported
crashes submitted to the agency by certain states. Qualifying states had data avail-
able for some part of calendar years 1997-2005, had event and/or impact codes al-
lowing single-vehicle rollovers to be identified, and had available information on ve-
hicle identification numbers sufficient for determining vehicle make, model, and
model year. Twelve states met these criteria: Florida, Georgia, Illinois, Kentucky,
Maryland, Missouri, New Mexico, North Carolina, Ohio, Pennsylvania, Wisconsin,
and Wyoming. All of these states use the KABCO injury coding system, where “K”
represents fatal injuries and “A” represents incapacitating injuries as assessed by
the investigating police officer.

Logistic Regression

Logistic regression was used to assess the effect of roof strength on the likelihood
of fatal or incapacitating driver injury. The final models controlled for state, SSF,
and driver age. Controlling for state is necessary because of differences in reporting
methods, terrain, urbanization, and other factors that could result in state-to-state
variation in injury rates. The potential influence of SSF on rollover crash severity
was discussed previously, and age has been found to affect injury risk (Li et al.,
2003). A separate model was fit for each roof strength metric at each plate displace-
ment distance, yielding 12 models. The effect of roof strength was assumed to be
constant across all states. Because rollovers resulting in fatal or incapacitating inju-
ries are fairly rare events, the odds ratios resulting from these models are reason-
able approximations of relative risks and are interpreted accordingly.

Other covariates initially were examined in the models. These included coded belt
use, driver gender, vehicle drive type (two- vs. four-wheel drive), and vehicle age.
Driver gender, drive type, and vehicle age did not have significant effects on injury
likelihood and were excluded from the final model. Coded belt use did affect injury
risk in rollover crashes, and there was concern that belt use may confound the ob-
served effects of roof strength. To study this possibility, separate models were fit
for drivers coded as belted, unbelted, and unknown despite the unreliability of this
information from police reports.

Tests that provided data for the 2002-04 Ford Explorer and 2000-04 Nissan
Xterra were conducted with an alternative tie-down procedure that NHTSA was in-
vestigating for a change to the laboratory test procedure specified by the Office of
Vehicle Safety Compliance (NHTSA 2006). At least one manufacturer has expressed
concern that this tie-down procedure produces different results than the procedures
used in its own compliance tests (Ford Motor Company 2006). The test procedure
employed by General Testing Laboratories for this study differed from both the al-
ternative being investigated by NHTSA and the procedure used by Ford. Two sup-
plemental analyses addressed these procedural variations. First, results for the Ex-
plorer and Xterra were excluded and the data were modeled again. This also ad-
dressed any potential confounding resulting from the 15 percent installation rate of
side curtain airbags in the 2002—04 Explorer. Second, a sensitivity analysis was con-
ducted. This consisted of 10 separate regression models in which the roof strength
inputs to the model varied by up to 10 percent above or below the measured
strength. These values were sampled from a distribution using a random number
generator.
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One difficulty associated with using fatal and incapacitating injury counts as the
measure of crash outcome is the subjectivity with which police can code incapaci-
tating injuries. To check potential error from police judgment, separate models were
fit for fatal injuries alone to ascertain that they followed the same pattern as models
including incapacitating injuries.

Estimated Lives Saved

The present study has direct bearing on any future upgrades to FMVSS 216. Most
of the study vehicles would require stronger roofs if the SWR requirement increased
from 1.5 to 2.5 without any other modifications to the test procedure. To estimate
the number of lives saved by such a change, data were extracted from the Fatality
Analysis Reporting System for 2006. Fatalities were counted for occupants in front
outboard seating positions in single-vehicle rollover crashes for each of the study ve-
hicles. For vehicles with SWRs below 2.5, the increase required to achieve this level
of strength was used to scale the effectiveness estimates of the final logistic regres-
sion model, producing vehicle-specific effectiveness values. These values were ap-
plied to the number of fatalities in each vehicle to produce an estimate of total lives
saved. A second estimate was calculated using a target SWR of 3.16, the highest
level achieved by any of the study vehicles. No compliance margin was included in
these estimates; it was assumed that the roof strength values would not be greater
than the target strength value.

Results

Figure 1 shows the unadjusted relationship between the rate of fatal or incapaci-
tating driver injury and peak SWR within 5 inches of plate displacement, the metric
used in FMVSS 216. The circles represent the raw injury rate data; circle sizes are
proportional to the total number of rollover crashes in the state databases for each
study vehicle, and hence to that vehicle’s contribution to the weighted regression
line that is plotted. The slope of the line represents an injury rate 24 percent lower
than average for an SWR one unit higher than average, but no adjustment was
made for potentially confounding factors.

After controlling for state effects, SSF, and driver age the logistic regression mod-
els estimated changes in the odds of fatal or incapacitating driver injury for greater
roof strength. Lower injury rates were associated with higher values of peak force,
SWR, energy absorption, and equivalent drop height at 2, 5, and 10 inches of plate
displacement. All of these findings were statistically significant at the 0.05 level.
The model for peak SWR within 5 inches predicted that a one-unit increase in SWR
would reduce the risk of fatal or incapacitating driver injury by 28 percent. These
findings were based on 22,817 rollover crashes in the 12 states.

Figure 1
Rates of fatal or incapacitating driver injury by peak strength-to-
weight ratio (SWR) within 5 inches of plate displacement
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Table 2 lists the odds ratios for fatal or incapacitating driver injury for higher roof
strength values. Odds ratios less than one indicate that greater roof strength is as-
sociated with lower injury risk. The units vary by metric. Peak force is given in
English tons, SWR in increments of vehicle weight, energy absorption in kilojoules,
and equivalent drop height in inches. One-unit differences in these metrics do not
represent equivalent changes in roof strength, so the point estimates in the first col-
umn should not be directly compared against one another. To facilitate comparison,
the second column lists the range of roof strength test performance for the study
vehicles, and the third column lists the effect associated with a difference of this
amount. For example, the lowest peak force within 2 inches of plate displacement
was 4,293 lbr (2.15 tons), observed in the test of the Chevrolet Blazer. The highest
peak force was 9,431 1bs (4.72 tons) for the Nissan Xterra, or 2.57 tons greater than
the force in the Blazer test. A strength difference of 2.57 tons was associated with
a 49 percent lower injury risk for the stronger roof.

The effects of driver age and SSF also are listed in Table 2. SSF values ranged
from 1.02 to 1.20 for the study vehicles, so the effect of a 0.1 unit increase in SSF
was evaluated. Results did not show a clear trend in injury risk by SSF. The effect
of age was very consistent and statistically significant. Each 10-year increase in
driver age was estimated to increase injury risk, given a single-vehicle rollover had
occurred, by 12—-13 percent.

Table 2—Results of Logistic Regression Models for Risk of Fatal or Incapacitating Driver Injuries

Roof strength SSF Driver age
Odds ratio Odds ratio | Odds ratio  Odds ratio
for for for for
Strength Plate 1 unit observed 0.1 unit 10 year
metric displacement increase Range range increase increase
Peak force 2 in 0.77* 2.15-4.72 0.51% 1.05 1.13*
(tons) 5in 0.82% 3.28-6.00 0.58* 1.06 1.12*
10 in 0.74* 3.55-6.19 0.46% 1.06 1.13*
2 in 0.55% 1.05-2.48 0.43* 0.98 1.13*
SWR 5in 0.72% 1.64-3.16 0.61* 0.96 1.12%
10 in 0.57* 1.77-3.16 0.45% 0.93 1.13*
Energy 2 in 0.34% 0.45-0.97 0.57* 1.01 1.13*
absorbed (kdJ) 5in 0.71* 2.58-4.51 0.52* 1.08 1.13%
10 in 0.82% 6.28-8.96 0.59% 1.06 1.13*
Equivalent 2 in 0.56% 0.96-2.25 0.48% 0.95 1.13*
drop height (in) 5in 0.85% 5.56-10.5 0.45% 0.98 1.13*
10 in 0.89* 13.6-20.5 0.44* 0.93 1.13*

* Statistically significant at 0.05 level.

Eighty-three percent of drivers in the study were coded as belted. Logistic regres-
sion models using only these drivers produced estimates for the effectiveness of roof
strength in preventing injury that were very similar to those of the regression mod-
els for all drivers. All estimates were statistically significant. Ten percent of drivers
were coded as unbelted, and regression models restricting to these crashes found
small effects of roof strength on injury risk that were not statistically significant.
Police reported unknown belt use for the remaining 7 percent of drivers. Roof
strength effect estimates for these crashes were similar to the overall model, al-
th(]);igh not all were statistically significant at the 0.05 level. Results are listed in
Table 3.
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Table 3.—Results of Logistic Regression Models for Risk of Fatal or Incapacitating Driver
Injuries By Police-reported Belt Use

Odds ratios for 1 unit increases in roof strength,
by police reported belt use
Plate
displacement | All drivers Belted Unbelted Unknown
Peak force 2 in 0.77* 0.79% 0.93 0.79
(tons) 5in 0.82% 0.82* 1.00 0.90
10 in 0.74% 0.76% 0.94 0.81
2 in 0.55% 0.59% 0.85 0.54%
SWR 5in 0.72% 0.73* 0.99 0.78
10 in 0.57* 0.59% 0.90 0.59
Energy 2 in 0.34% 0.40% 0.64 0.34
absorbed (kdJ) 5in 0.71% 0.73% 0.95 0.79
10 in 0.82% 0.85% 0.95 0.86
Equivalent 2 in 0.56% 0.62* 0.79 0.54*
drop height (in) 5in 0.85% 0.86% 0.98 0.86
10 in 0.89% 0.91% 0.97 0.88*

*Statistically significant at 0.05 level

The two supplemental analyses addressing test procedure differences produced re-
sults comparable with the overall results in Table 2. The odds ratio for fatal or inca-
pacitating driver injury associated with a one-unit higher SWR at 5 inches of plate
displacement, originally 0.72, was 0.74 for the regression model excluding the Ex-
plorer and Xterra and ranged from 0.67 to 0.78 for the 10 regression models with
{raryling roof strengths. These results remained statistically significant at the 0.05
evel.

Of the 22,817 rollover crashes in the state data set, 1,869 drivers sustained inca-
pacitating injuries and 531 sustained fatal injuries. Because these injuries were
split among 12 different states and up to 28 unique SWR values, fatality counts
were quite small. Nevertheless, results from the fatality models were similar to re-
sults from the models that also included incapacitating injury, and in 11 of 12 cases
were statistically significant at the 0.05 level. Results are presented in Table 4.

Table 4 —Results of Logistic Regression Models of Risk
of Driver Fatality

Plate Odds ratio for
displacement 1 unit increase
Peak force 2 in 0.61*
(tons) 5 in 0.80%*
10 in 0.58%*
2 in 0.36
SWR 5in 0.76
10 in 0.43*
Energy 2 in 0.11%
absorbed (kJ) 5in 0.54%*
10 in 0.62*
Equivalent 2 in 0.35%
drop height (in) 5in 0.79%
10 in 0.80%*

*Statistically significant at 0.05 level.

In 2006, 668 occupants in front outboard seating positions were killed in single-
vehicle rollover crashes involving the study vehicles. It was estimated that 108 of
these lives (95 percent confidence interval: 63-148) could have been saved by in-
creasing the minimum SWR required by FMVSS 216 from 1.5 to 2.5. Increasing the
minimur;l SWR to 3.16 could have saved 212 lives (95 percent confidence interval:
130-282).
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Discussion

The present study demonstrates that roof strength has a strong effect on occupant
injury risk. This is in contrast to previous research relating roof test results to in-
jury rates in field rollover crashes (Moffatt and Padmanaban 1995; Padmanaban et
al., 2005). To fully investigate these differences, the detailed roof strength data from
the previous studies would need to be compared with the data reported here. Unfor-
tunately, these earlier data are confidential and a precise reason for the difference
in results cannot be established. Nevertheless, the differing methods employed by
the studies offer some potential explanations.

One of the biggest differences is that confounding effects associated with vehicle
type largely were ignored in earlier research. Passenger cars, minivans, pickups,
and SUVs all were included, and vehicles were classified by aspect ratio (roof height
divided by track width). The substantial differences in driver demographics, rollover
kinematics, and other factors associated with these vehicle types were unlikely to
be captured with a measurement based solely on two exterior vehicle dimensions.

