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EXECUTIVE SUMMARY

Federal Motor Vehicle Safety Standard (FMV SS) 214, “ Side Impact Protection” was amended in
1990 to assure occupant protection in a dynamic test that ssimulates a severe right-angle collision.
It is one of the most important and promising safety regulations issued by the National Highway
Traffic Safety Administration (NHTSA). It was phased into new passenger cars during model
years 1994-97. 1n 1993, side impacts accounted for 33 percent of the fatalities to passenger car
occupants.

The current FMV SS 214 is the culmination of many years of research to make passenger cars less
vulnerable in side impacts, and especially to reduce fatality risk to the nearside occupant when a
car is struck in the door area by another vehicle - the configuration responsible for the majority of
side-impact fatalities. Interacting with the United States and international safety communities,
NHTSA developed:

. A test configuration using a Moving Deformable Barrier (MDB) simulating a severe
intersection collision between two passenger vehicles.

. Injury criteria, above al aThoracic Traumalndex (TTI) that predicts the severity of
thoracic injuries when occupant’ s torsos contact the interior side surface of a car.

. A Side Impact Dummy (SID) on which TTI could be reliably measured in side impact
tests. Theinjury score measured on the dummy is called TTI(d).

. Two technologies that, singly or in combination, significantly reduced TTI(d) from its
baseline levelsin model year 1980-88 production vehicles:

1. Structur e modifications such as stronger pillars, sills, roof rails, seats or cross-
members, to reduce door intrusion into the passenger compartment.

2. Padding capable of absorbing significant energy at a force-deflection rate safe for
occupants. Itisathick plastic foam - not a soft pad.

. The new FMV SS 214, allowing TTI(d) up to 90 in 2-door cars and 85 in 4-door cars.

The Government Performance and Results Act of 1993 and Executive Order 12866 require
agencies to evaluate their existing programs and regulations. The objectives of an evaluation are
to determine the actual benefits - lives saved, injuries prevented, damages avoided - and costs of
safety equipment installed in production vehicles in connection with arule.

FMVSS 214 will be evaluated in two phases. Phase 1, contained in this report, is a statistical
analysis of relationships between TTI(d) and fatality risk in actual side impacts on the highway, in
baseline, pre-FMV SS 214 cars of model years 1981-93. It is based on Fatality Anaysis Reporting
System (FARS) data from late 1980 through early 1998. It will tell usif the cars with lower



TTI(d) had lower fatality risk. The analysisis possible because many pre-standard cars were
tested during the development of FMV SS 214, and those models have been on the road for along
time and have been involved in many crashes. However, Phase 1, based on pre-standard cars, will
not estimate the benefits of FMV SS 214 itself.

Phase 2 is a statistical comparison of side-impact fatality and injury rates in cars produced
immediately after vs. immediately before the implementation of FMV SS 214. It is designed to
measure the actual effects of specific modifications used to achieve compliance with FMV SS 214:
structures and padding. Since those changes were only introduced in 1994-97, and since it takes
years for crash files to accumulate sufficient data for statistical analyses, Phase 2 is unlikely to be
completed before 2001. This report presents an analysis plan for public review and comment.

Side air bags have begun to supplement structure and padding in some cars. Asof 1999 it does
not appear that sufficient crash cases involving side air bags can accumulate within the Phase 2

time frame for meaningful statistical analyses. NHTSA plans to start an evaluation in 2002, but
that date could be expedited in response to higher sales volumes or other considerations. In
addition, NHTSA’s New Car Assessment Program (NCAP) has provided consumers with
information since 1997 about side impact performance in atest 5 mph faster than the FMV SS 214
compliance test. By 2002 there may be enough data to study the correlation of Side-NCAP
results with fatality risk in real-world side impacts.

In most of the Phase 1 analyses, the “side-impact fatality risk” of a make-model is the ratio of the
occupant fatalities in side-impact crashes to “purely frontal” crashes (a control group). This
definition and various other statistical tools help isolate genuine crashworthiness differences
between make-models and minimize possible biases due to models having different types of
drivers whose crash involvement rates can vary considerably.

The primary finding of Phase 1 is a statistically significant association of TTI(d) with side-impact
fatality risk: the lower the TTI(d), the lower the fatality risk. Thisresult is obtained when all
baseline-tested make-models of 1981-93 passenger cars are analyzed together.

A closer look at the data, however, immediately reveals different relationships in 2-door cars and
4-door cars. The association between TTI(d) and fatality risk in actual side impactsis quite
strong in 2-door cars, and the more closely the actual crashes resemble the FMV SS 214 test, the
stronger the relationship. But the data show at most a weak relationship between TTI(d) and
actual fatality risk in 4-door cars. The difference is unexplained at thistime. Data/statistical
problems could be masking some of the effect in 4-door cars. And even if the true effect is indeed
much stronger in older 2-door cars than 4-door cars, there is no obvious reason why that should
be so. A possible factor isthat there were stark differencesin TTI(d) among pre-standard 2-door
cars, including some very poor performers - whereas most 4-door cars, even before FMV SS 214,
had fairly smilar, fairly adequate performance.

In summary, does lower TTI(d) mean lower fatality risk? These analyses generally say “yes,” but

leave some unanswered questions even about the baseline, pre-FMV SS 214 passenger cars of
Phase 1. Needlessto say, they should not be used to predict exactly what effectiveness will be
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found for FMV SS 214 in more recent passenger cars during Phase 2. Nevertheless, they show
that FMV SS 214 has, at the very least, already saved lives by mandating redesign of the 2-door
models with the poorest performance.

The main findings and conclusions of Phase 1 are the following:

SIDE IMPACT PERFORMANCE OVER THE YEARS

. Average TTI(d) in the FMV SS 214 test configuration, by model year, was approximately:

2-Door Cars 4-Door Cars
FMVSS 214 requirement 90 85
Model Y ear
1981-90 (baseline) 110 80
1993 (just before FMV SS 214) 97 74
1997 (post-FMV SS 214) 74 65
. In 2-door cars, average performance improved from much worse than the FMV SS 214
requirement to somewhat better.
. In 4-door cars, average performance improved from dightly better than the FMV SS 214
regquirement to much better.
. In make-models produced throughout 1993-97, approximately

S 56 percent got substantial structure, usually with padding, during 1994-97
S 27 percent got mainly padding
S 17 percent remained unchanged, and already met FMV SS 214 in 1993

Vil



TTI(d) AND SIDE-IMPACT FATALITY RISK: 2-DOOR CARS OF MODEL YEARS 1981-93

. Thereisadatistically significant association between TTI(d) and side-impact fatality risk
in pre-standard 2-door cars. This association was found in regression analyses, correlation
analyses, and matched comparisons of make-models with low and high TTI(d).

. In the regression analyses, each reduction of TTI(d) by one unit is associated with an
estimated 0.927 percent reduction of fatality risk in side impacts.

. TTI(d) averaged 110 in these cars, and the best score for any model was 82. A reduction
of TTI(d) from the “average” 110 to the “best practices” 82 corresponds to a 23 percent*
fatality reduction in side impacts.

. The effect of TTI(d) was strongest in the crashes that most closely resembled the FMV SS
214 test configuration (all effects are statistically significant):

Fatality Reduction (%) for Reducing TT1(d)

By One Unit From 110 to 82

In all side impacts 0.927 23*

In occupant compartment impacts 1.080 26

For al nearside occupants 0.999 25
Nearside occupants in compartment impacts 1.280 30

Impacts by another passenger car 1.310 31
Nearside compartment impacts by a passenger car 1.730 39

. Correlation analyses, and matched comparisons of make-models with low and high TTI(d)

produced nearly the same results as the regression analyses: significantly lower fatality risk
in models with low TTI(d).