The only consideration of vehicle type was a secondary analysis in the Moffatt and
Padmanaban (1995) study in which sports cars were grouped with pickups and
SUVs, while non-sports cars were grouped with minivans. This attempted to control
for the likelihood of drivers engaging in risky driving maneuvers, but likely only
served to exacerbate differences in rollover crashes. Sports cars typically are the
least rollover prone of all vehicles, with low centers of gravity and wide track
widths. By grouping sports cars with SUVs and pickups, the authors combined vehi-
cles requiring very severe roll-initiation events with vehicles requiring less severe
initiation. Calculations using data reported by Digges and Eigen (2003) showed that
for belted non-ejected occupants in rollover crashes, more than 20 percent of those
in passenger cars were exposed to two or more roof impacts, whereas less than 10
percent of SUV and pickup occupants were in rollovers this severe.

Another difference was that these two previous studies did not control for dif-
ferences among the states used in the analysis. NHTSA analyses of rollover crashes
using state data controlled for these differences (Office of the Federal Register
2000), and the present study did so as well.

Belt Use and Ejection

Schiff and Cummings (2004) found that police reports overestimate belt use as
compared with NASS/CDS, which is regarded as a more reliable source of this infor-
mation. The authors found the most disagreement in cases where occupant injuries
were least severe; for uninjured occupants coded as unbelted in NASS/CDS, police
reported positive belt use 47 percent of the time. Because of this discrepancy, in-
cluding restraint use as a predictor of injury would produce regression models that
overestimate the true effect of belt use and reduce the apparent effect of other vari-
ables, such as roof strength.

The present study did not include police-reported belt use in the final regression
model. Preliminary models separately analyzed drivers coded as belted and
unbelted. Regression models for drivers with reported belt use estimated roof
strength effects nearly identical to the effects estimated for all drivers. This is not
surprising given the high percentage of reported belt use, but it does imply that belt
use is not confounding the results of the final regression model. The models for driv-
ers reported as unbelted did not find a significant relationship between roof strength
and injury risk. Roof strength may have less of an effect on injury risk for unbelted
drivers, but results are inconclusive given the limited sample of drivers reported as
unbelted and the inaccuracy of restraint use from police reports.

Thirty-eight percent of drivers who police said were unbelted also were reported
as ejected. Digges et al., (1994) reported that 42 percent of unrestrained occupants
who were ejected exited the vehicle through a path other than the side windows,
such as the door opening or the windshield. Increased roof strength potentially can
reduce the integrity loss that can lead to doors opening or windshields being dis-
placed. As the number of vehicles with side curtain airbags increase, the likelihood
of ejection through the side windows should decrease. However, weak roofs could
compromise the protection afforded by these airbags if they allow the roof rails to
shift laterally and expose occupants to contacts with the ground.

Injury Causation

In finding that vehicles with stronger roofs are more protective of occupants, this
study does not directly address injury mechanisms. It is possible the occupant pro-
tection provided by increased roof strength mitigates crush injuries by maintaining
head clearance, reduces diving injuries by changing vehicle kinematics, or some
combination of the two.
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The possibility that roof strength influences vehicle kinematics was identified by
Bahling et al., (1990). The authors observed substantial differences in rollover tests
of production and rollcaged sedans. The production vehicles had a greater “velocity
and duration of the roof-to-ground impact of the trailing roofrail” due to more roof
deformation earlier in the roll. In addition, the actual number of far-side roof im-
pacts among the rollcaged vehicles was less than half the number among the pro-
duction vehicles. For far-side occupants, these changes produced a dramatic reduc-
tion in the number and average magnitude of neck loads surpassing 2 kN.

Various Roof Strength Metrics

The present study evaluated roof strength with multiple metrics calculated from
NHTSA’s quasi-static test data. Logistic regression analyses found rollover injury
risks were significantly lower for vehicles with stronger roofs, regardless of which
strength assessment was used. Based on this finding, it is difficult to determine
whether any one metric may be more predictive of injury outcome than the others.
To permit an indirect comparison of the metrics, the one-unit effect estimates were
converted to estimates for strength level increases equal to the range of study vehi-
cle roof strengths. However, it is not known how much the relationship between
these ranges would change with samples of other vehicles. For the vehicles in this
study, such comparisons showed a range of predicted injury risk reductions but did
not reveal any single combination of strength metric and plate displacement dis-
tance that stood out above the others.

For the study vehicles, higher peak roof strengths and SWRs within 2 and 10
inches of plate displacement predicted greater reductions in injury risk than roof
strengths within 5 inches of displacement. The federally regulated metric of SWR
evaluated within 5 inches predicted the smallest reduction in injury risk of all 12
metric and displacement combinations. Across all three displacement distances,
higher values of equivalent drop height predicted the most consistent reductions in
injury risk but the differences from other metrics were not large. Future analyses
of the quasi-static test condition’s relevance to real-world rollovers should further
evaluate the equivalent drop height metric.

The metrics that accounted for vehicle curb weight were somewhat better predic-
tors of injury risk than the metrics that did not. The importance of weight may be
stronger across the entire vehicle fleet, where the range of curb weights is much
wider than for the study vehicles. More than 80 percent of the rollover crashes in
this (situdy occurred among vehicles with curb weights between 3,800 and 4,200
pounds.

Other Covariates

All of the logistic regression models estimated significant injury risk increases of
12-13 percent for each 10-year increase in driver age. The findings for SSF were
not statistically significant. Although the full range of SSF values for the study ve-
hicles was 1.02-1.20, 74 percent of the rollover crashes in this study involved vehi-
cles with SSF values between 1.06 and 1.09. This could explain the inconclusive in-
jury risk estimates because such small variation in SSF values may be outweighed
by other differences that affect vehicle stability and cannot be captured in SSF cal-
culations, such as wheelbase or suspension and tire properties. A stronger trend
may exist across the wider range of SSF values found in the entire fleet, with the
most stable vehicles typically having values of 1.50 (Robertson and Kelley 1989).

Implications of Testing Used Vehicles

The analyses required vehicle models that have been in the fleet for enough years
to accumulate sufficient crash data, so it was necessary to test used vehicles. Ac-
cording to vehicle manufacturers and NHTSA, roof strengths of used vehicles may
not be equivalent to those of new vehicles (Office of the Federal Register 2006). Ve-
hicles in the present study had no crash damage or corrosion that could have af-
fected test results. Factory-installed windshields and side glazing still were present.
However, it is possible that different results would have been obtained for new mod-
els. To some extent, this concern was addressed with the sensitivity analysis. The
injury risk findings did not vary substantially when roof strength values were var-
ied up to 10 percent.

Test results for the study vehicles may better represent the roof strengths of vehi-
cles involved in rollover crashes than results for vehicles used in compliance testing
and those used in earlier research. Previous studies included tests of production ve-
hicles, prototypes, and vehicles “representative of production” that were “deemed
satisfactory for compliance . . . [based on] engineering judgment” (Moffatt and
Padmanaban 1995). The authors did not specify how many values were obtained
from production vehicles.
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Relevance To Proposed FMVSS 216 and Estimated Lives Saved

The estimated number of lives saved by increasing the regulated SWR to 2.5 is
considerably higher than the estimated 13 and 44 lives saved indicated in NHTSA’s
2005 NPRM, despite the fact the agency’s estimates cover the entire passenger vehi-
cle fleet. Estimates presented here are limited to the 11 study vehicles for two rea-
sons: peak roof strength values for other vehicles mostly are unknown, and the ef-
fectiveness of roof strength in reducing injury may vary across vehicle types. An-
other difference in the estimates comes from the NPRM’s modified plate displace-
ment criterion, which allows roof intrusion for each vehicle until head contact with
an ATD. The NPRM details 10 research tests in which plate displacement ranged
from 3.2 to 7.3 inches at roof contact with the ATD. Because the present study
looked at midsize SUVs with a narrow range of headroom values relative to the en-
tire fleet, results could not directly address the headroom criterion proposal.

The number of rollover fatalities in the future will be affected by other changes
to the vehicle fleet in addition to roof strength, such as wider availability of ESC
and side curtain airbags, especially those designed to inflate in rollovers. Neverthe-
less, an upgraded standard requiring an SWR value of 2.5 likely would produce
much greater reductions in fatal and incapacitating injuries than estimated by
NHTSA. Further increasing the minimum SWR requirement beyond 2.5 would pre-
vent even more deaths and serious injuries.

Conclusions

Increased vehicle roof strength reduces the risk of fatal or incapacitating driver
injury in single-vehicle rollover crashes. This finding contradicts those from two pre-
vious studies on the topic, but the present study more tightly controlled potential
confounding factors. The study focused on midsize SUVs, but there is no obvious
reason similar relationships would not be found for other vehicle types, although the
magnitudes of injury rate reductions may differ. Any substantial upgrade to the
FMVSS 216 roof strength requirement would produce reductions in fatal and inca-
pacitating injuries that substantially exceed existing estimates.
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INSURANCE INSTITUTE FOR HIGHWAYS SAFETY
Arlington, VA, May 13, 2008
Hon. NICOLE R. NASON,
Administrator,
National Highway Traffic Safety Administration,
Washington, DC.

Supplemental Notice of Proposed Rulemaking; 49 CFR Part 571, Federal Motor Vehi-
cle Safety Standards, Roof Crush Resistance; Docket No. NHTSA-2008-0015

Dear Administrator Nason:

The Insurance Institute for Highway Safety (ITHS) has conducted a study that
demonstrates a direct relationship between roof strength and injury risk reduction
in rollover crashes (Brumbelow et al., 2008). We included this study in our previous
comment to the docket (IIHS, 2008) because of its relevance to the National High-
way Traffic Safety Administration’s (NHTSA) rulemaking under Federal Motor Ve-
hicle Safety Standard (FMVSS) 216.

Finding that stronger roofs reduce the risk of injury in rollover crashes, the ITHS
study contradicts two previous studies on the topic (Moffatt and Padmanaban, 1995;
Padmanaban et al., 2005). Two authors of these earlier studies have submitted a
comment and additional analysis to NHTSA (Padmanaban and Moffatt, 2008), ques-
tioning the ITHS study and concluding that “stronger roofs are not safer roofs.”

The comments by Padmanaban and Moffatt (2008) contain misleading statements
about the ITHS study that are detailed in item 6 of the attached document, “Logical
and Statistical Errors in Comments by Padmanaban and Moffatt on the Insurance
Institute for Highway Safety Study, ‘Roof Strength and Injury Risk in Rollover
Crashes.”” In addition, the analytical tactics recommended and wused by
Padmanaban and Moffatt depart in fundamental ways from appropriate use and in-
terpretation of statistical results (see item 4). Of most concern is their insistence
on including ejection, belt use, and alcohol use as control variables in their analysis
when, in fact, these variables are either direct outcomes of roof crush strength or
affected by the dependent variable, injury risk. Inclusion of them in the analysis ob-
fuscates the real effects of roof strength on injury risk (see items 1-3).

These concerns are detailed in the attachment. We would be happy to discuss the
issues further if NHT'SA has questions.

Sincerely,
ADRIAN K. LUND, PH.D.,
President.

cc: Docket Clerk, Docket No. NHTSA-2008-0015

ATTACHMENT

Logical and Statistical Errors in Comments by Padmanaban and Moffatt on
the Insurance Institute for Highway Safety Study, “Roof Strength and
Injury Risk in Rollover Crashes”

1. Ejection is an outcome of rollover and is influenced by roof strength. Including
ejection as a predictor of death or serious injury in a rollover crash masks a major
benefit of roof strength.