* 1-(1-.00927)"°-8 = 23 percent
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TTI(d) AND SIDE-IMPACT FATALITY RISK: 4-DOOR CARS OF MODEL YEARS 1981-93

Regression, correlation and matched-comparison analyses of pre-standard 4-door cars
showed at most a weak association between TTI(d) and side-impact fatality risk.

In one regression analysis, each reduction of TTI(d) by one unit was associated with a
nonsignificant 0.168 percent reduction of fatality risk in side impacts, and in another
regression analysis, it was associated with a nonsignificant 0.047 percent increase.

TTI(d) averaged 80 in baseline 4-door cars, and the best score for any small- to mid-sized
model was 62. A reduction of TTI(d) from the “average” 80 to the “best practices’ 62
corresponds to a 3 percent* fatality reduction in side impacts, by the first regression
analysis, and a 1 percent? increase, by the second.

In the regression analyses, the effect of TTI(d) did not show any pattern of getting either
stronger or weaker in crashes that more closely resembled the FMV SS 214 test
configuration.

Twelve analyses tested the correlation of TTI(d) with side/frontal fatality risk at the make-
model level. They produced one statistically significant positive coefficient [the lower the
TTI(d) the lower the risk], four nonsignificant positive coefficients, and seven
nonsignificant negative coefficients.

Twelve analyses compared side/frontal fataity risk in matching make-models with low and
high TTI(d). Eight showed fatality reductions up to 16 percent in the models with low
TTI(d). Four showed increases. None of the effects was statistically significant.

11-(1-.00168)% ¢ = 3 percent

21 - (1 +.00047)%- %2 = -1 percent






CHAPTER 1

INTRODUCTION AND BACKGROUND

Federal Motor Vehicle Safety Standard (FMV SS) 214, amended in 1990 to assure occupant
protection in a dynamic test that simulates a side impact collision, is one of the most important
and promising safety regulations issued by the National Highway Traffic Safety Administration
(NHTSA). Crash data are coming on line to evaluate whether this regulation and the vehicle
modifications that improve performance in the side impact test are effective in reducing fatality
risk in actual side impact crashes of production passenger cars.

1.1 Thedynamic sde impact standard

The current FMV SS 214 was phased into new passenger cars during mode! years 1994-97. The
Final Rul€?, issued in October 1990 required at least 10 percent of passenger cars produced
between September 1, 1993 and August 31, 1994 to meet the standard; at least 25 percent of cars
produced between September 1, 1994 and August 31, 1995; at least 40 percent of cars between
September 1, 1995 and August 31, 1996; and all cars after September 1, 1996°. Manufacturers
declared (“ self-certified”) what make-models complied with FMV SS 214 during the three-year
phase-in period. NHTSA as well as the manufacturers advised the public on what models were
certified®.

In 1993, the last year before the phase-in, 6,922 passenger car occupants were fatally injured in
side impacts, accounting for 33 percent of the fatalities to passenger car occupants’. The side of
the car is the second most frequent impact location in fatal crashes, exceeded only by frontals.
The side impact problem was likely to increase, in relative terms, as air bags and greater use of
safety belts reduced fataities in frontals and rollovers.

'Code of Federal Regulations, Title 49, General Printing Office, Washington, 1998, Part
571.214.

’Federal Register 55 (30 October 1990): 45752.

3Manufacturers also had the option of 100 percent of their cars meeting the standard
beginning on September 1, 1994 and no requirement before that date. Code of Federal
Regulations, Title 49, Part 571.214 S3. (2) (d).

*“NHTSA Hails Safety Featuresin Model Year 1994 Passenger Carsand Light Trucksand
Vans, Press Release No. NHTSA 38-93, U. S. Department of Transportation, Office of the
Assistant Secretary for Public Affairs, Washington, 1993.

*Traffic Safety Facts 1993, NHTSA Report No. DOT HS 808 169, Washington, 1994, p.
102.



In truth, the development of FMV SS 214 began long before the Final Rule was issued in 1990.
By the 1960's researchers understood that the side doors of passenger cars were vulnerable in side
impacts. There was little structure to slow down a striking vehicle and prevent the door from
intruding into the passenger compartment and contacting the occupant at a dangerous velocity.
To strengthen the doors, engineers at General Motors placed side door beams inside them, front-
to-rear, paralle to the sills and roof rails, starting in some 1969 cars®. They developed a quasi-
static (dow-moving) test to measure the crush resistance of doors by gradually forcing arigid
cylinder into the side of the car. The Society of Automotive Engineers and, subsequently,
NHTSA welcomed side door beams. The agency issued the origind, “static” FMV SS 214,
effective January 1, 1973, requiring passenger cars to meet specified force levels on the crush
test’, and resulting in the introduction of side door beamsin all cars.

By thelate 1970's, if not earlier, researchers suspected that side door beams alone were
insufficient to low intrusion significantly in a severe impact by another vehicle®. NHTSA’s 1982
evauation of the “static” FMV SS 214, indeed, did not show areduction of fatality risk to
occupants of cars struck in the side by other vehicles’. Side door beams were not ineffective: they
significantly reduced fatality risk in side impacts with fixed objects, saving 480 lives per year, and
they reduced by 25 percent the risk of a nonfatal hospitalization to a nearside occupant in a
compartment impact by another vehicle. They just weren't strong enough to reduce fatalitiesin
that crash mode.

NHTSA began to develop a new version of FMV SS 214, while retaining the “static” requirement
in view of its benefit in fixed-object collisons. The new regulation was aimed at reducing fatality
risk to the nearside occupant when a car is struck in the door area by another vehicle - the
configuration responsible for the majority of side impact fatalities. In developing the new
regulation, NHTSA used a systematic approach, including much interaction with the public and
the research community’®. The process, typical of a new generation of NHTSA rulemaking, was
far more complex than 1960's regulation. Nearly every step was complicated, since researchers
from the United States and international safety communities offered numerous alternative injury
criteria, dummies, test configurations, etc., that were given consideration. The selected approach
included:

®Hedeen, C.E. and Campbell, D.D., Sde Impact Sructures, Paper No. 690003, Society of
Automotive Engineers, New Y ork, 1969.

‘Code of Federal Regulations, Title 49, General Printing Office, Washington, 1981, Part
571.214.

89 de Impact Conference, NHTSA Report No. DOT HS 805 614, Washington, 1980.

*Kahane, C.J., An Eval uation of Sde Structurel mprovementsin Responseto Federal Motor
Vehicle Safety Sandard 214, NHTSA Technical Report No. DOT HS 806 314, Washington, 1982.

Final Regulatory Impact Analysis - New Requirements for Passenger Cars to Meet a
Dynamic Sde Impact Test FMVSS 214, NHTSA Publication No. DOT HS 807 641, Washington,
1990.



A review of crash data, indicating that the archetypa side impact fatality involved a fast-
moving car striking a slow-moving car in the door, at aright angle (typical intersection
collision).

A review of injury data, indicating that alarge proportion of the nearside occupants’ life-
threatening injuries occurred when the sides of their torsos contacted the interior side
surface (most frequently the door) of the car. (Head injuries were the most frequent cause
of fatalities in sde impacts; they have been directly addressed by another regulation,
FMVSS 201 - Occupant Protection in Interior Impact™.)

Experimental impacts to cadavers. The Thoracic Trauma Index (TTI) was found to be an
excellent predictor of thoracic injury severity (after controlling for the age of the test
subject). TTI =% (G + G, ), where Gy, is the greater of the peak accelerations of either
the upper or the lower rib, expressed ing'sand G, 5 isthe lower spine (T12 vertebra)
peak acceleration. Pelvic g's are an additional injury criterion, but TTI isthe key
predictor of life-threatening injuries.

Development of a Side Impact Dummy (SID) on which TTI (aswell as pelvic g's) can be
reliably measured in a side impact test configuration. The injury score measured on the
dummy is caled TTI(d).

Development of aMoving Deformable Barrier (MDB) representing a generic 3000-pound
passenger vehicle and atest procedure that simulates an MDB moving 30 mph hitting, at a
right angle, the door area of a subject vehicle, traveling 15 mph. (It is accomplished by
having the MDB travel at 33.5 mph at an angle of 63 degrees with the longitudinal
centerline of a stationary test vehicle. The wheels of the MDB are “crabbed” 27 degrees
toward the rear of the test vehicle to obtain a right-angle contact.)

Testing of a variety of production 1980-88 passenger carsto learn the baseline distribution
of TTI(d). Some baseline testing continued after the Final Rule was issued in 1990, up to
model year 1993 cars just before the phase-in period.

Demonstration of two technologies that, singly or in combination can significantly reduce
TTI(d) from its baseline levels in production vehicles:

1. Structur e modifications such as substantialy strengthening pillars, sills, roof rails,
seats or cross-members of a car, and stronger overlap between doors and pillars,
slls, etc., to slow down and reduce the extent of door intrusion into the passenger
compartment.

2. Padding capable of absorbing significant energy at a force-deflection rate safe for
occupants. Itisathick plastic foam - not a soft pad.

"Code of Federal Regulations, Title 49, General Printing Office, Washington, 1998, Part
571.201.



. Regulatory analysis to estimate the lives saved by reducing TTI(d) to various levels, and
the extent of vehicle modifications needed to secure those levels - and, finally -

. Promulgation of the new FMV SS 214, allowing TTI(d) up to 90 in 2-door cars and 85 in
4-door cars. The effective date was a phase-in schedule for model years 1994-97.

The new regulation is called the “dynamic” FMV SS 214 because it involves a fast-moving impact
by the MDB, rather than slow crushing by acylinder. NHTSA believed that manufacturers could
meet the standard (with just passing scores) by installing only padding in most cars, and without
change in many cars. More extensive structural modifications might be needed, however, if
manufacturers aimed to drop TTI(d) well below the FMV SS 214 requirement.

1.2 Discussion of evaluation goals

The Government Performance and Results Act of 1993™ and Executive Order 12866 (October
1993) require agencies to evaluate their existing programs and regulations. The objectives of an
evaluation are to determine the actual benefits - lives saved, injuries prevented, damages avoided -
and costs of safety equipment installed in production vehicles in connection with arule.

FMV SS 214 will be evaluated in two phases. Phase 1, contained in Chapters 2-7 of this report, is
a statistical analysis of relationships between TTI(d) and fatality risk in actua side impacts on the
highway, in baseline, pre-FMV SS 214 cars of model years 1981-93. It will tell usif the cars with
lower TTI(d) indeed had lower fatality risk. While Phase 1, based on pre-standard cars, will not
estimate the benefits of FMV SS 214 itsdlf, it can give a preliminary idea whether reducing TTI(d)
is potentially a good strategy for saving lives.

Phase 2 will be a statistical comparison of side impact fatality and injury ratesin cars produced
immediately after vs. immediately before the implementation of FMV SS 214. It is designed to
measure the actual effects of specific modifications used to achieve compliance with FMV SS 214:
structures and padding. Since these changes were only introduced in 1994-97, and since it takes
years for crash files to accumulate sufficient data for statistical analyses, Phase 2 is unlikely to be
completed before 2001. However, Chapter 7 of this report presents an analysis plan for public
review and comment.

A brief discussion of other NHTSA standards and evaluations yields insight on why a multi-phase
strategy makes sense for FMV SS 214. Previous NHTSA evaluations can be subdivided into two

types.

A before-after evaluation pertainsto a specific, well-defined item of safety equipment that was
installed at known datesin all or most make-models. (The installation date may vary among

2Government Performance and Results Act of 1993, Public Law 103-62, August 3, 1993.
BFederal Register 58 (4 October 1993): 51735.
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make-models and/or individual vehicles, but they are known for each vehicle or model.)

Examples are driver air bags*, center high mounted stop lamps™, etc. A car either has a driver air
bag or does not have one (there is no such thing as half an air bag), and it is known rather exactly
which cars have them. These evauations are relatively the simplest, because it is enough to
compare the fatality, injury or crash risk in vehicles produced immediately before vs. after the
safety improvement.

If a safety improvement was not a specific, clearly-defined, one-time modification, but thereisa
performance test that furnishes numerical scores for various vehicles, a parametric evauation can
explore the correlation of test scores and risk in crashes. For example, the New Car Assessment
Program (NCAP) has scored frontal crash test performance of passenger cars since 1979 - but it
isnot aFMV SS and its effect has not been limited to the implementation of any single, specific
technology. The evaluation showed that belted drivers of cars with good NCAP scores had
lower fatality risk in actual head-on collisions than belted drivers of cars with poor scores. It
showed that improving NCAP scores is a good strategy for reducing fatality risk in frontal crashes
- without identifying or estimating a benefit for any one, specific technological improvement.

The evaluation of dynamic FMV SS 214 can apply both methods - in different ways at different
times. The compliance test for FMV SS 214, like NCAP, produces numerical scoresfor cars,
TTI(d) and pelvic g's, suitable for a parametric evaluation. One important goal of the evaluation
isto find out if carswith low TTI(d) have lower fatality risk in side impact crashes than cars with
high TTI(d), and to calibrate a relationship between TTI(d) and actual fatality risk.. Parametric
analysisis aready possible for the relatively extensive set of pre-standard make-models that were
baseline-tested during 1981-93, since those models have been on the road for many years and
have been involved in many crashes. Phase 1 (Chapters 2-7) of the evaluation is the parametric
analysis of those 1981-93 models.

Eventually, though, we need to calibrate the relationship of TTI(d) to fatality risk based on

today’ s cars, not those of the 1980's. Phase 2 will repeat the parametric analysis for cars meeting
FMV SS 214 or produced just before the standard (model years 1992-2000). However, that
analysis will require accumulation of severa more years of crash data plus additional FMV SS 214
testing of certain make-modelsto fill out the data base of TTI(d) scores. Chapter 8 presents an
analysis plan.

At the same time, unlike NCAP, FMVSS 214 is well-suited for a before-after evaluation. It
phased in explicit limitson TTI(d) and pelvic g's. Thanks to information supplied by the

14K ahane, C.J., Fatality Reduction by Air Bags, NHTSA Technical Report No. DOT HS
808 470, Washington, 1996.

Kahane, C.J.,, The Long-Term Effectiveness of Center High Mounted Stop Lamps in
Passenger Carsand Light Trucks, NHTSA Technical Report No. DOT HS 808 696, Washington,
1998.