Padmanaban and Moffat argue that IIHS should have included a number of addi-
tional variables in the predictive model of injuries and deaths in rollovers. One of
these variables is ejection. Their argument is that ejection greatly increases the risk
of injury while “ejection is . . . likely to be unrelated to roof strength” (pg. 1).

a. This argument is illogical. Roof strength may not affect injury risk once a
person is ejected, but a strong roof may prevent occupants from being ejected
in the first place. Preventing an occupant compartment from collapsing obvi-
ously can reduce ejection risk by preventing broken glazing and deformed struc-
ture, which create ejection paths.

b. This argument is testable. Using the midsize SUVs in the ITHS study, ITHS
researchers investigated the relationship between roof strength and ejection
risk with an additional analysis. The risk of ejection was 31 percent lower for
each l-unit increase in peak roof strength-to-weight ratio (SWR) measured
within 5 inches of plate displacement (p-value of 0.004). Appendix A reports de-
tails of this analysis. Clearly, ejection risk is not “unrelated to roof strength.”
c. By treating ejection as a risk factor unrelated to roof strength, when reduced
ejection risk is one of the benefits of stronger roofs, Padmanaban and Moffatt
bias thelz{ir analysis against finding a relationship between roof strength and in-
jury risk.
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d. Padmanaban and Moffatt’s concern about ejection implies that roof strength
does not matter if ejected occupants are not counted. However, a new ITHS
analysis limited to drivers coded by police as not having been ejected reveals
that stronger roofs reduced injury risk among these drivers. Many of the fatal
and incapacitating injuries in the overall analysis were sustained by ejected
drivers, but risk reductions for drivers not ejected were statistically significant
and very similar to the overall analysis. Appendix B reports the full results.

2. Belt use cannot be used in a model evaluating roof strength and injury likeli-
hood because information about belt use in crashes is inaccurate, incomplete, and
subject to influence by the injury outcomes.

Another variable that Padmanaban and Moffat argue should be included as a con-
trol (predictor) variable in the ITHS study is police-reported belt use. According to
Padmanaban and Moffat, “It is well known that the majority of rollover KA injuries
and fatalities are to unbelted occupants, mostly ejectees” (pg. 2) and, later, “. . . 56
percent of the fatalities and 28 percent of the serious/fatal injuries were unbelted
and completely ejected” (pg. 5). As a result, Padmanaban and Moffat conclude that
belt use should have been a predictor variable. However, because this variable is
difficult to know with precision, inclusion as a predictor variable can bias any anal-
ysis of roof strength.

a. The principal source of bias in belt use codes is that police-coded belt use is
subject to distortion by crash outcomes. No official typically is present to ob-
serve belt use prior to a crash. Instead, police must judge belt use based on in-
formation gathered after the crash including statements by occupants about
their own belt use, statements by witnesses to the crash and, significantly, the
presence of injuries and whether police believe they are consistent or incon-
sistent with belt use. In other words, Padmanaban and Moffat include in their
analysis a variable that is itself subject to influence by the outcome (injury se-
verity and pattern) to be predicted. In addition, occupant statements about belt
use are influenced by the fact that it is illegal in most states to be unbelted.
A result of these twin biases is that belt use in crashes can be overestimated,
especially for occupants with lesser injuries whose claims of belt use are more
believable (Schiff and Cummings, 2004). Models including belt use as a pre-
dictor of injury severity not only introduce general inaccuracy but also overesti-
mate the effect of belt use on reducing injury, simultaneously masking the ef-
fects of any other variables.

Evidence of the bias toward overestimating belt use in the dataset used in the
ITHS study is provided by comparisons with NHTSA’s National Occupant Pro-
tection Use Survey (NOPUS), which records rates of belt use for the general
population observed during daylight hours. During the calendar years of the
ITHS study, NOPUS data show driver belt use averaging 70-75 percent, which
is lower than the 83 percent recorded by police for drivers in the rollover crash-
es in the ITHS study. It is unlikely that drivers involved in single-vehicle roll-
over crashes, many of which occur at night when belt use rates are lower
(NHTSA, 2005, 2007), were wearing belts more often than the general popu-
lation during daylight hours.

b. Because of these problems, ITHS did not include belt use as a predictor. How-
ever, ITHS did examine whether the effects varied by coded belt use. As re-
ported in the study, additional statistical models were run for occupants coded
as belted (83 percent), for those coded as unbelted (10 percent), and for those
coded as unknown (7 percent).

i. For those coded as belted, the pattern of effects of roof strength varied
little from the overall analysis. This is not surprising because most drivers
in the study were coded as belted. In addition, if belt use is miscoded, as
argued above, then many of the drivers actually were unbelted, again
meaning that this analysis is very similar to the overall analysis.

ii. For those coded as unknown, the pattern also was quite similar to the
overall analysis. Again, this is not surprising because the unknown group
also included both belted and unbelted occupants.

iii. Effects estimated for those coded as unbelted were much smaller, but
this would be expected from the twin biases noted in item 2.a. It is likely
many of those coded as unbelted received their codes because their injuries
were serious and inconsistent with belt use. This bias would occur for both
weak and strong roofs, masking the effect of roof strength by assigning
higher weight to the (overestimated) effect of belt use.
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The conclusion from these separate analyses is that coded belt use does not
affect the estimated effect of roof strength on injury severity, except in a
way that would be expected from the biases and inaccuracies inherent in
police-coded belt use.

3. Like police-coded belt use, police-coded alcohol involvement in crashes is incom-
plete, inaccurate, and may be related to the injury severity. Besides, Padmanaban
and Moffatt offer no justification other than the empirical relationship, which could
be spurious, for including alcohol use codes in the prediction equation.

a. Results of blood alcohol concentration (BAC) tests are the most objective
measures of the presence of alcohol, but only a small percentage of crash-in-
volved drivers typically are tested. Queries of the state databases used in the
ITHS study show that about 11 percent of the drivers studied were tested.
Padmanaban and Moffatt report using a combination of BAC test results and
“had been drinking” codes. They do not specify in their comments to NHTSA
what percentage of the codes resulted from actual BAC tests, what codes were
used for those not tested, or the extent of missing data. In response to an ITHS
inquiry, they provided this additional information:

i. Of drivers identified in their analysis as positive for alcohol use, about
18 percent were tested. About 13 percent tested positive, and 5 percent
were coded as having positive alcohol use despite negative BAC tests. Thus
5 percent were coded as positive for alcohol despite chemical tests to the
contrary.

ii. For drivers without BAC test results, Padmanaban and Moffatt deter-
mined alcohol use from a variety of codes regarding police judgment of alco-
hol use or factors contributing to the crashes. When alcohol was not listed
as a factor, alcohol use was coded as negative.

b. It is incorrect to assume that all of the drivers not tested were alcohol-free
based on police not listing alcohol as a contributing factor to the crashes. Ac-
cording to Moskowitz et al., (1999), police most often cite breath odor in deter-
mining alcohol involvement in traffic offenses, but the ability to detect this odor
is unreliable even under controlled laboratory conditions.

c. It is likely that reported alcohol use is spuriously related to injury outcome
because more seriously injured people are more likely to undergo close examina-
tion. About half of the states included in the ITHS study mandate BAC testing
of fatally injured drivers (NHTSA, 2004), creating inherent reporting bias be-
cause the likelihood of testing is correlated with injury outcome. Padmanaban
and Moffatt do not report or account for this bias.

d. It is likely that factors such as crash severity, vehicle damage, and driver
age and gender have some influence on whom police choose to test for alcohol
as well as which crashes they judge to be influenced by alcohol. Previous re-
search has found that driver age and gender affect which drivers at sobriety
checkpoints are judged not drinking (Wells et al., 1997).

e. Although alcohol clearly increases crash likelihood, Padmanaban and Moffatt
offer no explanation of how alcohol increases the likelihood of K/A injury, given
that a crash already has occurred. Absent convincing evidence that alcohol in-
creases the susceptibility of human tissue and bones to injury, the primary de-
terminants of whether an injury occurs to alcohol-impaired or sober occupants
are the forces experienced during the crash. It might be argued that sober driv-
ers’ rollover crashes would be more severe, and their injurious forces greater,
than those of drinking drivers because more extreme circumstances would be
required for the sober drivers to lose control of their vehicles or leave the road.
But this argument leads to the opposite of the effect claimed by Padmanaban
and Moffatt. Any empirical relationship to the contrary observed between alco-
hol and K/A injury likelihood is likely to be spurious and related to the absence
of objective evidence of alcohol involvement after a crash has occurred.

4. Padmanaban and Moffatt’s docket submission is based on unsound and incon-
sistent statistical treatment. It contains numerous misstatements and omissions that
undermine its conclusions.

a. They either misunderstand or misconstrue the fundamental concepts of sta-
tistical estimation and significance testing. The object of a study of roof strength
is to obtain the best estimate permitted by the data. In this context, statistical
significance is only a way of representing how often one expects to be wrong
in concluding that the observed estimate is indicative of a real non-zero effect.
Padmanaban and Moffatt claim that if the estimated effect of roof strength on
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injury risk is found to be “not significant, then the lives saved [by strengthening
roofs] could just as well be zero or negative” (pg. 2). This trivializes the process
of statistical estimation in a way that is fundamentally misleading.

i. It is misleading to treat any estimate with a p-value slightly above 0.05
as if it were drastically different from estimates with p-values slightly
below 0.05. For example, among the effects estimated for reductions in the
likelihood of driver death with increased roof strength, the p-value for SWR
within 5 inches of crush was slightly greater than 0.06. This means that
if one were to conclude that an effect this large is different from zero, one
would expect to be wrong about 6 times out of 100 (a p-value of 0.05 would
lower the error risk only slightly, to 5 times in 100). This 6 percent error
risk also means that the likelihood of seeing effects as large as that esti-
mated for roof strength when the true effect is zero or negative is only
about 3 in 100. Padmanaban and Moffatt misrepresent the logic of statis-
tical estimation and misconstrue the implications of significance testing.

ii. This illogical approach leads them to ignore the overwhelming consist-
ency of the results of the ITHS study. Their docket submission suggests that
a single ITHS estimate for injury risk reduction that was not significant at
the 0.05 level contradicts and invalidates the overall finding that stronger
roofs reduce injury risk. Of the 12 estimates for K/A injury risk related to
roof strength measured in 4 different ways and at 3 different crush dis-
tances, all were significant at p < 0.0001. For the 12 estimates for K injury
risk, 9 were significant at p < 0.0001, 2 at p < 0.05, and 1 at p < 0.07.
Robustness of an empirical pattern when measured in different ways is
much more important than the fact that 1 of 24 tests did not meet an arbi-
trary level of p < 0.05.

b. The docket submission does not include sample sizes for any of Padmanaban
and Moffatt’s 7 statistical models. In response to subsequent requests by ITHS,
they indicated sample sizes ranging from 1,352 to 20,010. These details should
have been included in the discussion of their statistical modeling, especially
given their ill-advised reliance on levels of statistical significance for interpreta-
tion of results. For example, they emphasize that odds ratios in the ITHS study
were not statistically significant for the subset of drivers that police coded as
unbelted, asserting that this means roof strength is not beneficial for these oc-
cupants. However, these drivers account for only 10 percent of the total sample,
limiting the power to detect statistically significant effects.

c¢. Padmanaban and Moffatt do not give parameter estimates for the predictors
of injury risk they chose to include in their comment. Without these, it is un-
known whether the effects being estimated by their models are consistent or re-
alistic relative to some underlying reasonable theory. Subsequent ITHS inquiries
produced some, but not all, of the parameter estimates (see item 5.a.i. below).

d. Padmanaban and Moffatt do not present p-values for their additional param-
eters in the model that looked at fatality risk, saying only that roof SWR was
not significant at a p-value of 0.10. It is possible that some variables previously
claimed to be major factors (alcohol, belt use, ejection status) in injury outcome
were not significant in this model.

5. Padmanaban and Moffatt’s docket submission is based on questionable engineer-
ing judgment.

a. They stress the importance of aspect ratio (height divided by track width) in
previous research and criticize ITHS for excluding it. In their reproduction of the
ITHS study, they find it statistically significant. This is problematic for 4 rea-
sons:

i. Based on data provided to ITHS, their models predict greater injury risk
in SUVs with larger aspect ratios. This directly contradicts their previous
studies, which reported decreased injury risk for vehicles with larger aspect
ratios. Padmanaban and Moffatt do not explain or even disclose this fact
in their submission to NHTSA.

ii. They do not offer a hypothesis for how the shape of these SUVs, as de-
fined by aspect ratio, would affect injury risk. This also is true of their pre-
vious research, although they have stated that it is unrelated to differences
in headroom. If the small geometric differences between these midsize
SUVs are important in the rollover crash dynamics, more meaningful meas-
urements would include maximum vehicle width or vehicle width at the
height of the roof.
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iii. The range of aspect ratios given for these vehicles is very small. Height
and track width vary by up to only about 2 inches.

iv. There is enough variation in the specified height and track width meas-
urements between model years of several of the study vehicles to invalidate
whatever data were used.

b. Padmanaban and Moffatt do not seem to understand the ITHS motivation for
including static stability factor (SSF) in the statistical models, stating that “the
purpose of the ITHS study and of ours was to evaluate the likelihood of serious/
fatal injuries given a rollover and not the likelihood of rollovers.” The ITHS
study clearly explains why SSF may be correlated to crash severity: By defini-
tion, more stable vehicles require more severe events to cause them to roll over.

c. Padmanaban and Moffatt do not explain why vehicle weight should be in-
cluded in two different places in their statistical models. They include it both
as an independent variable and in the calculation of SWR.