1K ahane, C.J., Correlation of NCAP Performance with Fatality Risk in Actual Head-On
Collisions, NHTSA Technical Report No. DOT HS 808 061, Washington, 1994.
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manufacturers, NHTSA has detailed lists of when make-models were modified to meet FMV SS
214 and what was modified. We can identify the models that got structure plus padding during
1994-97, or got only padding, or remained unchanged. The other important goal of the
evaluation is to estimate the fatality-reducing benefits of (1) structure plus padding and

(2) padding only - and to estimate the overall effect of FMV SS 214 on fatality risk in side
impacts. Chapter 8 contains a plan for the Phase 2 before-after evaluation.

On the other hand, no before-after evaluation is possible in Phase 1, based on the pre-standard,
1981-93 models. NHTSA has test scores on afairly wide cross-section of make-models,
comprising awide range of TTI(d). But the agency usualy does not have specific explanations
why some cars had much better scores than others. We can surmise that it’s due to differencesin
structures, ssmply because the energy-absorbing padding characteristic of today’s carswas not in
wide use 10-20 years ago. But we have few details about the differences in the structures.
Furthermore, the baseline tests were not set up on a“before-after” basis. Most of the make-
models were tested just once. The data base includes only one make-model that was tested, and
then retested several years later after its side structure was known to have been redesigned: the
1982-83 Nissan Sentra 2-door was selected for baseline testing and had high TTI(d). Nissan
subsequently changed the structure to delay the collapse of the door. They ran a cross member
across the A-pillars through the dash, reinforced the B-pillar at the sill level and added some floor
dtiffeners'’. TTI(d) was substantially lower in the 1987 Sentra, and as we shall seein Section 3.5,
so was the side impact fatality rate. That’'s as close as Phase 1 getsto a“before-after” analysis.

1.3 Analysisoverview

In most of the Phase 1 analyses and throughout the Phase 2 plan, the “side impact fatality risk” of
amake-model isthe ratio of its occupant fatalities in side-impact crashes to its occupant fatalities
in “purely frontal” crashes (a control group). The objective is to isolate genuine crashworthiness
differences between make-models and to minimize possible biases due to models having different
types of drivers whose crash involvement rates can vary considerably. A review of proceduresin
previous evaluations can shed light on the distinction between vehicle and driver factors.

The evaluation of NCAP, a measure of frontal crashworthiness for belted occupants, had almost
the ideal crash data base: head-on collisions between two passenger cars'®. When two cars collide
head-on, the behavior of each driver before the collision has become irrelevant. It makes no
difference if one drove recklessly and the other properly; once they collide, the question of which
driver survivesis almost purely a matter of crashworthiness. When cars with good NCAP scores
hit cars with poor scores, there were consistently more fatalities in the cars with the poor scores.

Unfortunately, a similar “self-controlling” approach is not possible for side impact. A head-on
collision is symmetrical, in the sense that both drivers are exposed to essentially the same crash

YKanianthra, J. (NHTSA R&D), e-mail to C.J. Kahane, February 16, 1999.

18K ahane (1994 NCAP), pp. 7-11.



event (especialy if the cars are of equal weight). A right-angle collison isnot. One car is struck
in the side, at great risk to its occupants, while the striking vehicle has frontal damage. The
analogy to the NCAP evauation would be fatal side-to-side impacts. However, side-to-side
impacts are rarely fatal and, in any case, thisis not the type of side impact directly addressed by
FMVSS 214.

Since we cannot use the method with the most control, let us next consider the least controlled
approach: analysis of side impact fatality rates per million car registration years. It is often said
that some make-models have much higher fatality rates than others because of the types of people
who drive them, and that these differences in the rates thoroughly obscure any genuine variations
in crashworthiness. Just how large the differences are is best illustrated by the datain Table 1-1,
compiled by the Insurance Ingtitute for Highway Safety®. Actual fatality rates, shown in the left
columns of Table 1-1 are dmost 9 times as large for some make-models as for others. The
Institute attempted to adjust these fatality rates to take into account the age and sex of drivers
involved and the car size. The middle columns show the Institute’ s predicted fatality rates, based
solely on the car’ s size and the age/gender distribution of its drivers. The “Fatality Risk Index” is
100 (Actual/Predicted). Even these adjusted “Fatality Risk Indices’ can vary by afactor of nearly
5. The sportier cars have disproportionately higher fatality rates and risk indices even though
their design may be intrinsically quite crashworthy. Analysis based on side impact fatality rates
per million registration years is probably the least likely method to produce convincing results. It
is attempted only in Chapter 7, with mediocre success.

The compromise approach isto study the effect of TTI(d) and/or FMV SS 214 on the ratio of side
impact fatalities to a control group of fatalities quite unlikely to be affected by the design of the
side structure. The control group in this evaluation consists of “purely frontal” fatalities, with
principal damage entirely on the front of the car, and where the “most harmful” event was not a
rollover or other noncollison. Therationale isthat all the various driver factors that cause some
models to have high side impact fatality rates will also, by and large, inflate their frontal fataity
rates by similar proportions. The ratio of side to frontal fatalities should be more constant than
the raw fatality rates. Good TTI(d) scores should reduce side impact fatalities but have little
effect on pure frontals, thus lowering the ratio. It is the same approach as was used to evaluate
the fatality reduction by the “static’ FMV SS 214%. It is the mirror image of the evaluation of air
bags, where pure frontals were the group affected by the safety improvement and nonfrontals
were the control group?.

% Status Report Special Issue: Occupant Death Rates by Car Series,”" Insurance Institute
for Highway Safety Satus Report, Vol. 24 (November 25, 1989).

2K ahane (1982), Chapter 6.

21K ahane (1996), pp. 9-12, 25.



TABLE 1-1: FATALITY RISK INDICES BASED ON FATALITIES
PER MILLION REGISTERED VEHICLE YEARS
(MY 1985-87 carsin CY 1986-88; source - Insurance Institute for Highway Safety)

Volvo 740/760 4dr
Ford Taurus SW
Lincoln Town Car
VW Jetta 4dr

Chev Cavalier SW
Toyota Cressida
Audi 5000

Olds CieraSW
Cadillac DeVille 2dr
Cadillac DeVille 4dr
Ford Escort SW
Volvo 240

Pont Grand Am 4dr
Olds Ciera 2dr
Pont Grand Prix
Buick Century 4dr
Mercury Gr Marquis
Mercury Sable
Pontiac 6000

Chev Celebrity SW
Olds Ciera 4dr
Buick Electra

Ford Taurus

Olds Calais 4dr
Honda Accord 2dr
Subaru SW

Chev Caprice SW
Ford Crown Vic
Nissan Sentra 2dr
Honda Prelude
Buick Somerset 2dr
Mazda 626

Honda Accord 4dr
Olds 98

Olds Delta 88
Chrys 5th Avenue
Toyota Celica
Toyota Corolla 4dr
Mercury Topaz 4dr
Chrys New Y orker
Chev Caprice 4dr
Honda Civic 4dr
Chev Celebrity 4dr

Fatality Rate

Actual Predicted

60 140
70 150
80 120
110 250
110 200
110 190
110 170
110 150
110 140
110 120
120 220
120 190
120 190
120 180
120 170
120 160
120 150
130 200
130 170
130 170
130 150
130 140
140 200
140 190
140 180
140 170
140 170
140 160
150 430
150 310
150 220
150 200
150 170
150 150
150 130
150 120
160 280
160 230
160 200
160 160
160 140
170 260
170 160

Fatality
Risk
Index

43
47
67
44
55
58
65
73
79
92
55
63
63
67
71
75
80
65
76
76
87
93
70
74
78
82
82
88
35
48
68
75
88
100
115
125
57
70
80
100
114
65
106

Ford Escort 4dr
Ford Tempo 4dr
Buick LeSabre
Olds Calais 2dr
Ford Tempo 2dr
VW Golf 4dr
Nissan Maxima
Chev Nova 4dr
Buick Regal 2dr
Subaru 4dr

Pont Grand Am 2dr
Honda Civic 2dr
Ford T-Bird
Dodge Omni 4dr
Chev Cavalier 4dr
Mercury Cougar
Chev Celebrity 2dr
Toyota Corolla 2dr
Nissan 200SX
Pont Sunbird 4dr
BMW 300 2dr
Hyundai Excel 4dr
Plym Reliant 4dr
Chev Cavalier 2dr
Pont Sunbird 2dr
Plym Horizon 4dr
Chev Monte Carlo
Dodge Aries 4dr
Ford Escort 2dr
Dodge Daytona
Chev Spectrum 2dr
Chev Chevette 2dr
Pontiac Fiero
Plym Turismo
Pontiac Firebird
Honda CRX

Chev Sprint

Chev Chevette 4dr
Nissan 300ZX
Ford Mustang
Dodge Charger
Chev Camaro
Chev Corvette

Fatality Rate

Actual Predicted

180 270
180 180
180 140
190 190
200 260
200 250
200 250
200 210
200 190
200 180
210 280
230 280
230 250
230 210
230 190
240 220
240 150
250 380
250 330
250 180
260 340
260 260
260 160
270 260
280 240
280 210
280 210
290 190
300 290
310 320
320 250
340 250
360 380
360 260
380 310
390 530
410 290
410 190
420 420
440 370
450 330
490 380
520 360

Fatality
Risk
Index

67
100
129
100

77

80

80

95
105
111

75

82

92
110
121
109
160

66

87
139

76
100
163
104
117
133
133
153
103

97
128
136

95
138
123

74
141
216
100
119
136
129
144



The use of a control group will filter out many driver factors, but not al. For example, young
males, and drivers of sporty 2-door cars are more prone than others to push their cars to the limit,
lose control, and dlide sideways into fixed objects - increasing the side-to-frontal fatality ratio.
Female drivers have proportionately more side impacts, perhaps because they are slower to enter
intersections and more often become the struck vehicle. Older drivers are especialy vulnerable to
side impacts if they migudge the speed or distance of approaching traffic when they make a left
turn or crossaroad. Vehicle factors can aso affect the ratio of side to purely frontal fatalities: air
bags, because they substantially reduce pure frontals while having little effect in side impacts;
antilock brake systems (ABS), because they are associated with a shift from frontal crashesto side
impacts. Additional statistical techniques are used throughout Chapters 3-6 to control explicitly
or implicitly for these residua driver and vehicle effects on the side-to-frontal fatality ratio. These
techniques include: regression analysis, use of matching make-models for the “before” and “ after”
FMV SS 214 cars, separate analyses for 2-door and 4-door cars, and exclusion of models that got
air bags or ABS at the same time as they reduced TTI(d).

The Phase 1 analyses examine if good TTI(d) is associated with low fatality risk in all types of
side impacts, combined. They also investigate if the association is especially strong in the types of
side impacts that more closely resemble the FMV SS 214 test: compartment impacts, nearside
occupants, impacts by another passenger car, etc. A similar approach is planned for Phase 2.

2K ahane, C.J., Preliminary Evaluation of the Effectiveness of Antilock Brake Systems for
Passenger Cars, NHTSA Technical Report No. DOT HS 808 206, Washington, 1994.






CHAPTER 2

CRASH DATA FILESWITH SIDE IMPACT TEST INFORMATION

Most of the analyses of this report examine the ratio of occupant fatalities in side impacts to
frontal impacts as afunction of acar’s Thoracic Trauma Index [TTI(d)] measured on a Side
Impact Dummy in a FMV SS 214 test. For that purpose, it is necessary to create a datafile of
fatal crash records involving cars with known TTI(d) scores. Using the Fatality Analysis
Reporting System (FARS) data for calendar years 1980 through early 1998, afile was created
containing 43,510 records of fatally injured occupants in model year 1981-96 passenger cars that
were identical or similar to amodel that had undergone the FMV SS 214 test procedure as of
September 1996. Over 94 percent of these people occupied pre-FMV SS 214 cars similar to
models that were baseline-tested during the development of FMV SS 214: an adequate sample to
perform the Phase 1 analyses of this evaluation. Fewer than 6 percent were in cars certified to
meet FMV SS 214: insufficient data to proceed with Phase 2 of the evaluation.

21 Afileof sdeimpact test results

The starting point for creating the crash data base is to compile the results of all test impactsin
which TTI(d) was measured by applying the FMV SS 214 compliance test procedure, or its
equivalent to a production passenger car. From 1981 through the end of the model year 1996 test
program, results are available to NHTSA for 121 individual cars, comprising 106 distinct make-
model-year-body style combinations (i.e., for certain combinations, two or more vehicles were
tested). Of the 121 individual tests, 55 were NHTSA compliance tests of MY 1994-96 cars that
the manufacturers had certified as meeting FMV SS 214, comprising 53 distinct make-model-year-
body style combinations (there were 2 retests).

The remaining 66 were “baseling,” pre-FMV SS 214, MY 1980-93 cars; 43 were tested by
government contractors (41 sponsored by NHTSA and 2 by Transport Canada) and 23 by
manufacturers in the process of researching and developing FMV SS 214. For no other FMV SS
does there exist so complete a historical record of pre-standard performance, including some cars
with TTI(d) far above what FMV SS 214 now alows. The 43 government-sponsored tests
comprise essentialy three series: 20 MY 1980-85 carsin the initial research leading up to the
FMVSS'; 12 tests of MY 1988-90 cars to support the regulatory analysis at the time the FMV SS
was proposed; and 11 tests of MY 1992-93 carsto get afinal baseline just before the standard’s
phase-in period. The second series was supplemented by 14 baseline tests of MY 1988 vehicles,
performed by the manufacturers and confidentially submitted to NHTSA. The manufacturers also
performed and made public atotal of 9 tests on two 1990 make-models to investigate the
repeatability of the procedure. NHTSA’s compliance and baseline test results are documented in

'Final Regulatory Impact Analysis - New Requirements for Passenger Cars to Meet a
Dynamic Sde Impact Test FMVSS 214, NHTSA Publication No. DOT HS 807 641, Washington,
1990, pp. HIC-7 - 111C-15.
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the agency’s crash test data base”. The 66 baseline tests comprise 53 distinct make-model-year-
body style combinations, including 20 2-door models and 33 4-door models.

The FMV SS 214 test is designed to simulate a typical severe intersection collision between two
moving vehicles in which a 3000 pound car strikes the test vehicle at a 90 degree angle in the
occupant compartment area. The test simulates a striking vehicle traveling at 30 mph and the test
vehicleat 15 mph. In FMVSS 214, however, the simulation is achieved by having the test vehicle
stand till. The striking vehicle is a“moving deformable barrier” (MDB) that travels at 33.5 mph
at an angle of 63 degrees with the longitudinal centerline of the test vehicle. The wheels of the
MDB are “crabbed” 27 degrees toward the rear of the test vehicle to ensure that the front of the
MDB is pardlé to the side of the test vehicle at the moment of impact, asin a 90 degree highway
collision. (When these parameters were calculated to the nearest .01, the speed is 33.54 mph, the
heading angle 63.43 degrees, and the crabbing angle 26.57 degrees.) There are correctly
restrained, instrumented Side Impact Dummies (SID) in the front and rear seats adjacent to the
struck side of the test vehicle. TTI(d) and pelvic g's are measured on both the front and rear seat
dummies. However, throughout this report, except for Section 6.8, “TTI(d)” alwaysrefersto
the measurement on the front seat dummy.