6. Padmanaban and Moffatt misrepresent the IIHS study.

a. They say they “agree [with the ITHS study] that SWR within 5 inches is the
most useful and universally accepted roof strength metric,” but the ITHS study
makes no such claim. Its calculations of lives saved use this metric simply be-
cause FMVSS 216 uses the same metric. SWR within 5 inches of plate displace-
ment is 1 of 12 roof strength metrics IIHS evaluated, and several of the other
metrics predict greater reductions in injury risk across the range of tested vehi-
cles. Even with their problematic predictors, it is possible that Padmanaban and
Moffatt would have found statistically significant results with different roof
strength metrics.

b. Padmanaban and Moffatt claim that the regression line in Figure 1 of the
ITHS study is the “primary finding” and later in their submission to NHTSA
dedicate much time to discussing this line. However, they separately state their
understanding that the plot is included “solely to present a visual representa-
tion of their raw data. [IIHS does] not rely upon it in any way for their conclu-
sions.” This second statement is correct, and it is disingenuous to criticize the
statistical fit of a plot presented for visualization and understood to be uncor-
rected for known confounding factors.

c. They claim ITHS used the estimate for the reduction of fatal and incapaci-
tating injury in the lives-saved calculations because the fatality estimate alone
was not statistically significant (see items 4.a.i. and 4.a.ii. above). However, the
former estimate was used because it is based on more observations (of injuries)
and therefore likely to be more accurate. For the other 11 roof strength metrics,
little variation was observed between effect estimates for K/A injury and for
fatal injury, so the choice was well founded.

d. Padmanaban and Moffatt say their analysis does not “differ significantly
from [ITHS] raw data counts” but do not give any details. Responses to subse-
quent requests from ITHS indicate their analysis includes 2,807 fewer drivers
overall and 100 more drivers with fatal or incapacitating injuries. These dif-
ferences are not explained. Padmanaban and Moffatt fail to demonstrate that
their data and analysis replicate the ITHS study before including additional pre-
dictor variables. If their initial analysis cannot replicate ITHS’s, then none of
their subsequent claims are applicable to the current discussion.

7. Padmanaban and Moffait’s docket submission and associated analysis cannot
be fully evaluated due to the lack of detailed information about data sources, meth-
ods, and results.

In contrast, ITHS methods and findings are fully described in the study. ITHS staff
further assisted JP Research in understanding the construction of the statistical
models used in the study. All information necessary to reconstruct the ITHS study
is available to the public.

a. For some additional predictor variables, unexplained discrepancies exist be-
tween the data counts in the state files and the counts JP Research reported
to ITHS. For example, JP Research reports that ejection status was known for
all but 2,198 drivers, whereas ITHS observed that ejection status was coded as
unknown or completely missing for 8,713 drivers in the state data files. It would
be useful to know how JP Research obtained the ejection status for their anal-
yses.

b. The docket submission includes statements about the methods used in their
two previous studies that were not disclosed in that research. For example, the
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submission claims that both earlier studies controlled for ejection and rural/
urban land use, but their 2005 study mentions neither among the factors in-
cluded in the logistic regression models. The docket comment says “all our pre-
vious models also controlled for states, though it was not explicitly stated in the
reports” (pg. 3). It is impossible to judge the credibility of any study when im-
portant details are omitted about how the research was conducted.

c. Padmanaban and Moffatt report access to the results of other roof strength
tests of the ITHS study vehicles that differ substantially from the ITHS results.
These other results are not public, so it is impossible to determine their rel-
evance. Previous research by Padmanaban and Moffatt included confidential
tests conducted by vehicle manufacturers on non-production vehicles (Moffatt
and Padmanaban, 1995; Padmanaban et al., 2005), and we do not know the na-
ture of any additional test data on ITHS study vehicles.

d. As detailed above, Padmanaban and Moffatt exclude several important facts
that were revealed to ITHS only after follow-up inquiries to JP Research (see
items 3.a., 4.b., 4.c., 5.a.i., 6.d. and 7.a.).

Appendix A—Relationship Between Roof Strength and Ejection Risk

To address Padmanaban and Moffatt’s claim that ejection is “likely to be unre-
lated to roof strength,” ITHS conducted a logistic regression analysis of ejection like-
lihood based on roof strength. Vehicle and crash data were the same as in ITHS’s
analysis of vehicle roof strength and injury risk (Brumbelow et al., 2008). Figure 1
shows the relationship in the raw data between peak roof SWR within 5 inches of
plate displacement and ejection rate before adjusting for any potentially confounding
factors. Of 22,817 rollover crashes of study vehicles, police coded 13,086 drivers as
not ejected, 1,018 as fully or partially ejected, and the rest were coded as unknown
or had missing values. Only the drivers with known ejection status were included
in this analysis. Table 1 presents results of the logistic regression model controlling
for the effects of state, driver age, and vehicle SSF. For a 1-unit increase in peak
SWR, ejection risk was reduced 32 percent. For each 10-year increase in driver age,
there was an 11 percent decrease in ejection risk. Both of these results are statis-
tically significant at the 0.05 level. An increase in SSF of 0.1 was predicted to in-
crease ejection risk by 4 percent, but this result was not statistically significant at
the 0.05 level.

Figure 1 — Rates of full or partial driver ejection by peak SWR within 5 inches of plate
displacement
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Table 1.—Results of Logistic Regression Model for Risk of Ejection

Parameter Odds ratio
Roof SWR within 5 inches (1-unit increase) 0.68*
Driver age (10-year increase) 0.89*
SSF (0.1-unit increase) 1.04

* Statistically significant at 0.05 level.

Appendix B—Relationship Between Roof Strength and Injury Risk for
Drivers Coded as Not Ejected

The logistic regression model described in Appendix A demonstrates that reducing
the risk of driver ejection is one benefit of stronger roofs. Also of interest is how
stronger roofs benefit drivers who remain inside a vehicle during a rollover crash.
Police coded 13,086 drivers in the ITHS study as not ejected. Figure 2 shows the
relationship between the rate of fatal or incapacitating injury among the nonejected
drivers and the peak roof SWR measured within 5 inches of plate displacement for
each of the vehicles. The figure plots the raw data before adjusting for any con-
founding factors. Controlling for state effects, SSF, and driver age, a logistic regres-
sion model estimated a 27 percent reduction in the risk of fatal or incapacitating
driver injury for a 1l-unit increase in peak SWR within 5 inches of plate displace-
ment. Nearly identical to the risk reduction estimated for all drivers in the ITHS
study (see Table 2), this result is not surprising because nonejected drivers rep-
resent 93 percent of all drivers with known ejection status. A 10-year increase in
driver age was predicted to increase the risk of K/A injury by 18 percent. A 0.1-
unit increase in SSF was associated with a 6 percent increase in K/A injury risk.
The odds ratios for SWR and driver age were significant at the 0.05 level, but the
odds ratio for SSF was not.

Figure 2 — Rates of fatal or incapacitating driver injury by peak SWR within 5 inches of plate
displacement
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Table 2.—Results of Logistic Regression Model for Risk of Fatal or Incapacitating Injuries
for Drivers Coded as Nonejected by Police and for All Drivers

Odds ratio for
drivers coded | Odds ratio for
Parameter as nonejected all drivers
Roof SWR within 5 inches (1-unit increase) 0.73% 0.72%
Driver age (10-year increase) 1.18% 1.12%
SSF (0.1-unit increase) 1.06 0.96

*Statistically significant at 0.05 level.
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ROLLOVER

Rollover in your SUV, and you want the roof to hold up so you’re protected from
injury, including harm from the roof caving in on you. Every passenger vehicle
meets Federal requirements for roof strength, measured in a test, and some exceed
the requirements by substantial amounts. The question has been whether stronger
roofs actually reduce injury risk in real-world rollover crashes. Some studies have
concluded that the strength of a vehicle’s roof has little or no effect on the likelihood
of injury, but a new Institute study indicates that roof strength definitely influences
injury risk.

Researchers tested SUVs in a procedure similar to what the government requires
automakers to conduct to assess roof strength and then related the findings to the
real-world death and injury experience of the same SUVs in single-vehicle rollover
crashes. The main finding is that injury risk went down as roof strength increased.

Injury rates vary considerably among vehicles in rollovers, and there are still a
lot researchers don’t know about these crashes. For example, is injury risk primarily
from the sudden crushing of the roof? Is it because people crash into the roof when
the vehicle is upside down? Or does the main risk come from full or partial ejection
of occupants when vehicle doors and windows break open during rollover crashes?

“We don’t know just what happens to people in these crashes or what the injury
mechanisms are. What we do know from the new study is that strengthening a vehi-
cle’s roof reduces injury risk, and reduces it a lot,” says Institute president Adrian
Lund.

Extent of the rollover problem: About 35 percent of all occupant deaths occur in
crashes in which vehicles roll over. This problem is worse in some kinds of vehicles
than others. About 25 percent of occupant deaths in crashes of cars and minivans
involve rolling over. The proportion jumps to 59 percent in SUVs.

Of course, the best way to prevent these deaths is to keep vehicles from rolling
over in the first place, and electronic stability control is helping. It’s reducing roll-
over crashes, especially fatal single-vehicle ones, by significant percentages.

“But until these crashes are reduced to zero, roof strength will remain an impor-
tant aspect of occupant protection,” Lund points out.

What the U.S. government requires: Federal Motor Vehicle Safety Standard 216
establishes minimum roof strength for passenger vehicles. Compliance testing in-
volves the application of a metal plate to one side of a roof at a constant speed. The
roof must withstand a force of 1.5 times the weight of the vehicle before reaching
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5 inches of crush. Thus, a vehicle weighing 4,000 pounds has to withstand 6,000
pounds of force while sustaining 5 or fewer inches of crush.

This requirement, in effect since 1973 for cars and 1994 for other passenger vehi-
cles, is in the process of an upgrade. One of the government’s main proposals, issued
in 2005, is to boost the specified force to 2.5 times vehicle weight (see Status Report,
Jan. 28, 2006; on the web at iihs.org). Last month the government indicated it may
consider further altering the standard by testing both sides of vehicle roofs instead
of applying the force to one side only. When the changes were proposed in 2005,
the Institute voiced general support but noted the “surprising lack of evidence” con-
necting the requirements of the standard to real-world rollover crash outcomes.

The new Institute study provides some missing evidence. Across 11 SUVs at 3 dif-
ferent degrees of roof crush—2, 5, and 10 inches—the strongest roofs are associated
with injury risks 39 to 57 percent lower than the weakest roofs. Peak roof strength
at 2 and 10 inches of crush is more highly related to injury risk than at 5 inches.
Based on these findings, the researchers estimate that if the roofs on every SUV
the Institute tested were as strong as the strongest one, about 212 of the 668 deaths
that occurred in these SUVs in 2006 would have been prevented.

“These are big risk reductions, bigger than what the government or anybody else
has established,” Lund says.

The researchers estimate that a 1-unit increase in peak strength-to-weight ratio—
for example, from 1.5 times vehicle weight to 2.5, as the government proposed in
2005—reduces the risk of serious and fatal injury in a rollover crash by 28 percent.
Increasing roof strength requirements beyond 2.5 times vehicle weight would reduce
injury risk even further.

New findings vs. previous studies: Before the Institute’s study, there was no con-
clusive evidence about the specific contribution of a vehicle’s roof strength to occu-
pant protection. The government estimated that proposed changes in Federal roof
strength requirements would save 13 to 44 lives per year.

“This was based on assumptions that were conservative in the extreme,” Lund ex-
plains. “For example, the government assumed zero benefit for unbelted occupants.
We don’t know exactly what the benefit of an upgraded roof strength standard
would be for these occupants, but it would be likely to exceed zero.”