TTI(d) = ¥ (Gg + GLo)

where Gy isthe greater of the peak accelerations of either the upper or the lower rib, expressed in
gsand G, isthelower spine (T12 vertebra) peak acceleration’.

Each of the 121 tests described above was run on production cars with SID dummies and an
MDB at or very near the FMV SS 214 speeds. We have excluded the tests on cars experimentally
modified with padding or structures because the results would not apply to the crash-involved
production vehicles on FARS. We excluded tests that didn’t use SID and MDB, or had impact
speeds such as 25 mph or 39 mph, as they are obvioudly not directly comparable to FMV SS 214
results.

One inconsistency among the 121 testsis that the impact speed, although close to 33.54 mph,
varied dightly among tests. Specifically, though, the speed was often dightly above 33.54 mph in
the baseline tests and always dightly below 33.54 mph in the compliance tests. (It is customary at
NHTSA to perform compliance tests at dightly below the speed in the FMVSS.) An adjustment
for the speed differences would make all the results more exactly comparable; without it, the
compliance tests would understate the TT1(d) at 33.54 mph and many of the baseline tests would
overstate it.

Empirical data were used to derive the adjustment factor. Starting in model year 1997, NHTSA’s
New Car Assessment Program (NCAP) has included side impact tests with the same configuration

“Maintained by the NHTSA Office of Vehicle Safety Research.

X 3Code of Federal Regulations, Title 49, Genera Printing Office, Washington, 1998, Part
571.214.
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asthe FMV SS 214 compliance test, but at an MDB speed 5 mph higher: 38.5 mph. Fifteen
make-model-year-body style combinations of MY 1997 or 1998 passenger cars were tested for
both FMV SS 214 compliance and side NCAP. The average TTI(d) was 64.80 in the compliance
tests and 88.39 in the side NCAP tests. In other words, a 14.9 percent increase in speed (from
33.5 to 38.5 mph) was associated with a 36.4 percent increase in TTI(d) (from 64.80 to 88.39).
Since

log(1.364) / 10g(1.149) = 2.23,

the empirical elasticity of TTI(d) to MDB speed iscloseto 2 (at least for MDB speedsin the
mid-30's). It isappropriate to adjust TTI(d) by the square of the speed discrepancy:

TTI(d) adjusted = TTI(d) observed * (33.54/SPEED)?

In the remainder of thisreport, “TTI(d)” always designates the speed-adjusted, not the observed
TTI(d). When two or more cars of the same make-model-year-body style were tested, the
adjusted TTI(d)’swere averaged. Through MY 1996, there are 106 make-model-year-body style
combinations with known TTI(d), ranging from 40.0 to 131.0. Of the 106, 53 were baseline, pre-
FMV SS 214 models, and 53 were MY 1994-96 models, certified to meet FMV SS 214 and
compliance-tested by NHTSA.

2.2 Twins. carssimilar to the sideimpact test vehicles

Although FMV SS 214 scores most accurately characterize the performance of the specific make-
model-year-body style that was tested, they may aso apply, with some accuracy, to cars of the
same make-model and body style, but of a different model year. In many cases, vehicle
modifications from one model year to the next are negligible and have nothing to do with side
impact performance. A typical strategy for manufacturersisto make few changes, if any, for
three to five years after aredesign.

Moreover, while the TTI(d) for a 2-door car is never acceptable for the 4-door car of the same
make-model, or vice-versa, the results for the 4-door sedan could perhaps apply to the 4-door
station wagon or hatchback if these cars essentially have the same side structure in the occupant
compartment area as the 4-door sedan. Likewise, results for a 2-door coupe could sometimes
apply to the 2-door hatchback or convertible of the same make-model, or vice-versa.

These two extensions greatly expand the set of vehicles with “known” TTI(d).
This evaluation, however, will not employ one other concelvable extension of the test data. When
two or more make-models produced by the same manufacturer share a body platform, as

evidenced by identical wheelbase and drive system - e.g., Buick Regal, Chevrolet Lumina,
Oldsmobile Cutlass Supreme and Pontiac Grand Prix - atest for one of these models might apply
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to the others. This approach has been cautiously followed on frontal crash tests such as NCAP.

It is not prudent for a study of side impacts. Side structures such as doors can vary alot from one
model to another, even when the models share the same chassis and frame. Although it istrue
that some corporate “cousins’ are essentially identical vehicles except for the nameplate (e.g.,
Dodge Colt and Plymouth Colt), too many are not - e.g., the Regal, Lumina, Cutlass Supreme and
Grand Prix.

NHTSA staff reviewed each of the 106 tested models individually to select the acceptable twins.
The procedure was to start with the TTI(d) test vehicle and look at nearby model years of the
same make-model, working forwards one year at atime until the next magjor or minor redesign,
and then working backwards one year at atime to the previous redesign. The identification of
“redesigns’ was sometimes ajudgment call, but it was based on tangible evidence including:

. Manufacturers informing NHTSA that a car was modified to meet FMV SS 214. If so, the
modified cars could not be twins for the unmodified cars, or vice-versa

. A change in the actual wheelbase (not counting mere reporting changes such as rounding
to the nearest inch).

. Ward' s Automotive Yearbooks stating that a car was redesigned or got new sheet metal.

. Comparison of photographs from one MY to the next to see if cars were identical, very
similar, or clearly different.

. “Model change codes’ in some VINSs (Nissan, Toyota) to indicate redesigns.

. Exterior length (bumper to bumper). Typicaly, but not always, a cumulative change of 4
inches or more indicates cars have become too different to be any kind of twins, whereas
differences up to one inch might indicate no more than atrivial cosmetic change.

. Curb weight. Typically, but not always, a cumulative change of 200 pounds or more
indicates cars have become too different to be any kind of twins, whereas differences up to
50 pounds .

Alphabetic codes are assigned to indicate the quality of the match:

Body style

X Same body style as the 214 test vehicle (eligible body styles are 2-door convertible, 2-door
coupe/sedan, 3-door hatchback, 4-door sedan, 5-door hatchback, station wagon)

“*Kahane, C.J., Correlation of NCAP Performance with Fatality Risk in Actual Head-On
Collisions, NHTSA Technical Report No. DOT HS 808 061, Washington, 1994, p. 29. New Car
Assessment Program Results, Model Years 1987-1991, NHTSA Office of Market Incentives,
September 1991.
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Y Same number of side doors as the 214 test vehicle, but a different body style - allowed
only if pictures and other evidence suggest the two vehicles are essentialy the same from
the back of the occupant compartment forwards

Model year

A The model year of the twin isequal to or greater than the MY of the 214 test vehicle, but
prior to any subsequent redesign

B The model year of the twin precedesthe MY of the 214 test vehicle, with no intervening
redesign

If a specific make-model-year-body style was a twin to two or more test vehicles, NHTSA staff
selected just one "best" matching test vehicle on a case-by-case basis.

When dl the twins were added to the study, the number of make-model-year-body style
combinations in model years 1981-96 with known TTI(d) grew from 106 to 469. A vehicle-
oriented file of 469 records is created, specifying the make-model-year-body style of the twin, the
make-model-year-body style of the corresponding test vehicle, the test results, and the two
parameters describing the quality of the match between the twin and the test vehicle. The 53
baseline-tested make-models generated 339 twins, but the 53 compliance-tested models only 130,
since many of them had only existed for ayear or two as of MY 1996.

2.3 Afileof FARS cases with side impact test information

The next tasks are to identify al fatal crashes involving one of the 469 make-model-year-body
style combinations with known TTI(d), and to append the FMV SS 214 test results to the other
data on the crash. Asof November 1998, NHTSA's Fatality Analysis Reporting System (FARS)
contained arecord of every fata crash in the United States from 1975 through early 1998°. The
469 “twins,” however, are limited to MY 1981-96. Thus, the FARS data used in this report are
limited to MY 1981-96 passenger carsin calendar years 1980 through early 1998.

Before FARS data can be linked to the FMV SS 214 test results, it is obviously necessary for both
filesto have accurate and identically defined make-model and body-type information. The
Vehicle Identification Number (VIN) is the one vehicle identifier that has exactly the same
meaning on FARS and the test data base. The series of VIN analysis programs used in previous
NHTSA evauations including the study of vehicle size and safety® were expanded to cover model
years 1981-97. These programs, based entirely on the VIN, identify a vehicle's make-mode,

*FARS 1998 Coding and Validation Manual, NHTSA National Center for Statistics and
Analysis, Washington, 1998.

®Kahane, C.J., Relationshipsbetween Vehicle Szeand Fatality Riskin Model Year 1985-93
Passenger Carsand Light Trucks, NHTSA Technical Report No. DOT HS 808 570, Washington,
1997, pp. 15-18.
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model year and body type, and the type of restraint system for the driver and the right-front
passenger.

Each vehicle is assigned two four-digit codes: its fundamental car group (CG) and specific make-
model (MM2). These codes replace any make-model information already on FARS or the test
database. The MM2 codes generadly, but not exactly, follow the pre-1991 FARS and NASS
definitions. FARS cases with missing or ambiguous VINs are deleted. Body style (BOD2), based
onthe VIN, can be a 2-door convertible, 2-door coupe/sedan, 3-door hatchback, 4-door sedan,
5-door hatchback, or a station wagon.

From calendar year 1980 through early 1998, FARS contains 305,973 vehicle records with valid,
decodable VINs of MY 1981-96 passenger cars involved in fatal crashes. No fewer than 58,942
of these vehicles (19 percent) belonged to one of the 469 CG-MM2-BOD2-MY combinations
that has been FMV SS 214-tested or that isa“twin” of a 214-tested vehicle. The FARS vehicle
data and the “twin” data base defined in the preceding section are merged to create a vehicle-
oriented file of 58,942 records, including FARS variables describing the crash and the vehicle, and
the FMV SS 214 test results for the matching test vehicle. Because earlier model years have been
on the road longer and had more time to accumulate FARS data, 54,976 of these records are pre-
FMVSS 214 cars, while only 3,966 are cars certified to meet FMV SS 214.

Three parameters that could not be reliably obtained from FARS are added to thefile: the
availability of air bags, the probability that the car has antilock brakes (ABS), and the curb weight
in pounds. Information on whether a car has driver-only or dual air bagsis decoded from the VIN
and/or from tables of what types of occupant protection were offered by make-model and year’.
The proportion of cars equipped with ABS is tabulated by make-model and year in Ward's
Automotive Almanacs. The plain-English make-model names in the almanacs are trandated to the
numeric CG and MM 2 codes to provide alook-up table of the probability that a car is equipped
with ABS, as afunction of its CG, MM2 and MY . Curb weights of passenger cars are accurately
encoded in R. L. Polk's National Vehicle Population Profile. Polk hasits own codes for vehicle
make, model-subseries, body style, etc., and tabulates weights by those codes. NHTSA staff
tranglated the Polk codesto CG, MM2, BOD2 and MY and created a look-up table of
registration-weighted average curb weights by CG, MM2, BOD2 and MY?,

Next, the vehicle-oriented file is merged with FARS person-level data to create an occupant-
oriented file. There were 43,510 occupant fatalities in the 58,942 vehicles; of these, 38,446 were
drivers or right-front passengers, 3,498 were rear-seat outboard occupants, and 1,566 were in
center, other or unknown seat positions.

'K ahane, C.J., Fatality Reduction by Air Bags, NHTSA Technical Report No. DOT HS808
470, Washington, 1996, Appendix A.

8K ahane (1997), pp. 63-64.
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Among the 38,446 front-outboard occupant fatalities, only 2,267 were in cars certified to meet
FMV SS 214, insufficient data to attempt Phase 2 of the evaluation at thistime. But 36,179 were
in baseline, pre-standard cars, an adequate sample for Phase 1 of the evaluation.

Among the 36,179 fatalities in baseline cars, 3,400 were at seat positions equipped with air bags,
or in cars with standard ABS, or in cars with more than 10 percent optional ABS. The presence
of air bags or ABSisamajor confounding factor for most of the analyses of this report, as will be
discussed in subsequent chapters. Since only a small proportion of the baseline cars had air bags
or ABS, many complications can be avoided, with minimal loss of sample size, by excluding them
from the analyses.

There remain 32,779 fatality cases in baseline cars with known TTI(d), without air bags or ABS
(or less than 10 percent optional ABS). Of these, 10,938 were in some type of side impact
(IMPACT2=2, 3,4, 8,9, or 10) while 12,019 were in purely frontal impacts IMPACT2 = 12
and M_HARM = 1-7: i.e., the most harmful event was not arollover, fire or other noncollision).
The remainder were in partialy frontal impacts, rollovers, rear impacts, or in other or unknown
crash types. The 10,938 side-impact and 12,019 purely frontal fatality cases, however, supply the
datafor most of the analyses for Phase 1 of this evaluation.

Additionally, a vehicle-oriented file of 6,741 cars that fataly injured a pedestrian, pedalcyclist or
other nonoccupant (HARM_EV = 8, 9,or 15) is created to support one analysis in Chapter 7.

The following variables are defined for each vehicle and occupant on the occupant-oriented file:

. VIN

. Model year

. Car group (4 digit code derived from VIN)

. Make-model (4 digit code derived from VIN)

. Body style (CV, 2 dr coupe/sedan, 3 dr HB, 4 dr sedan, 5 dr HB, SW)
. Curb weight from the Polk file (pounds)

. Air bag equipped at that seat position (0=no, 1=yes)

. ABS: proportion of cars of that make-model-year so equipped (ranges from O to 1)
. Caendar year of the crash

. Number of vehiclesin the crash

. Principa impact point for this vehicle

. First harmful event in the crash

. Most harmful event for this vehicle

. In a 2-vehicle crash, description of the “other” vehicle (car, light truck, heavy truck)
. Occupant’ s fatality outcome

. Seat position

. Age

. Gender

. Belt use
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Ejection

Model year and body style of the matching FMV SS 214 test car

TTI(d) for the front-seat dummy in the matching FMV SS 214 test car, test-speed adjusted
Pelvic g'sfor the front-seat dummy

TTI(d) for the rear-seat dummy

Pelvic g’ sfor the rear-seat dummy

Quality of the model-year match (A or B)
Quality of the body-style match (X or Y)

The TTI(d) and pelvic g's written on this file are those recorded on the SID dummiesin the