Meanwhile two studies sponsored by automakers, one in 1995 and the other a dec-
ade later, found no relationship at all between roof strength and injury risk in roll-
overs. Findings of the first study prompted General Motors to tell The Detroit News
in 2002, “Good science, long established and well reviewed in the technical lit-
erature, has conclusively demonstrated that there is no relationship between roof
strength and the likelihood of occupant injury given a rollover.” Four years later,
Ford told the government that “substantial and compelling real-world crash data
and laboratory testing have confirmed that simply increasing roof strength will not
measurably reduce the risk of injury or death to vehicle occupants in rollovers.”

A main problem with these studies is that they included all kinds of passenger
vehicles with their substantial differences in driver demographics, rollover propen-
sity, and other factors that confound the results. In contrast, the Institute’s new
study focuses on one kind of vehicle, midsize 4-door SUVs, and tightly controls for
other factors that could confound the results. While the findings are about a limited
number of SUVs, the researchers conclude that the overall finding of reduced injury
risk as roof strength increases would hold for other kinds of vehicles, although the
magnitude of the injury rate reduction may differ among vehicle groups.

Lund adds that the findings “prompt us to expand our research on roof strength
with an eye to supplying consumers with comparisons of how well vehicles protect
people in rollover crashes. A dynamic test with dummies instrumented to measure
injury risk in rollovers would be desirable, but there is a sticking point. First we
have to understand how the movement of dummies in controlled tests could reflect
how real people move in real-world rollovers. Meanwhile, simpler roof strength
measurements could provide useful consumer information.”

Details of the study: The Institute study is a two-part analysis involving vehicle
testing and examination of the outcomes of real-world rollover crashes. Eleven
midsize 4-door SUVs were subjected to a test similar to the one run by automakers
to comply with Federal roof strength requirements (the manufacturers’ own test
data aren’t public information). The 11 SUVs exclude features that might affect in-
jury rates in rollovers such as side curtain airbags and electronic stability control
(see p. 2). To assess the range of roof strength among the SUVs, researchers applied
force to the roofs until crush reached 10 inches, measuring the peak force required
for 2 inches of crush, 5 inches, and 10 inches. Because crush in a rollover can de-
pend on vehicle weight as well as roof strength, the researchers calculated strength-
to-weight ratios for each degree of crush. They also measured the amount of energy
absorbed by each roof at each degree of crush and, again taking vehicle weight into
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account, the height from which the vehicle would have to be dropped to produce
equivalent energy absorption.

By almost any of these measures, the strongest roof was on the 2000-04 Nissan
Xterra while one of the weakest was on the 1999-2004 Jeep Grand Cherokee. With-
in 5 inches of crush, the Jeep withstood a force as high as 6,560 pounds, which
amounts to 1.64 times the weight of the 4-wheel-drive version and 1.72 times the
weight of the 2-wheel-drive. The corresponding figure for the Xterra was 11,996
gopnds, or 2.93 times the weight of the 4-wheel-drive and 3.16 times the 2-wheel-

rive.

Having established the range of roof strength among the SUVs, the researchers
studied almost 23,000 real-world rollovers of the same 11 SUVs during 1997-2005.
This information was collected from 12 states with sufficient data on police-reported
crashes to comply with study criteria.

Logistic regression was used to assess the effect of roof strength on the likelihood
of driver injury in the rollover crashes of the 11 SUVs. The regression controlled
for state-to-state differences in methods of reporting crashes, terrain, urbanization,
etc.; vehicle stability; and driver age. Results indicate the various injury risks given
the various SUV roof strengths.

“No matter what measurement of roof strength we used or whether we measured
at 2 or 5 or 10 inches of crush, we found a consistent relationship between roof
strength and injury risk,” Lund points out.

The relationship between roof strength-to-weight ratio and injury risk was strong-
er at 2 inches than at 5 inches, the crush specified for testing under the Federal
standard (the government doesn’t require automakers to assess roof strength at 2
or 10 inches). At 5 inches, the predicted injury risk for people in SUVs with roof
strength-to-weight ratios as strong as the Xterra’s would be 39 percent lower than
for people in vehicles with roof strength like the Grand Cherokee’s. At 2 inches of
crush, the difference in predicted injury risk is 51 percent.

The 11 SUV designs in the study include the 1996-2004 Chevrolet Blazer, 2002—
05 Chevrolet TrailBlazer, 1998-2003 Dodge Durango, 1996-2001 Ford Explorer,
2002-04 Ford Explorer, 1996-98 Jeep Grand Cherokee, 1999-2004 Jeep Grand
Cherokee, 2002-05 Jeep Liberty, 1997-2004 Mitsubishi Montero Sport, 2000-04
Nissan Xterra, and 1996—-2000 Toyota 4Runner.

For a copy of “Relationship between roof strength and injury risk in rollover
crashes” by M.L. Brumbelow et al., write: Publications, Insurance Institute for High-
way Safety, 1005 N. Glebe Rd., Arlington, VA 22201, or e-mail publica
tions@iihs.org.

The rate of neck injury complaints is 15 percent lower in cars and SUVs with
seat/head restraint combinations rated good compared with poor. The results for se-
rious injuries are more dramatic. Thirty-five percent fewer insurance claims for neck
injuries lasting 3 months or more are filed for cars and SUVs with good seat/head
restraints than for ones rated poor.

These are the main findings of a new Institute study of thousands of insurance
claims filed for damage to vehicles, all 2005-06 models, that were struck in front-
into-rear impacts. Conducted in cooperation with State Farm and Nationwide, the
study is the first time seat/head restraint ratings based on dynamic tests conducted
by the Institute have been compared with real-world neck injury results.

“In stop and go traffic, you're more likely to get in a rear-end collision than any
other kind of crash, so you're more likely to need your seat and head restraint than
any other safety system in your vehicle,” says David Zuby, the Institute’s senior vice
president for vehicle research. “This is why it’s so important to fit vehicles with
seats and head restraints that earn good ratings for saving your neck.”

The Institute has been measuring and rating head restraint geometry since 1995.
The higher and closer a restraint is, the more likely it will be to prevent neck injury
in a rear collision. In 2004 the Institute added a dynamic test simulating a rear
crash to refine the ratings. Vehicles are rated good, acceptable, marginal, or poor
based on both restraint geometry and test results (see Status Report, Nov. 20, 2004;
on the web at iihs.org). The same rating system is used internationally by a consor-
tium of insurer-sponsored organizations, the International Insurance Whiplash Pre-
vention Group.

An estimated 4 million rear collisions occur each year in the United States. Neck
sprain or strain is the most serious injury in one-third of insurance claims for inju-
ries in all kinds of crashes. The annual cost of these claims exceeds $8 billion annu-
ally.

While findings about real-world neck injury in vehicle seats rated good and poor
are clear, those for seats rated acceptable and marginal aren’t as clear. There wasn’t
any reduction in initial neck injury complaints for acceptable and marginal seats,
compared with poor, though long-term neck injuries were reduced.
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“The long-term injuries are the very ones we want to reduce because they’re the
most serious,” Zuby points out. “While many neck injuries involve moderate discom-
fort that goes away in a week or so, about one of every four initial complaints still
was being treated 3 months later. These longer term injuries involve more pain and
cost more to treat. Theyre being reduced about one-third in vehicles with seat/head
restraints rated good compared with poor. Serious neck injuries also are being re-
duced in seats that are rated acceptable or marginal.

Improvements: More and more passenger vehicles are being equipped with seats
and head restraints rated good. When the Institute started evaluating and com-
paring the geometry of the head restraints in 1995 model cars, only a handful were
rated good and 80 percent were poor. Then the automakers responded, and by 2004
about 4 of every 5 head restraints had good or acceptable geometry (see Status Re-
port, Nov. 20, 2004; on the web at iihs.org). Similarly, the dynamic performance of
seat/head restraint combinations is improving. Only 12 percent of 2004 model cars
had combinations rated good, but by the 2007 model year the proportion had in-
creased to 29 percent (see Status Report, Aug. 4, 2007; on the web at iihs.org).

These improvements are being driven not only by ratings of seat/head restraints
published by the Institute and other insurer-sponsored groups but also by a U.S.
standard that will require the restraints to extend higher and fit closer to the backs
of people’s heads by the 2009 model year. In the United States, automakers also
have been spurred by the Institute’s TOP SAFETY PICK award. To win this des-
ignation, a vehicle has to earn good ratings in all three tests—front, side, and rear.

How the injuries occur: When a vehicle is struck in the rear and driven forward,
its seats accelerate occupants’ torsos forward. Unsupported, an occupant’s head will
lag behind this forward torso movement, and the differential motion causes the neck
to bend and stretch. The higher the torso acceleration, the more sudden the motion,
the higher the forces on the neck, and the more likely a neck injury is to occur.

Factors that influence neck injury risk include gender and seating position in ad-
dition to the designs of seats and head restraints. Women are more likely than men
to incur neck injuries in rear crashes, and front-seat occupants, especially drivers,
are more likely to incur such injuries than people riding in back seats.

The key to reducing whiplash injury risk is to keep an occupant’s head and torso
moving together. To accomplish this, the geometry of a head restraint has to be ade-
quate—high enough and near the back of the head. Then the seat structure and
stiffness must be designed to work in concert with the head restraint to support an
?ccupaalt’s neck and head, accelerating them with the torso as the vehicle is pushed
orward.

About the study: To correlate seat/head restraint ratings with real-world neck in-
jury risk, researchers studied about 3,000 insurance claims associated with rear
crashes of 105 of the 175 passenger vehicles (2005-06 models) for which the Insti-
tute has ratings based on both restraint geometry and seat performance in dynamic
tests. The claims were filed with State Farm Mutual Insurance and Nationwide In-
surance, which together account for more than 20 percent of the personal auto in-
surance premiums paid in the United States in 2005. The researchers modeled the
odds of a neck injury occurring in a rear-struck vehicle as a function of seat ratings
(good, acceptable, marginal, or poor), while controlling for other factors that also af-
fect neck injury risk, such as vehicle size and type and occupant age and gender.

The percentage of rear-struck drivers with neck injury claims was 16.2 in vehicles
with seats rated good, based on dynamic testing. Corresponding percentages were
21.1 for seats rated acceptable, 17.7 for marginal seats, and 19.2 for poor ones. Neck
injuries lasting 3 months or more were reported by 3.8 percent of drivers in good
seats, 4.7 percent in acceptable seats, 3.6 percent in marginal seats, and 5.8 percent
in seats rated poor.

“What these data show is that we’re pushing seat designs in the right direction,”
Zuby says, “Results for acceptable and marginal seats weren’t as clear as for good
seats. Initial neck injury claims weren’t significantly lower than for poor seats. Still
we saw reductions in claims for serious neck injuries in acceptable and marginal
seats as well as in good ones.”

This is the third study the Institute has conducted that indicates the superiority
of seat/head restraint combinations rated good for reducing neck injury risk. In 1999
the Institute found that head restraints rated good for geometry alone had lower
insurance claims for neck injuries. In 2003 Institute researchers expanded the data,
finding that modern features such as head restraints that automatically adjust in
rear-end collisions and seats that absorb energy also reduce insurance claims.

For a copy of “Relationship of dynamic seat ratings to real-world neck injury
rates” by C.F. Farmer et al., write: Publications, Insurance Institute for Highway
Safety, 1005 N. Glebe Rd., Arlington, VA 22201, or e-mail publications@ iihs.org.
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Importance of ESC and Side Airbags

Vehicle roof strength is crucial to occupant protection in rollover crashes. Other
features are effective, too, in both preventing such crashes in the first place and pro-
tecting people when their vehicles do roll. Researchers estimate that electronic sta-
bility control, or ESC, reduces the risk of a fatal single-vehicle rollover by about 69
percent for all passenger vehicles and 72 percent for SUVs in particular. Side cur-
tain airbags are expected to reduce the risk of death in the rollovers that still occur.

“These technologies are essential,” Institute president Adrian Lund points out,
“but electronic stability control doesn’t completely eliminate rollover crashes, and
side airbags aren’t the only protection occupants need if they do roll over. This is
why we have to pay attention to the roof. If a vehicle’s roof is strong enough to ab-
(siorb the energy of a rollover without caving in on its occupants, injury risk goes

own.”

Electronic stability control monitors vehicle response to driver steering and ap-
plies the brakes on individual wheels to maintain the path that’s indicated by the
steering wheel position (see Status Report, June 13, 2006; on the web at iihs.org).
This technology is standard or optional on about two-thirds of all current passenger
vehicle models. Side airbags are standard or optional in about 80 percent.

Strong vs. Weak

The difference in roof strength was obvious when the Nissan Xterra and Ford Ex-
plorer, both 2000 models, were subjected to a crushing force of up to 10,000 pounds.
The Xterra’s roof crushed about 2 inches, and damage is hardly visible except for
a cracked windshield. Meanwhile the Explorer’s roof crushed 10 inches, caving far
into the occupant compartment even before reaching 10,000 pounds of force.

Rollovers in Which Drivers Died Demonstrate Need for Strong Roofs on
SUVs

The drivers of these SUVs died when their vehicles overturned. It’s a big prob-
lem—more than half of all occupant deaths in SUVs occur in rollover crashes. New
research indicates that strengthening vehicle roofs would reduce this problem. If the
roof on every SUV were as strong as the best one the Institute tested, injury risk
in rollover crashes could be reduced 39 to 57 percent. These are very big risk reduc-
tions, bigger than the Federal Government or anybody else has established.
Injuries in Rear Crashes

These vehicles didn’t sustain a lot of damage when they were struck from behind,
but the drivers were treated for injuries suffered in the impacts. Neck sprains and
strains are the most serious problems reported in about 1 of 3 insurance claims for
injuries. This problem could be reduced by equipping vehicles with seat/head re-
straints rated good, based on Institute tests. Twenty-nine of all recent model cars
and 22 perent of other passenger vehicles have systems rated good for protection
against neck injury.

Senator PRYOR. Thank you.
Mr. Strassburger?

STATEMENT OF ROBERT STRASSBURGER, VICE PRESIDENT,
VEHICLE SAFETY AND HARMONIZATION, ALLIANCE OF
AUTOMOBILE MANUFACTURERS

Mr. STRASSBURGER. Thank you, Mr. Chairman.

As an engineer, I'm here today representing the thousands of
auto engineers who are working around the clock to make cars
safer. We show up to work each day to make a difference.

At the Alliance, safety is our highest priority, and therefore, we
support Congress’s comprehensive plan to further reduce rollover-
related risk, injury risk, including strengthening roofs.

Rollovers are a significant safety problem. In 2006, roughly
10,000 people died in rollover crashes, but government data also
show that rollover rates are declining. In fact, over the last 10
years, the SUV rollover fatality rate is down by about 30 percent,
and we want them to go even lower.
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There are many reasons for this decline, including the voluntary
introduction, installation of advanced safety technology, such as
electronic stability control, side-curtain airbags, safety belts with
pretensioners, safety belt reminders, increased safety belt usage,
and consumer information. We are proud of our successes in volun-
tarily introducing safety advancements that help drivers avoid roll-
overs and enhance occupant protection in rollover crashes.

Rollovers are complex, violent events that require a number of
solutions. Congress wisely recognized this when it adopted its com-
prehensive plan in SAFETEA-LU, which we supported. As the
committee exercises oversight of the proposed roof-strength rule, it
is important to keep in mind that the proposal is one element of
this comprehensive plan. If there is no rollover crash, there will be
no rollover fatality or injury. Therefore, our first priority must be
to reduce the occurrence of rollovers.

As directed by SAFETEA-LU, NHTSA adopted an electronic sta-
bility control rule last spring which the agency estimates will pre-
vent at least half of all rollovers. Alliance members are proud of
the fact that we began installing this technology on vehicles well
before the rule was finalized. Over 80 percent of model year 2008
cars and trucks have ESC available already. Our goal is to make
ESC available on 100 percent of the fleet well in advance of the
model year 2012 requirement.

Should a rollover occur, however, the priority becomes keeping
occupants inside their vehicles. While safety belt use remains the
lynchpin safety technology, SAFETEA-LU directs NHTSA to im-
plement supplemental occupant ejection mitigation technologies.
Here again, automakers are ahead of the regulatory curve, with
over three-quarters of new vehicles having side-curtain airbags
available.

Turning to the specific issues associated with this rulemaking,
the relationship between roof strength and rollover injury risk is
controversial. There are more than three decades of risk analysis
debating whether or not there is a causal relationship between
these parameters. A new analysis by IIHS, just described by Mr.
Oesch, asserts a causal relationship between roof strength and in-
jury risk. While we welcome the IIHS’s input to try to shed light
on this controversial issue, we cannot agree with the conclusions of
their study, for the reasons described in the Alliance’s written
statement.

On the issue of testing, the Alliance agrees with NHTSA that dy-
namic rollover tests for assessing roof strength are not practicable
or repeatable. Repeatability is a problem with dynamic tests, as
slight differences from one test to the next can significantly change
the test outcome.

In conclusion, Alliance members have demonstrated that motor
vehicle safety is our number one priority, through voluntary and
public policy initiatives and through expenditure of many millions
of dollars in safety research and development.

With regard to rollover safety, in particular, Alliance members
have voluntarily implemented technologies that will help drivers
avoid rollovers in the first place and better—and help them better
survive them when they occur.
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Reducing injuries and fatalities from auto crashes is a significant
public health challenge. We appreciate the leadership shown by the
members of this subcommittee to address these issues, and we look
forward to continuing to work with you to make our roads the
safest in the world.

Mr. Chairman, members of the subcommittee, I would be happy
to answer your questions.

[The prepared statement of Mr. Strassburger follows:]

PREPARED STATEMENT OF ROBERT STRASSBURGER, VICE PRESIDENT, VEHICLE SAFETY
AND HARMONIZATION, ALLIANCE OF AUTOMOBILE MANUFACTURERS

Introduction

Thank you Mr. Chairman and members of the Subcommittee. My name is Robert
Strassburger and I am Vice President of Vehicle Safety and Harmonization at the
Alliance of Automobile Manufacturers. The Alliance of Automobile Manufacturers
(Alliance) is a trade association of ten car and light truck manufacturers, including
BMW Group, Chrysler LLC, Ford Motor Company, General Motors, Mazda, Mer-
cedes-Benz, Mitsubishi Motors, Porsche, Toyota and Volkswagen. Within Alliance
membership, safety is our highest priority. Ours is a high-tech industry that uses
cutting-edge safety technology to put people first. In fact, automakers invest more
in research and development than any other industry, including pharmaceuticals
and computers, according to the National Science Foundation. In 2005 alone, auto-
makers invested $40 billion, roughly $2,400 for every car and light truck sold in the
U.S. that year. We support NHTSA’s comprehensive plan to further reduce rollover-
related injury risks, including strengthening vehicle roofs, and we are proud of our
successes in voluntarily introducing critical safety advancements that help drivers
avoid rollovers and enhance occupant protection in rollover crashes.

Industry, Consumers and Motor Vehicle Safety

Advancing motor vehicle safety remains a significant public health challenge—one
that automakers are addressing daily, both individually and collectively. Most of the
new, significant safety features currently available on motor vehicles in the U.S.—
antilock brakes, stability control, side airbags for head and chest protection, side
curtains, pre-crash occupant positioning, lane departure warnings, radar use for col-
lision avoidance were implemented voluntarily by manufacturers, not as a result of
any regulatory mandate. The industry is engaged in high-tech research and imple-
mentation of new safety technologies, such as autonomous braking systems and ve-
hicle safety communications systems for crash avoidance. Claims that vehicle safety
will not be advanced in the absence of regulatory requirements simply do not reflect
the reality of the current marketplace. Before addressing specific measures to ad-
dress rollover crashes and injuries, it is important to understand the industry’s ap-
proach to motor vehicle safety. There are several principles to which the industry
adheres.

First, we consider motor vehicle safety to be a public health challenge. Collisions
result in a human toll—approximately 42,000 fatalities and 3 million injuries per
year—and account for an estimated $230 million in direct economic loss. This is why
we work to improve safety. The causes of these fatalities, injuries, and crashes vary
between driver behavior or attention errors, to roadway and vehicle hazards. Ad-
dressing the causes of motor vehicle crashes therefore requires a comprehensive and
system-wide approach that encompasses driver, vehicle, and environmental factors.

Second, as with any public health challenge, it is essential to base policy and im-
provement initiatives on sound science and a robust understanding of crash and in-
jury causation and effective countermeasures. It is also important to use good
science in identifying and prioritizing specific opportunities for improvement. To do
so, high-quality data about the occupant and injury morphology, the environment
in which collision events occur (roadways), and the vehicle are necessary. Therefore,
we support the collection and analysis of collision data and the prioritization of colli-
sion problems by measures of harm (numbers of fatalities, serious injuries, total eco-
nomic cost, lost days of productivity, etc.). Such understanding and information
s{mul? inform and prioritize public policy initiatives aimed at enhancing motor vehi-
cle safety.

Third, safety resources should be expended so as to maximize the safety benefits,
wherever possible, per dollar expended on safety.
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Alliance Members’ Voluntary Actions To Mitigate Rollover Injuries and
Fatalities—Rollover Crashes

According to crash data collected and compiled by the NHTSA, rollovers comprise
approximately 3 percent of all light passenger vehicle crashes and account for al-
most one-third of all occupant fatalities in light vehicles. Rollover fatalities are
strongly associated with the following factors:

Factor Percentage
Single Vehicle Crash 83
Rural Crash Location 60
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

NHTSA has estimated that approximately 64 percent of about 10,000 occupants
fatally injured in rollovers each year are injured when they are either partially or
completely ejected during the rollover. Approximately 53 percent of the fatally in-
jured are completely ejected, and 72 percent are unbelted. Most of the fatally in-
Jured are ejected through side windows or side doors. Those who are not ejected,
including belted occupants, are fatally injured as a result of impact with the vehicle
interior.

Further, agency data indicate that in 95 percent of single-vehicle rollover crashes,
the vehicles were tripped, either by on-road mechanisms such as potholes and wheel
rims digging into the pavement or by off-road mechanisms such as curbs, soft soil,
and guardrails. Eighty-three (83) percent of single-vehicle rollover crashes occurred
after the vehicle left the roadway. Five (5) percent of single vehicle rollovers were
“untripped” rollovers. They occurred as a result of tire and/or road interface friction.

Comprehensive Plan to Abate Rollover Injuries and Fatalities

NHTSA’s proposal to upgrade its safety standard on roof crush resistance is just
one part of a comprehensive agency plan for reducing the serious risk of rollover
crashes and the risk of death and serious injury when rollover crashes do occur. The
other parts of this plan are:

e Vehicle actions reducing the frequency of rollovers—for example, by improving
vehicle stability and control;

e Vehicle actions reducing occupant ejections—for example by introducing side
curtain air bags and increasing safety belt use; and

e Consumer education.

With the adoption of the provisions of SAFETEA-LU, Congress ratified this com-
prehensive plan. Section 10301 of this act directed NHTSA to complete rulemakings
to “reduce vehicle rollover crashes and mitigate deaths and injuries associated with
such crashes.1” The objective of this plan is to, first, help vehicle operators avoid
driving situations that may lead to a rollover—a loss of directional control followed
by a tripping of the vehicle by a curb, or soft earth, etc., and second, reduce injury
to vehicle occupants during rollover events when they occur. NHTSA has taken or
is taking the following actions to implement this plan:

Comprehensive Rollover Fatality & Injury Mitigation Actions

Action COK/{g;SZZIE) ;] al Federal Register Cite Impleg :&tatlon
Dynamic Rollover NCAP Pub. L. 106414 68 Fed. Reg. 59250 MY 2004
Door Latches and Locks Pub. L. 109-59 72 Fed. Reg. 5385 MY 2010
Electronic Stability Control | Pub. L. 109-59 72 Fed. Reg. 17236 MY 2012
Side Impact Protection Pub. L. 109-59 72 Fed. Reg. 51908 MY 2013
Roof Strength Pub. L. 109-59 Due 07/01/08 tbd
Occupant Containment Pub. L. 109-59 Due 10/01/09 tbd

Alliance Members Have Voluntarily Taken a Number of Actions in
Furtherance of NHTSA’s Comprehensive Plan
The Alliance supports NHTSA’s comprehensive plan to further reduce the risks
related to vehicle rollovers, including (1) reducing the occurrence of rollover crashes,
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(2) keeping occupants inside the vehicle when rollovers occur, and (3) enhancing pro-
tection of occupants inside the vehicle during a rollover. Alliance members are com-
mitted to making progress on the introduction of systems that will lead to reduc-
tions in rollover injuries. Members have voluntarily taken a number of proactive
steps in furtherance of these goals. These actions are described briefly below.