FMV SS 214 test vehicle during a 33.54 mph impact by a moving deformable barrier and not those
actually experienced by occupants of the crash-involved vehicle on FARS, which are, of course,
unknown. An occupant is "belted" if either a manual or an automatic belt (or, for passengers up to
age 5, achild safety seat) was used, according to FARS (MAN_REST =1, 2,3 or 8or
AUT_REST =11in1980-90; REST USE =1, 2, 30or 8in 1991-98; also for passengersup to 5
years old, MAN_REST or REST_USE =4). The description of the “other” vehicle (car, light
truck or heavy truck) is obtained only in two-vehicle crashes, by analysis of itsfirst three VIN
characters, if possible, or from the FARS variable BODY _TY P, otherwise.
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CHAPTER 3

CORRELATION OF TTI(d) WITH SIDE/JFRONTAL FATALITY RATIOS
IN INDIVIDUAL FMVSS 214 BASELINE TEST MODELS

The relative risk of fataitiesin rea-world side impact crashes can be estimated by taking the ratio
of fatalities in side impacts relative to a control group of purely frontal fatalities. For Phase 1 of
this evaluation, ratios were calculated for front-outboard occupants age 30-65 in 43 pre-standard,
MY 1980-92 car models that were baseline-tested by the FMV SS 214 procedure. The correlation
of the real-world fatality ratio and the Thoracic Trauma Index [TTI(d)] of the front-seat dummy
on the FMV SS 214 test is statistically significant: the make-models with lower TTI(d) have lower
fatality risk. Results are different, however, for 2-door and 4-door cars. Two-door cars, with a
wide range of TTI(d) performance including some very poor scores prior to FMVSS 214, had a
relatively strong correlation between TTI(d) and fatality risk in side impacts. But in the 4-door
cars, whose TTI(d) before FMV SS 214 was typically in a moderate range, there was only a
doubtful association between TTI(d) and side impact fatality risk.

31 Thel1981-1996 trend in TTI(d)

TTI(d) ranged from 40 to 131 among the 121 passenger cars tested during 1981-96. Since
FMV SS 214 requires 2-door carsto have TTI(d) of 90 or less, and 4-door cars, 85 or less, it is
evident that side impact performance varies considerably in production cars, ranging from very
good to very poor in some pre-standard cars.

Specifically, though, the average TTI(d) performance has improved steadily over time, from an
average of 95 in the cars that were tested from MY 1981 to 68 in MY 1996:

1981 95 1985 91 1989 88 1993 79
1982 93 1986 86 1990 86 1994 75
1983 92 1987 85 1991 84 1995 71
1984 90 1988 88 1992 75 1996 68

These are sales-weighted averages of the make-models that were actually tested, plus their twins,
as defined in Section 2.3. “Saes’ data were obtained by linking the 214 test data base and R.L.
Polk’ s National Vehicle Population Profile, as described in Section 7.1. A preliminary estimate
for MY 1997 isthat average TTI(d) was 65, i.e., dightly lower thanin MY 1996. Figure 3-1
graphs these averages and illustrates the steady downward trend in TTI(d) - both before and
during the 1994-97 phase-in period for FMV SS 214.

However, the pattern in Figure 3-1 can be mideading, because it is really the confluence of three
separate tendencies. One factor is the long-term market shift from 2-door to 4-door cars. Figure
3-2 indicates that 50 percent of MY 1981 cars were 2-door models, but only 24 percent of MY
1996 cars. (These statistics are based on al passenger cars, not just those with known TTI(d).)
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FIGURE 3-1

AVERAGE TTI(d) BY MODEL YEAR, 1981-1996
(passenger cars with known TTI(d); weighted by sales)
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In fact, the shift from 2-door to 4-door cars began in MY 1976 and it appears to be a result of
demographics (as the baby-boomers age, they prefer 4-door cars) as well as changing tastes.
Since 4-door cars have a number of safety advantages, such as a substantially lower risk of
occupant gjection, this trend, not required by any regulation, saveslives'. A second factor is that
TTI(d) was historically much higher, on the average, for 2-door cars than 4-door cars’. Thus, the
shift from 2-door to 4-door cars lowers the overal average TTI(d). Thethird factor isthat 2-
door and 4-door cars each experienced, in their own way, areduction of TTI(d) during 1981-96.
Figure 3-3 graphs the following TTI(d) scores by model year:

2-DOOR CARS

1981 108 1985 114 1989 109 1993 97
1982 114 1986 112 1990 109 1994 88
1983 118 1987 107 1991 112 1995 80
1984 117 1988 109 1992 109 1996 75
4-DOOR CARS

1981 88 1985 84 1989 77 1993 74
1982 86 1986 78 1990 78 1994 72
1983 85 1987 79 1991 78 1995 68
1984 84 1988 78 1992 69 1996 66

Figure 3-3 shows that the average TTI(d) was substantially higher for 2-door cars than 4-door
cars at all times, but especially prior to MY 1992. During MY 1981-91, average TTI(d) was
fairly steady around 110 for 2-door cars and 80 for 4-door cars. The former iswell above the
FMV SS 214 requirement for 2-door cars (90) while the latter is slightly below the requirement for
4-door cars (85). What isinteresting, though, is that when they are graphed separately, neither
the 2-door nor the 4-door TTI(d) shows much of an improvement before 1992. The steady
downward march of the combined average in Figure 3-1 was an artifact of the shift from 2-door
to 4-door cars. Starting about 1992, two years before the actual phase-in of FMV SS 214 but two
years after the Final Rule on FMV SS 214 was announced, average TTI(d) drops steadily -
dramatically in 2-door cars and to alesser extent in 4-door cars. By MY 1996, the average for 2-
door cars (75) isjust below the pre-standard average for 4-door cars (about 80), while the
average for 4-door cars (66) iswell below the requirements of the FMV SS.

'Kahane, C.J., An Evaluation of Door Locksand Roof Crush Resistance of Passenger Cars,
NHTSA Technical Report No. DOT HS 807 489, Washington, 1989, pp. 218-219.

Final Regulatory Impact Analysis, New Requirements for Passenger Cars to Meet a
Dynamic Sde Impact Test FMVSS 214, NHTSA Publication No. DOT HS 807 641, Washington,
1990, pp. 111C-19 - 11C-25.
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FIGURE 3-3: AVERAGE TTI(d) BY MODEL YEAR, 2-DOOR VS. 4-DOOR
(passenger cars with known TTI(d); weighted by sales)
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3.2 Side-impact fatality risk by make-mode

The smplest way to measure side-impact fatality risk in the real world for any make-model is to
compute its rate of side-impact occupant fatalities per million registration years. Asexplainedin
Section 1.3, this approach would be unsatisfactory. Fatality rates vary among make-models by
factors up to 9:1 because of differencesin their drivers, overshadowing any crashworthiness
differences. Section 1.3 recommends computing side-impact fatalities relative to a control group
of purely frontal fatalities, unaffected by side-structure improvements. The driver factors that
increase side-impact fatalities will also tend to increase frontal fatalities. The ratio of side/frontal
fatalities will not vary as much from model to model as the side fatality rate per million years.

Thus, the basic analysesin Phase 1 of this evaluation compare the real-world ratio of side impacts
to purely frontal fatalitiesto TTI(d) in the various individual baseline-tested make-models. Phase
1islimited to the pre-FMV SS 214 cars that were baseline-tested. These cars belong to model
years 1980-93. This technique - aggregating the crash data by make-model, computing aratio of
“relevant” to “control group” crashes, and investigating its correlation with a parameter obtained
through vehicle testing - has been used in other NHTSA research, especially in studies of rollover
propensity®.

The method has three important advantages: (1) It is conservative. It analyzesfatality ratesfor a
small number of genuinely independent data points - the individual make-models that were tested.
(2) It creates an opportunity to scan the list of make-models and check if there is some obvious
factor biasing the fatality