Reducing the Occurrence of Rollover Crashes

Electronic Stability Control

By far, the most effective strategy for reducing rollover injuries is crash avoid-
ance. Electronic Stability Control (ESC), a proven crash avoidance system, was vol-
untarily introduced by Alliance members and the volume of vehicles with ESC is
rising rapidly. As of Model Year 2008, 81 percent of the new light vehicle models
on sale are available with ESC (61 percent standard; 20 percent optional). The per-
centage of MY 2008 SUVs with ESC available is even higher. Ninety-five percent
of MY 2008 SUVs are available with ESC (93 percent standard; 2 percent optional).
This is well in advance of MY 2012 when such systems will be required.

ESC systems use automatic, computer-controlled braking of individual wheels to
assist the driver in maintaining control (and the vehicle’s intended heading) in situ-
ations where the vehicle is beginning to lose directional stability (e.g., where the
driver misjudges the severity of a curve or over-corrects in an emergency situation).
In such situations (which occur with considerable frequency), intervention by the
ESC system can assist the driver in maintaining control of the vehicle and keeping
it on the roadway, thereby preventing fatalities and injuries associated with run-
off-the-road crashes that frequently involve rollover or collision with various objects
(e.g., trees, highway infrastructure, other vehicles). NHTSA estimates that ESC will
prevent roughly half of all rollovers in passenger cars and light trucks.

Lane Departure Warning Systems

Some Alliance members have begun to install lane departure warning (LDW) sys-
tems. When a drowsy or otherwise impaired or distracted driver begins to drift out
of the lane of travel, either into another lane or off the road, the LDW system alerts
the driver by vibrating the steering wheel or seat, emitting an audible or visual
warning, or by other means. Some systems can also brake selected wheels to nudge
a vehicle back in lane. The potential benefit of LDW systems is to prevent head-
on crashes, sideswipes, and run-off-the-road crashes which can lead to rollovers or
impacts with off-road objects. LDW systems may be able to reduce such events by
25 to 30 percent.

Keeping Occupants Inside the Vehicle During a Rollover and Enhancing Protection
of those Occupants

Enhanced Side Impact Protection

In December 2003, auto manufacturers committed to a plan developed by an
international group of safety experts for enhancing the crash compatibility of pas-
senger cars and light trucks. The plan established new performance criteria for fur-
ther enhancing occupant protection in front and side crashes between cars and light
trucks. It also defined research programs to investigate future test procedures and
performance criteria. The Insurance Institute for Highway Safety (ITHS) facilitated
the development of this plan with the sponsorship of the Alliance. By September
2009,100 percent of each participating manufacturer’s applicable vehicles will be de-
signed to these criteria. However, participating auto manufacturers began imple-
menting the front-to-front and front-to-side performance criteria immediately upon
industry’s agreement. Manufacturers’ recent progress in implementing this commit-
ment is described below.

Approximate Percentage of Production
[Designed in Accordance w/Performance Criterial

Production Year Production Year Production Year
Crash Mode 2005 2006 2007
Front-to-Side 33% 53% 71%
Front-to-Front 62% 75% 81%

The front-to-side crash component of the commitment established performance cri-
teria to further enhance head protection for people riding in passenger vehicles that
are struck in the side. As of Model Year 2008, 76 percent of the new light vehicle
models on sale are available with side curtain air bags (63 percent standard; 13 per-
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cent optional). The percentage of MY 2008 SUVs with side curtain air bags available
is even higher. Ninety-seven percent of MY 2008 SUVs are available with side cur-
tain air bags (91 percent standard; 6 percent optional). Side curtain air bags provide
some ejection mitigation benefits in rollovers.

Occupant Containment Systems

Ejection is the most common source of serious injuries and fatalities in rollover
crashes. With input from a separate rollover sensor, side curtain air bags can be
designed to also deploy as rollover airbags in the event of a rollover. Rollover air
bags stay inflated longer to help keep occupants inside the vehicle during a rollover.
The Alliance estimates that approximately one-quarter of the side curtain air bags
available on MY 2008 models are fitted with rollover air bags.

Safety Belt Reminder Systems

Safety belt use is critical to reducing rollover-related fatalities and injuries. While
safety belts are, overall, 45 percent effective in reducing fatalities in passenger cars
and 60 percent effective in light trucks and SUVs, their greatest benefit occurs in
rollovers. NHTSA data show that safety belts are 74 percent effective in reducing
fatalities that occur in passenger car rollovers, and are 80 percent effective in reduc-
ing rollover fatalities in light trucks and SUVs. Thus, any comprehensive program
to address fatalities in rollovers must begin with improving safety belt use, espe-
cially since the data show that approximately 72 percent of the people killed or in-
jured in single-vehicle rollovers are unbelted.

Alliance members are voluntarily installing vehicle-based technologies to encour-
age safety belt usage. Research on one system deployed in the United States by an
Alliance member found a statistically significant 5 percentage point increase in safe-
ty belt use for drivers of vehicles equipped with that system compared with drivers
of unequipped vehicles. NHTSA estimates that a single percentage point increase
in safety belt use nationwide would result in an estimated 280 lives saved per year.
Beginning in model year 2004, all members of the Alliance began voluntarily deploy-
ing various vehicle-based technologies to increase safety belt use. Eighty-five per-
cent of model year 2006 cars and light trucks were equipped with safety belt re-
minder systems.

Other Actions to Mitigate Rollover Injuries and Fatalities

Primary Enforcement Belt Use Laws

Alliance members’ support (totaling $33 million) of the Air Bag and Seat Belt
Safety Campaign conducted from 1996-2007, helped to achieve a more than 20 per-
centage point increase in the national safety belt use rate, to a highest-ever level
of 82.4 percent in 2007. The Campaign’s work let to the national adoption of the
Click It or Ticket program, supported by national and state advertising and signifi-
cant commitments from the law enforcement community. In addition, the Campaign
worked throughout its tenure for the adoption of primary enforcement seat belt laws
in the states. States with primary enforcement laws have average safety belt usage
rates approximately 11 percentage points higher than states having secondary en-
forcement laws. In 1996, when the Campaign started, only 11 states covering 38
percent of the Nation’s population had primary enforcement laws. Currently, 26
states and the District of Columbia have these laws, covering more than two-thirds
of the population. Impressively, the latest data shows that 12 states, led by Hawaii
at 97.6 percent, have belt use rates above 90 percent. Unfortunately, three states
still have belt use rates below 70 percent.

Campaign to Eliminate Drunk Driving

Because approximately 40 percent of the fatalities occurring in rollovers annually
are alcohol-related, abating drunk driving will also help to reduce rollover fatalities
and injuries. In November 2006, the Alliance joined with the U.S. Department of
Transportation, the Insurance Institute for Highway Safety (IIHS), the Governors
Highway Safety Association, The Century Council, the Distilled Spirits Council of
the United States (DISCUS), and the International Association of Chiefs of Police,
to support MADD’s Campaign to Eliminate Drunk Driving. The Campaign is pur-
suing the adoption of state laws mandating the installation of alcohol ignition inter-
locks (breathalyzers) on vehicles driven by convicted drunk drivers. In New Mex-
ico—the first state to adopt such a mandate—alcohol-involved crashes are down 30
percent, injuries are down 32 percent, and fatalities are down 22 percent.

NHTSA’s Roof Strength Rulemaking

Turning to the matter at hand, as part of a comprehensive plan for reducing the
serious risk of rollover crashes and the risk of death and serious injury in those
crashes, NHTSA has proposed to amend the agency’s safety standard on roof crush
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resistance—FMVSS 216—in several ways. First, NHTSA has proposed to extend the
application of the standard to vehicles with a Gross Vehicle Weight Rating (GVWR)
of 10,000 pounds or less (the current rule limits applicability to vehicles with a
GVWR of 6,000 pounds or less). Second, the agency has proposed to increase the
applied force to 2.5 times each vehicle’s unloaded weight, and to eliminate the exist-
ing 5,000 pound limit on the force applied to passenger cars. Third, the agency has
proposed to replace the current limit on the amount of allowable roof crush with
a new requirement prohibiting roof contact with the head of a seated test dummy
representative of a mid-size adult male occupant. A summary of the current and
proposed roof strength requirements is given below.

FMVSS 216, “Roof Crush Resistance”

Existing Standard NPRM SNPRM
Applicability GVWR < 6,000 lbs. GVWR < 10,000 lbs. GVWR < 10,000 lbs.
Applied Force Limit 5,000 Ibs. None None
Strength-to-Weight 1.5 2.5 2.5 ~3.0
Performance Criteria 5 in. Platen Travel No head contact No head contact
(50th Male Dummy) (Head Positioning
Fixture)
Sides Tested One side at a time One side at a time Two sides sequentially
(Driver & Passenger) (Driver & Passenger) (Driver & Passenger)
Leadtime na 3-years 3-years
Phase-in na None None
Carry-forward Credits na None None

The Alliance supports NHTSA’s efforts to implement a multi-part comprehensive
plan to mitigate rollover injuries and fatalities. The Alliance agrees with the agency
that, by itself, the proposed changes to the roof crush resistance standard will have
a limited effect (compared to other elements of the comprehensive plan) in reducing
rollover related casualties. The Alliance has undertaken various studies and anal-
yses to help inform this rulemaking. These demonstrate that the proposed rule
should be modified in several aspects as described below. We conclude with our rec-
ommendations for the final rule.

Injury Patterns of Occupants Involved in Rollovers

The Alliance sponsored research to examine the injury patterns of occupants in-
volved in rollover crashes. Like NHTSA, the research sponsored by the Alliance ana-
lyzed real-world rollover injury data in order to determine the number of occupant
injuries that could be attributed to roof intrusion. This research examined only front
outboard occupants who were belted, not fully ejected from their vehicles, whose
most severe injury was associated with roof contact, and whose seating position was
located below a roof component that experienced vertical intrusion as a result of a
rollover crash. Using the National Automotive Sampling System/Crashworthiness
Data System (NASS/CDS), the first phase of this research developed a statistical es-
timate of the number of belted occupants seriously injured in rollovers through var-
ious injury sources. The second phase of this research involved an in-depth review
of each of the cases identified during the first phase to explore injury patterns. A
comprehensive review of 278 NASS/CDS rollover cases was performed. A few of the
significant findings of this study are:

o Injury Causation. Review of a wide range of rollover crashes, from those result-
ing in significant roof deformation and no injury to those resulting in significant
injuries with minimal deformation, indicates that rollovers are complex events
and that a single parameter (such as roof performance) cannot explain the in-
jury potential for occupants.

Vehicle Headroom. The NASS/CDS rollover data show no relationship between

vehicle headroom and the risk of serious head/neck/face injury for belted occu-

pants.

e Roof Strength-to-Weight Ratio. The NASS/CDS rollover data show no relation-
ship between vehicle roof strength-to-weight ratio (as measured by FMVSS 216)
and the risk of serious head/neck/face injury for belted occupants, even after
controlling for rollover class, driver age, and belt use.

e Two Occupants. The detailed reviews include numerous examples of variability
in injury outcome for occupants in the same vehicle, even when other factors
(age, height, belt and ejection status, magnitude of vertical roof deformation at
occupant positions, etc.) are essentially the same. In particular, these cases
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show no difference between far-side/near-side occupants and associated injury
risk.

The auto industry has been conducting research into rollover related injury for
many years and an understanding of injury causation is essential to understanding
the relevance of roof strength. Decades of real-world crash data analysis and labora-
tory testing has established that roof deformation and injury in rollover crashes are
related to the severity of the crash, but that does not mean roof deformation causes
injury.

Roof Strength and Rollover Injury Risk

The Insurance Institute for Highway Safety (IIHS) recently published a study
that examined the relationship between roof strength and rollover injury risk. ITHS
conducted independent tests of roof strength among a group of midsize SUVs and
analyzed the relationship between different measures of roof strength and injury
risk in real-world rollover crashes. ITHS researchers concluded that there is a strong
relationship between roof strength and injury risk in a rollover crash; the stronger
the roof the lower the injury risk. See ITHS Figure 1 below. Based on this finding
they are recommending that the NHTSA consider increasing the minimum strength-
to-weight (SWR) ratio beyond the currently proposed value of 2.5 within 5 inches
of roof crush, to an SWR of 3.0-3.5.

IIHS Figure 1

Rates of fatal or incapacitating driver injury by peak strength-to-
weight ratio (SWR) within 5 inches of plate displacement
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The Alliance welcomes the ITHS’s input in trying to shed light on this important
but controversial issue, but the IIHS’s recommendations for even greater roof
strength requirements than those currently being proposed by NHTSA are not war-
ranted based on these data. The ITHS data do not demonstrate a relationship be-
tween roof strength and injury causation in rollovers.

In its analysis, the IIHS assumed that the ratio between roof strength and vehicle
weight, or SWR, is monotonic (consistently decreasing) over the entire range of SWR
for the samples it examined. Further analyses of these data casts doubt on the ac-
ceptability of these assumptions. Using the ITHS data on roof strength, and the
same analytical approach, a statistical analysis commissioned by the Alliance closely
replicated the ITHS analysis with police-reported crash data obtained from 9 of the
12 states used in the ITHS study (Some of the state data used by ITHS are not pub-
licly available.). The analysis then tested whether there was good evidence that a
straight line provided the best explanation of the relationship. Using a widely ac-
cepted statistical procedure, the data for SUVs from the central group of roof
strength values was reanalyzed, followed by data from the lowest and the highest
groupings. If a linear relationship is evident across the full range of values then the
findings from the central group of the data should essentially predict those from the
upper and lower groups. They did not—see Figure 2 below. Furthermore, limiting
the analysis to higher roof strength vehicles (SWR > 2.0), arguably closer in value
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to the ITHS recommended SWR of 3.0-3.5), yielded no relationship between roof
strength and injury risk.

Figure 2: IIHS Figure 1 modified to show injury rates adjusted for IIHS confounding factors using
logistic regression, and ranges of SWR relevant to this proceeding

Rates of fatal or incapacitating driver injury by peak strength-to-
weight ratio (SWR) within 5 inches of plate displacement
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The ITHS findings exceed the conclusions that can reasonably be drawn from their
data and analysis, and the ITHS conclusions are at odds with an understanding of
injury causation. They are assuming that a linear (straight line) relationship exists
across the range of roof strength values for which they have test results. The evi-
dence is that it does not. That being the case, it is not acceptable to use these lim-
ited data to predict benefits for roofs stronger than those currently seen in the fleet.
Another limitation of the analyses that limit its extrapolation to the passenger vehi-
cle fleet as a whole is that only a limited set of midsize SUVs were tested.

Alliance Cost/Weight Analysis

Alliance members studied strategies for increasing the strength-to-weight ratio
(SWR) of exemplar large sport utility vehicles and large pickup trucks by simulating
the modifications of existing designs with design changes that are capable of being
produced in mass-production volumes with current technology. These studies con-
firmed NHTSA’s general concern that near-term design changes for existing vehicle
models would add substantial weight to the vehicle, potentially adversely affecting
two of NHTSA’s safety priority issues: reducing rollover events and improving vehi-
cle-to-vehicle compatibility. A summary of these studies follows.

Summary of Alliance Cost/Weight Analysis

Effect of Modifications to Reach: {

Vehidle Type Baseline Vehicle

Weight SWR 2.5 SWR 3.0 WR 352
Large SUV 5,600 to 7,200 1bs. +60 to 67 lbs. +150 to 270 1bs. +250 to 540 lbs.
Costs na Variable: $38-$58 Variable: $60-$90 Variable: $110-$130

5,800 to 8,900 Ibs.
na

Large Pickup
Costs

Fixed: $40M-$75M
+38 to 68 lbs.
Variable: $55-$185
Fixed: $10.5M-$77M

Fixed: $80M—-$90M
+85 to 260 lbs.
Variable: $100-$200
Fixed: $10.8-$218M

Fixed: $80M-$180M
+120 to 520 lbs.
Variable: $165-$525
Fixed: $11M-$660M

+The nomenclature SWR2.5,, means NHTSA’s proposal: a SWR of 2.5 times the vehicle’s unloaded vehicle
weight, plus a 20 percent compliance margin.
Strength-to-Weight Ratio at and above 2.5 and the Impacts on Safety

The Alliance’s analysis demonstrates that increasing SWRs above 2.5 necessitates
significant mass increases that negatively impact safety, if insufficient leadtime is
provided. The average weight penalty, for a large SUV, for increasing the SWR from
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1.5 to 2.5 (NPRM) would be 60 to 67 lbs., and for a large truck the corresponding
average weight penalty would be 38 to 68 lbs. A NHTSA requirement for single-
sided testing at a SWR of 3.0 or 3.5 or two-sided testing (SNPRM) will add substan-
tial mass increases to vehicle roof structures, particularly for heavier vehicles. For
instance, for a large SUV, increasing the SWR from 1.5 to 3.0 would add an average
weight penalty of 150 to 270 lbs. and increasing the SWR from 1.5 to 3.5 would add
an average weight penalty of 250 to 540 1bs. Similarly, for a large truck, increasing
the SWR from 1.5 to 3.0 would add an average weight penalty of 85 to 260 lbs. and
increasing the SWR from 1.5 to 3.5 would add an average weight penalty of 120
to 520 lbs. The added weight associated with increasing roof strength may also ad-
versely affect vehicle crash compatibility.

Increase in Vehicle Mass and Effect on CAFE Performance

NHTSA has recently proposed substantial increases in the Corporate Average
Fuel Economy (CAFE) standards for passenger cars and light trucks. The agency’s
fuel economy rulemaking is being issued pursuant to the Energy Independence and
Security Act of 2007 (EISA), which Congress passed in December 2007. EISA man-
dates the setting of separate maximum feasible standards for passenger cars and
for light trucks at levels sufficient to ensure that the average fuel economy of the
combined fleet of all passenger cars and light trucks sold by all manufacturers in
the U.S. in model year (MY) 2020 equals or exceeds 35 miles per gallon. That is
a 40 percent increase above the average of approximately 25 miles per gallon for
the current combined fleet.

Increasing SWR above 2.5 necessitates significant mass increases that negatively
impact fuel economy. As indicated above, the average weight penalty, for a large
SUV, for increasing the SWR from 1.5 to 2.5 (NPRM) would be 60 to 67 lbs., and
for a large truck the corresponding average weight penalty would be 38 to 68 lbs.
A NHTSA requirement for single-sided testing at a SWR of 3.0 or 3.5 or two-sided
testing (SNPRM) will add substantial mass increases to vehicle roof structures, par-
ticularly for heavier vehicles. For instance, for a large SUV, increasing the SWR
from 1.5 to 3.0 would add an average weight penalty of 150 to 270 lbs. and increas-
ing the SWR from 1.5 to 3.5 would add an average weight penalty of 250 to 540
Ibs. Similarly, for a large truck, increasing the SWR from 1.5 to 3.0 would add an
average weight penalty of 85 to 260 lbs. and increasing the SWR from 1.5 to 3.5
would add an average weight penalty of 120 to 520 lbs. The added weight will also
reduce fuel economy and increase vehicle lifetime fuel consumption. Because every
100 1bs. added to a vehicle reduces its fuel economy by 1-2 percent, a 3.5 SWR could
reduce a large pickup truck or SUV’s fuel economy by up to 10 percent.

Two-sided vs. One-sided Testing

NHTSA has indicated that it is considering two-sided testing to evaluate the
strength of the second side of the roof of vehicles whose first side had already been
tested. In this testing, after the force was applied to one side of the roof over the
front seat area of a vehicle, the partially crushed vehicle was repositioned and force
was then applied on the opposite side of the roof over the front seat area. The varia-
bility and challenges in repeatability of roof strength testing in a one-sided test
would be amplified in a two-sided test and manufacturers would have to select com-
pliance margins to compensate for this resultant increased variability. The setup of
vehicles relative to the platen can vary substantially from testing facility-to-testing
facility and within a single testing facility. The configuration of the load application
device and the load measurement system can be quite different between testing fa-
cilities. Depending upon the structural architecture of the vehicle, these variations
and differences can manifest themselves as variations in measured roof strength.

Performance Criteria—Headroom vs. Platen Travel

The Alliance recommends that NHTSA maintain the use of 5 inches of platen
travel as the deformation criterion in the final rule. The Alliance does not support
a “no head contact” criterion, whether it is determined by the use of a test dummy
representative of an average adult male (as in the NPRM) or via the use of a
headform-positioning device with an associated contact force measured by a load cell
attached to the headform. A “no head contact” criterion only serves to further in-
crease both test-to-test variability and testing complexity without providing any ad-
ditional engineering data beyond that which can be obtained using a 5-inch platen
travel limit.

Besides the fact that a “no head contact” criterion offers no engineering value
with respect to assessing a vehicle’s roof strength performance, such a criterion does
not recognize the well-established, scientific body-of-knowledge concerning occupant
kinematics in a rollovers. In rollover events, rotational and gravitational forces com-
bine to result in restrained and unrestrained occupants moving inside vehicles in
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an uncontrolled and unpredictable manner and thus are subject to injury risk from
incidental impact with the vehicle interior, other occupants, and the ground, inde-
pendent of roof-to-ground contact or roof deformation. Use of any variant of a head
contact criteria for determination of roof strength or the ratio of roof strength to ve-
hicle mass (SWR) does not correlate or relate to occupant injury.

Recommendations

The table below summarizes the Alliance recommendations for the final rule for
FMVSS 216. Where the Alliance recommendation differs from NHTSA’s proposal
bolded text has been used.

FMVSS 216, “Roof Crush Resistance”

Existing Standard NPRM SNPRM Alliance Recommendation
Applicability GVWR < 6,000 lbs. GVWR < 10,000 lbs. GVWR < 10,000 lbs.
Applied Force Limit 5,000 lbs. None None
Strength-to-Weight 1.5 2.5~3.0 2.5
Performance Criteria 5 in. Platen Travel No head contact 5 in. Platen Travel

(50th Male Dummy
or Head Positioning
Fixture)

Sides Tested One side at a time One side at a time One side at a time
(Driver & Passenger) (Two sides (Driver & Passenger)
sequentially)
Leadtime na 3-years 3-years
Phase-in na None Yes
Carry-forward Credits na None Allow

Senator PRYOR. Thank you.
Ms. Claybrook?

STATEMENT OF HON. JOAN B. CLAYBROOK, PRESIDENT,
PUBLIC CITIZEN

Ms. CLAYBROOK. Thank you so much, Mr. Chairman. We at Pub-
lic Citizen, appreciate the opportunity to testify today.

Every day there are 29 fatalities from rollover crashes. If there
were 29 fatalities from an airplane crash every day, I think this
Congress would be in a revolutionary state about what to do to
remedy that. And yet, for the past 7 years, the National Highway
Traffic Safety Administration has diddled in its rulemaking activi-
ties and come up with a terrible proposal that is not going to really
make any difference. It’s going to save between 44 and 476 lives
out of 10,600, which is, in itself, an indicator of the lack of capacity
of this rulemaking to make any difference.

Rollover crashes, it’s really important to say, are highly surviv-
able. That’s the most important thing to know, because the physics
of rollover crashes are indisputable. They occur over a 4- to 6-sec-
ond time interval, which is a very long period of time, whereas,
other crashes are milliseconds. There is time for the body to adjust
to the rollover; it just has to be protected when that occurs. Con-
sequently, the forces acting on the occupants are mild, and the
focus then becomes threefold. Do the restraints properly and safely
keep the occupant in the survival zone of the vehicle? Does the ve-
hicle structure maintain occupant survival space? And do the por-
tals of ejection—i.e., the side windows and doors—stay intact, and
thus, prevent exposure to partial ejection, a hideous and terrible
consequence of rollovers? These questions can best be answered by
a dynamic test standard.

Public Citizen recommends the following. First, NHTSA should
issue one wunified, dynamic rollover injury prevention crash-
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worthiness standard for rollover, for all aspects of rollover. We
know it’s practicable. The Volvo XC90, built by one small auto
manufacturer, shows that a vehicle that protects occupants in most
rollover crashes can be built and sold successfully. In order to do
this, of course, the deadline for this rulemaking 